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Abstract

Pharmacy education continues to evolve with the increasingly clinical role of the pharmacist
in the UK healthcare system. The importance of chemistry within the pharmacy degree has
been a long-debated topic. However, the subject’s significance continues to be recognised
within regulatory education standards in the UK and around the world. Chemistry holds a
pivotal role in underpinning clinical knowledge for pharmacists. The understanding of
chemical concepts allows them to make more informed decisions on the medication they are
recommending or prescribing. Nonetheless, chemistry can be complex, and students may
struggle to connect some of the abstract concepts within chemistry to real world application
in pharmacy practice. There are few previously published studies that have investigated
learning chemistry on a non-chemistry major degree, so this study aimed to fill this gap in the

literature.

This study set out to gain a deeper understanding of any factors affecting the learning of
chemistry on the pharmacy programme, staff and students perceptions of chemistry within
the degree and the impact of curriculum approaches. Finally, it endeavoured to support
pharmacy students in understanding and applying their chemistry knowledge in a pharmacy

context.

A mixed methods approach was selected to utilise both qualitative and quantitative data
collection and analysis. This methodology allowed the research questions to be addressed
with a greater breadth and depth. A sequential model with three phases was used. The first
phase analysed possible factors affecting engagement and attainment in a first-year
chemistry module. It found that some demographic factors appeared to influence
engagement with, but not attainment on, a piece of summative coursework. The second
phase explored academic staff and pharmacy students’ perceptions of chemistry in the
pharmacy degree. It then explored students’ perceptions of the curriculum structure.
Students’ understanding of thinking integratively, i.e. connecting their knowledge between
chemistry and clinical teaching, was also discussed. Among the identified themes, the
importance of relevance and the ability to integrate underpinning science with practice were
highlighted. The findings from these two phases enabled a detailed identification of the
issues and were subsequently used to inform the development of a teaching intervention. In
the third phase, a series of patient focused case-based workshops were designed and
delivered. These workshops encouraged group work and development of higher order

thinking skills like clinical problem solving using their chemistry knowledge. This teaching



was evaluated by the students who considered what improvement in skills they perceived

and what future support would be beneficial for them.

Having students as partners in some of the data collection was also a key component of this
doctoral study. They specifically worked with the researcher during the student qualitative
data collection. They provided thoughtful insights into the question development of the
research tools, and their involvement enhanced the richness of the dataset and the

authenticity of the approach.

The term ‘relevance’ was highlighted by both staff and students throughout the qualitative
data analysis. However, although students wanted ‘relevant’ chemistry teaching, their
specific perceptions on this varied between individuals depending on previous experiences
and career aspirations. Students’ integrative thinking skills were not consistently
demonstrated without guidance and scaffolding. Clear contextualisation of chemistry with
relevance to practice helped students feel engaged and think in a more integrative way.
Students appreciated a patient-focused approach to learning chemistry and engaged well

with this method of teaching due to its clear link to their future role in clinical practice.

This thesis provided a deeper understanding of students’ perceptions on chemistry within the
pharmacy degree. It identified pharmacy students’ specific needs, helping them to use
chemistry in an applied and meaningful way. The findings suggest that students need to be
introduced to integrative thinking from the beginning of the programme and chemistry needs
to be more integrated into practice teaching to allow them to appreciate, understand and

apply the underpinning science behind their clinical knowledge.

This research highlights the continuing importance of learning chemistry with understanding
and application as part of students’ preparation to become a pharmacist. It can be used to
inform the strategic and operational approach to this area of teaching on the MPharm
degree, using chemistry conceptual understanding to develop critical thinking skills and
justify clinical decisions. This understanding of the fundamental science supporting clinical
practice is pharmacists’ unique selling point and an important contribution to the

multidisciplinary team.



Glossary

ACPE
BERA
CCAPP

COVID 19

CPD

DAM

DH

Foundation year
GCSE

GPA

GPhC

HE
HESA
MCQ
MMR

MPharm

NHSE
NSAID
OfS

PharmD

POGIL
Pre-registration year

QAA

RPS

RPSGB

Accreditation Council for Pharmacy Education
British Educational Research Association

Canadian Council for the Accreditation of Pharmacy Programs

Corona virus identified in 2019 resulting subsequent restrictions in large
gatherings and therefore affecting teaching during subsequent years

Continuing Professional Development

First-year module for pharmacy students called Drugs and Medicines- focusing on
chemistry using a contextualised approach

Department of Health

12 months training placement for UK pharmacy graduates focusing on application
of knowledge and skills (previously called pre-registration year)

General Certificate of Secondary Education

Grade point average -academic achievement score used in the US but
increasingly recognised internationally.

General Pharmaceutical Council - the regulatory body for pharmacists and
pharmacy technicians initially formed in 2011

Higher Education
Higher Education Statistics Agency
Multiple choice question

Mixed methods research

Master of Pharmacy degree (currently the required accredited undergraduate
degree needed prior to embarking on foundation year.

National Health Service England
Non-steroidal anti-inflammatory Drugs

Office for Students

Doctor of Pharmacy (more commonly a US qualification) but increasingly seen in
UK for pharmacists as post graduate study

Process- orientated guided inquiry learning
Previous name for Foundation year
(Was sometimes abbreviated to ‘pre-reg’).

Quality Assurance Agency

Royal Pharmaceutical Society- the representative pharmacy body in the UK since
2010 (to be replaced by Royal College of Pharmacy in April 2026)

Previous UK regulatory and representative body for pharmacists (disbanded by
2010 following Shipman review — see GPhC and RPS for current pharmacy
bodies)



SChemEs
TA
TEF

THE

WHAMM

WP

Structured Chemistry Examinations (inspired by OSCEs see Kirton et al.; 2014)
Thematic analysis

Teaching Excellence Framework

First year module for pharmacy students called Transition to Higher Education -
focusing on knowledge and skills need for a pharmacy qualification in Higher
Education

A mnemonic commonly used in community pharmacy to gather information to help
diagnose and treat a patient's complaint

Widening participation - strategy to improve access and support for students from
under-represented groups
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Chapter 1- Introduction

This chapter discusses the importance of learning and teaching of chemistry within
pharmacy programmes before presenting the aims and research questions that this thesis
addresses. There is discussion on the learning of chemistry, the relevant background to
pharmacy education, and the role chemistry plays within that structure, with the perceived
issues identified and outlined. The relevant pedagogy to this area is also initially outlined
and will be explored in further depth in future chapters. The exploration and explanation of
these issues allow the researcher to frame the importance of learning chemistry with

understanding and application within this context.

Chemistry is found at the core of this thesis with an important role in pharmacy as both a
scientific and healthcare profession (Taylor & Harding, 2016). Understanding the chemical
principles of pharmaceutical products allows pharmacists to make more informed decisions
about patient care and their strong underpinning chemistry background differentiates them
from other members of the multidisciplinary healthcare team (Mobley et al., 2024). Although
the understanding of chemistry is important to ensure safe and effective delivery of
pharmaceutical care (Krol & Albon, 2025), students may struggle to connect some of the
abstract concepts within chemistry to real world applications in practice (Gilbert, 2006;
Johnstone, 1991). This disconnect can have an impact on attainment and thus on academic
progression (Guile & Ahamed, 2011). Gaining a deeper understanding of student and staff
perceptions in this area as well as exploring appropriate and relevant pedagogical
approaches and teaching strategies will help design support that could potentially foster
deeper learning with understanding and application. It is hoped that this research can
contribute to the continued improvement and enhancement of pharmacy education and also
improve the quality and skill set of these future pharmacists as appropriately scientifically

grounded healthcare professionals.

Following exploration of the issues and further identification of any support needed with the
learning and teaching of chemistry, this thesis aims to design, develop and implement an
innovative supportive teaching intervention. This teaching intervention aims to be a
specifically relevant foundation for students to understand the chemistry needed for

pharmacy students.

1.1 Being a Pharmacist in the UK

Pharmacists are registered health care professionals regulated by the General
Pharmaceutical Council (GPhC) in the United Kingdom (GPhC, 2024). Although the
pharmacy profession has a traditional foundation in scientific principles, it’s identity now has

an increasingly significant clinical component to meet the needs of patients and healthcare



systems as well as estimated future workforce requirements (HEE, 2019). Pharmacists play
a crucial role within the healthcare setting, providing expertise on a wide range of issues
relating to medications with their knowledge on drugs underpinned by their understanding of
chemistry (RPS, 2019).

Currently, successful completion of a four-year Master of Pharmacy (MPharm) degree as
well as one year of foundation training and a pass in the national registration exam are

required to register as a pharmacist in the UK (GPhC, 2023).

1.2 Learning chemistry

1.2.1 The chemistry triplet

Learning and understanding of certain areas in chemistry have been recognised as difficult
for some learners. Johnstone’s pivotal paper presents the model of the chemistry triplet as a
possible explanation for students’ difficulties in chemistry (see figure 1). This concept set out
in Johnstone (1991) acknowledges that chemistry is a complex subject that can be
challenging for learners. He explains that the subject can consist of three main aspects:
macroscopic elements, sub-microscopic elements and further representation through
chemical symbols. It can potentially be difficult for students to understand all three elements
at the same time. The macroscopic element can often be seen or smelt and is a tangible
element, for example when carrying out an experiment and witnessing a colour change from
the chemical reaction taking place. The sub- microscopic nature of chemistry however is not
visible, for example atoms and electrons, so can be very challenging to understand and put
into context as a new concept. Finally, the symbolic level of the triplet can be the
mathematical formula and chemical symbols for elements which is another component to
remember. Johnstone chose the triangle shape to emphasise that no aspect was more

important than the other.



macroscopic
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acid and decomposes to
carbon dioxide and water

Figure 1 — The chemistry Triplet, adapted from Johnstone, (1991) with an added specific
example to illustrate the three elements

1.2.2 Limits of memory capacity
Johnstone’s earlier work within science education examined chemistry exam questions and

the demand (i.e. the number of thought steps) they required to successfully answer them
(Johnstone & El-Banna, 1986). Further work in this area hypothesised the success in
correctly completing a question was related to the students working memory capacity. If the
demand in the question exceeded their working memory, then the student’s academic
performance would fall (Johnstone & EI-Banna, 1989). The working memory, rather than the
long-term memory, is used for new and complex information that does not yet make sense to
the learner. It has a limited capacity which clearly has an important impact on learning.
Students can hold several pieces of information at the same time in the working memory, but
it has a genetically defined capacity which is termed 'information load' (Baddeley et al.,
2020). Chemistry often has topics with a high information load where students are required
to hold many pieces of information at the same time in order to successfully understand the
new learning. Johnstone and El-Banna's research (Johnstone & El-Banna, 1986, 1989)
hypothesised that once students' working memory capacity was reached, their exam
performance rapidly dropped.

Research into how the brain processes information and the subsequent hypotheses provides
some further comprehension into understanding how learning can take place (see figure 2).
With this knowledge and understanding of the processes involved when learning chemistry,

how best to support students when studying a topic that is cognitively demanding and



requires multiple thought steps can be considered. In this context, research into working

memory and the brain’s processing ability can provide some useful insights.
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Figure 2 — An Information processing model (adapted from (Reid, 2008))
Reid (2008) highlighted the importance of adapting chemistry teaching to acknowledge the

limited capacity of the working memory by summarising results of a range of experiments.
Adaptions such as breaking down a complex task or topic into smaller chunks can make
learning more manageable. He found that this adaptation improved student performance
and acknowledged that this type of response was seen in previous studies. For example,
having identified a drop in student performance when multiple steps were needed in a
question, Johnstone & El-Banna, (1989) also explained that they noticed students could
increase their performance again if they had a strategy to structure the questions into

smaller chunks.

An additional strategy to reduce the load on the working memory mentioned by Reid, (2008)
was the concept of pre-learning. With some information within the long-term memory, there

is less ‘new’ information so less to be stored in the limited capacity working memory.

The relevance of this limitation and its impact on students’ learning influences the research
within this thesis so is discussed further in section 5.1.3 when considering curricular

overload.

1.2.3 Beyond the chemistry triplet
Whilst the complexity of chemistry illustrated by the chemistry triplet (Johnstone, 1991)

provides some insight into learning chemistry, further research following its initial publication
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highlights the limitations of this model and other factors that influence the learning of

chemistry.

Differences in how students and educators can interact and understand a concept when
using the triplet has been recognised. Research considering how an expert may learn and
understand a concept when compared to a novice to the subject has been investigated.
Kozma & Russell (1997) found distinct differences between the two groups. This can be
related to the deep understanding of concepts already held by experts as opposed to the
novices who will need to acquire, process and understand all aspects of the subject.
Understanding the language of chemistry was also shown to have an impact on the novice's
ability to learn. It is essential that these highlighted differences are acknowledged when

academics, as experts, are planning teaching sessions for novice students.

Continuing on this theme, other researchers have stressed the need for adaption of teaching
methods when considering the chemistry triplet. It was specifically designed so no one
component of the triplet was considered more important but this is potentially too simplistic
and does not acknowledge the diversity of some student populations. Rees et al., (2018)
discovered students with English as an additional language largely benefited from
supplementary teaching solely on chemistry language in combination with the standard

chemistry module teaching.

Other researchers have critically discussed the overarching use of this pedagogical model.
Talanquer, (2011) acknowledged the benefits of the triplet but also provided a critical
perspective. He argued that for some complex concepts, the triplet is not able to fully
capture this complexity and distinctions between each component of the triplet is not always
clear. He provides a much more complex model which aimed to encompass many
dimensions of chemistry. These criticisms do have an impact on teaching chemistry and
whilst he suggested the triplet should continue to be used, it should not be a singular
approach, and educators need to go beyond this to help students with their understanding of

concepts.

Taber, (2013) revisited the triplet and argued that if students are struggling with the
complexity, opportunities can be given to re-enforce the ideas through contextualisation but

the depth in which the topic is being explored can also be reduced.

1.2.4 Contextualisation
Whilst the chemistry triplet can encourage students to apply knowledge and demonstrate

understanding by describing a concept through all three components of the triangle,
contextualisation goes one step further. Contextualisation can support students if they are

struggling with complexity for several reasons (King et al., 2008). By putting the chemistry



concept into a context, it allows students to link abstract concepts to everyday life, this
potentially reduces perceived complexity. This context can allow the student to link to their
prior knowledge and by building on previous knowledge, it can reduce the load on the
working memory. Several researchers have also noticed that students seem more motivated
by this method of context-based learning (Bennett & Holman, 2003; Gilbert, 2006; Vaino et
al., 2012).

The pivotal paper by Gilbert (2006) outlined criteria for successfully contextualising
chemistry teaching, providing four different models and he argued this method of teaching
helps students focus on how facts are connected, keeping them engaged and improving
understanding rather than attempting to learn facts in isolation. The concept of
contextualisation has influenced the design and development of teaching interventions to
encourage understanding and application when learning chemistry within pharmacy (Fergus
et al., 2015, 2019). Within the wider chemistry setting, it has been used within secondary
education both internationally (Parchmann et al., 2006) and in the United Kingdom (Bennett
& Lubben, 2006).

Although it has an imperative science focus, pharmacy is a vocational degree. The concept
of contextualisation can be applied as a way of bridging the gap between theoretical
chemical principles and their real-world pharmaceutical application (Fergus & Kostrzewski,

2011). This helps demonstrate how relevant the topic is to the student.

In addition to the chemistry triplet education model, the published research on learning
chemistry often also links to the way teaching material is delivered and experienced by
students and how these impact on their learning. The pedagogical concepts discussed in
this section will be revisited and will be explored in greater depth throughout the thesis,
specifically in relation to each of the research questions and the corresponding research

projects conducted.

1.3 The current structure of pharmacy education within the Higher Education setting
in the UK

The GPhC, as the profession’s regulator, is also responsible for regulating and maintaining

the standards of pharmacy degrees and subsequent training.

The structure of undergraduate pharmacy education has undergone multiple changes over
the last twenty years, adapting due to the changes in patient populations and the required
healthcare provision and subsequent changes in legislation (NHS England, 2019, 2023;
Smith & Darracott, 2011). These structural changes have impacted on the chemistry and

science content and the emphasis of it within the degree. An understanding of the history



and circumstances surrounding these changes helps to explain the position of chemistry

within today’s pharmacy curriculum.

Prior to 1997, the pharmacy degree was designed and developed as a 3-year Bachelor of
Science course to ensure that an appropriate curriculum of science and clinical material
could be taught (Taylor & Harding, 2016). However, the role of the pharmacist began to
evolve beyond one of extemporaneous preparation and dispensing. The increasing number
and complexity of medications being used meant that a more clinical role was called for
(Sosabowski & Gard, 2008). In line with the Bologna declaration to ensure more parity with
pharmacy degree courses across the European Union (European Education Area, 2022) the
degree increased from a three year to a four-year course (Smith & Darracott, 2011)
(Sosabowski & Gard, 2008).



The pharmacy

degree in UK
becomes a 4-year The NHS Plan-
Masters including
programme modernising
health education
BRI and Shipman
Inquiry reports- White paper -
highlighting Pharmacy in
competence England.
Building on
Strengths
The General
Pharmaceutical
Council launched UK report -
as pharmacy Modernising
regulatory body Pharmacy
Careers
The NHS Long New GPhC
Term Plan- outcome-based
significant NHS education
reform standards
Revised education
standards —
NHS Long term integra.ti.ng .
prescribing into
Workforce Plan- MPharm degree
addresses staff
short fall
Pharmacists to
be able to
prescribe on
registration.

Figure 3 — Summarised timeline of relevant history from the introduction of the four-year
degree programme to the present day

The NHS Plan (NHS, 2000), a policy document setting out the government’s plan for reform
and investment, emphasised the diverse and valuable role of many healthcare professionals
and specifically stated that pharmacists would continue to move away from a dispensing role

to medicines management roles.



To help guide decisions on the UK pharmacy education changes needed to meet these new
roles, several projects were commissioned by the Pharmacy Practice Research Trust to help
shape future education using the best possible evidence (Willis et al., 2006; Willis & Hassell,
2007; Wilson et al., 2006, 2005; Wright et al., 2006). The research project by Wright et al.,
(2006) compared pharmacy education and training in the UK with other developed countries
namely Australia, New Zealand, the USA and Canada. It found that, in these other
countries, the design and assessment of their degree courses differed significantly from the
UK. The methods of assessment were more competency based in other countries with a
"wide digest of different assessment methods" (Wright et al., 2006, page 44) when

compared to pharmacy education in the UK.

The increasingly clinical role of pharmacists continued to evolve and was supported on a
national political stage; a government white paper 'Pharmacy in England: building on
strengths- delivering the future' (Department of Health, 2008) confirmed the expansion of the
pharmacists' role and also specifically mentioned a more appropriately clinical approach to

pharmacy education.

The General Pharmaceutical Council was formed in 2010 following a requirement to
separate regulatory and representative body functions (The Pharmacy Order, 2010). A
review of the education structure in the UK, Modernising Pharmacy Careers (Smith &
Darracott, 2011) saw the importance of a more integrated approach to the degree
programme and the pre-registration year highlighted. The proposal also discussed the need
for development of and assessment of stronger clinical skills. Following a detailed review of
the education standards, the GPhC published an education framework as a distinct change
from the previous curriculum syllabus (GPhC, 2011). This significant change to the structure
of the undergraduate degree was made to better align with the increasingly clinical role of
the pharmacist, requiring the degree course to evolve to meet these needs (Department of
Health, 2008). To meet these new standards, a fundamental change to teaching and
assessment was needed; students were now required to show competence and meet
specific learning outcomes rather than theoretical knowledge which had been a criticism of
the previous degree structure due to a lack of this type of authentic assessment which was
directly relevant to practice (Wilson et al., 2005). There was no longer a set curriculum but a
set of outcomes that needed to be taught and assessed, with assurance that students met

each of these outcomes by the end of their study period (GPhC, 2011).

Previously there had been an outline of subject knowledge to be taught and assessed on the
MPharm degree, including the chemistry content as a benchmark standard. This Quality
Assurance Agency (QAA) benchmark statement for MPharm degree (QAA, 2002)



emphasised the knowledge, abilities and skills that are essential for a pharmacy graduate.
However, this statement has not been updated since 2002 so is no longer valid and has
been removed from publication. Although the QAA stated this benchmark statement will be

updated, there is not yet a planned publish date for this.

A significant challenge with the previous 3 year degree structure was the lack of assurance
of competence. The introduction of learning outcomes for both the degree and the pre-
registration year sought to resolve this. Previously, with theory assessments passed, there
was no requirement to demonstrate application of knowledge and skills (Sosabowski & Gard,
2008). In a modern healthcare setting with an understandable focus on patient safety and
clinical governance (NHS, 2023), a lack of this reasonable assurance cannot be a viable

option.

Following the most recent national review to ensure the NHS was ‘Fit for the Future’ (NHS
England, 2019), it was proposed pharmacists could become independent prescribers without
the additional post-graduation prescribing qualification (HEE, 2019). This review reflected
the increasing challenge and pressure on the NHS workforce and proposed a long-term
sustainable plan for safe and effective healthcare provision. In 2021, the GPhC updated its
Standards for Initial Education and Training of Pharmacists (GPhC, 2021). These standards
incorporated teaching and assessment on independent prescribing as well as an increased
requirement for practice placements. This meant that those joining the GPhC pharmacist
register from 2026 will be independent prescribers at the point of their initial registration as a
pharmacist (HEE, 2025). The GPhC 2021 educational standards are the current standards

that all Master of Pharmacy programmes in the UK must be accredited to at the current time.

1.4 The role of chemistry in the UK pharmacy degree

Although the changes to the UK pharmacy educational standards have placed increasing
emphasis on direct patient clinical care and subsequently independent prescribing, it would
be wrong to assume that science is deemed as no longer important, this is inappropriate
because of the impact of a drug’s chemical structure on its mode of action, absorption and
side effect profile. Its significance is still embedded despite substantial changes to the
required programme standards and learning outcomes (GPhC, 2011, 2021). For example, in
the 2011 education standards (GPhC, 2011), chemistry and science had a prominent place,
with science highlighted multiple times throughout the document including within standards
(requiring students to have “an integrated experience of relevant science and pharmacy
practice” (GPhC, 2011, p19)). The most recent standards (GPhC, 2021) also continue to
emphasise this significance with an expectation that students will “apply the science behind

pharmacy throughout all learning” (GPhC, 2021. p9) as a mandatory learning outcome.

10



Integration between science and practice is a pivotal part of curriculum design and is a
theme throughout both recent GPhC pharmacy educational standards, this is discussed

further in section 1.5 and section 2.1.4.

The response to this societal role change for pharmacists and the educational standards
review re-ignited a debate about the position of science within the degree programme which
has yet to be resolved. There are a range of opinions and beliefs involved in this debate
discussed below, which seem influenced by academic background, current roles as well as
one’s own experience of pharmacy undergraduate training. A conference presentation by
Scotland’s Chief Pharmacist at that time which suggested a move away from science in the
degree (Chapman, 2014) was met with strong opposition from a range of established

academics in the Pharmaceutical Journal (Furman, 2014; Martini et al., 2014; Perrie, 2014).

Stating that chemistry should (or should not) be included in the pharmacy degree is not a
sufficient level of detail for this debate without the consideration of context and the type of
teaching and assessments that can be used. A more sensible discussion considers the
teaching methods used to convey this information. These previously may have focused on
didactic delivery of large volumes of complex theory to meet the specified curriculum content
(Guile & Ahamed, 2011; Sosabowski & Gard, 2008). A more appropriate approach reflects
on how this information needs to be used by pharmacists, so its authentic application is
considered. Consideration of the integration of practice and science teaching with an
emphasis on application of knowledge and relevance to future practice is discussed in detail
in Husband et al., (2014), a much cited and respected paper. An integrated curriculum can
be defined as one where the summation of different academic disciplines forms a coherent
whole and, importantly, where the relationships between the different disciplines have been
carefully and strategically considered when forming the composite. With pharmacy
curriculum integration, it is important to produce graduates who have the capacity to apply
their knowledge to a range of complex problems where available information is often
incomplete. This paper discusses the development of an integrated curriculum in which
students are presented with an organised, logical sequence of material, but still challenged
to make their own integrations and develop as integrative thinkers. An evidence-based
model upon which an interdisciplinary undergraduate pharmacy curriculum can be built is

presented and has been used by many pharmacy programmes across the UK.

To consider a balanced picture, some of the reasons given against the inclusion of chemistry
are summarised here and will be discussed in further detail during the thesis. There is no
doubt that with the increasing clinical role, more clinical teaching as well as clinical skills

development needed to be added to the programme curriculum. As new content and skills
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are required, there is an inherent challenge to fit everything into limited time. This has led to
the argument of what could be removed and replaced to accommodate emerging newer
elements (Chapman, 2014; Guile & Ahamed, 2011). Whilst important, the consideration of
the content alone is not acknowledging the science of learning. Some of the resistance to
the inclusion of chemistry or the calls for its removal may be linked to its perceived lack of
relevance to clinical knowledge and skills. With the ever-increasing complexity of drugs and
healthcare provision, it is progressively difficult and now impossible to teach all medications
and diseases (Angelo et al., 2022). A focus on developing skills like integrated critical
thinking which foster a deep understanding of concepts and underpinning science does
consider the skills needed for a qualified pharmacist (Pearson & Hubball, 2012). Healthcare
professionals including pharmacists are expected to engage with lifelong learning (Rouse,
2004), acknowledging the fact that the healthcare setting is consistently evolving so further
learning is needed to ensure currency of knowledge and skills. This recognition of lifelong

learning acknowledges that not everything can be taught at undergraduate level.

Some skills taught during the traditional pharmacy degree programme are science related,
for example laboratory manipulation skills. These skills may be different to clinical skills but
there are elements related to both. For example, manual dexterity is needed in both
physical examination of patients and using equipment in the laboratory, so the skills
developed in the laboratory setting are transferable to the clinic setting. Risk assessment
and record keeping are also important in both practical chemistry and pharmacy settings.
Traditionally, the science content has often been embedded earlier on in the programme;
students need to pass these modules before continuing to develop their clinical skills (Guile
& Ahamed, 2011). The more clinical role and subsequent introduction of clinical skills to the
programme can be seen as progression of the profession, but the consequence of losing the

underpinning science needs to be considered.

Some of the skills that learning science foster are also transferable and relevant to clinical
skill development. Research in medical education has often highlighted the benefits from
their underpinning science teaching. Critical thinking and problem solving are developed
(Ribeiro et al., 2015) which can be used when dealing with patient queries and practising
evidence-based medicine. Education experts argue this science background is needed to
gain a full understanding of evidence based practice (Greenhalgh, 2003). Students are
often required to work in groups when completing laboratory work and communicate findings
clearly and concisely which builds their collaboration and communication skills (Mc Goldrick
et al., 2013). Developing students’ learning of science at university can build on their prior
knowledge from secondary education so it is often easy to embed this teaching and further

skill development from the beginning of a programme. Additional clinical skill development is

12



still required but there is clear evidence that the skills developed in science teaching are

relevant and transferable.

Pharmacy as a profession is founded on science (Skau, 2007), although the profession has
moved from a niche focus on extemporaneous dispensing, it still has a unique contribution to
make in the healthcare setting. A clinical role is not a reason to exclude science altogether, it
is a reason to review and restructure considering the most appropriate learning, teaching
and assessment methods. This review may inevitably mean a reduction in total chemistry
content after some of these changes. Some argue this is a dumbing down of the curriculum
(Florence, 2011) but the perspective of meeting learning outcomes to produce competent
practitioners should be the focus (Faruk Khan et al., 2011). The ‘Modernising Pharmacy
Careers’ UK review (Smith & Darracott, 2011) highlighted the need for a pharmacist to be a
health care professional who has multiple skills within science and the clinical setting. The
undergraduate Master of Pharmacy degree remains a vocational degree that allows
progression into any branch of pharmacy including industry, hospital, community and primary
care. Therefore, the degree must be suitable for all branches of the profession, even if a
specific branch appears to be increasing in popularity. Career choices of pharmacy students
have been shown to change over time due to a variety of factors and differing opportunities
being available as the profession and needs of the population changes (Hanna et al., 2016;
Savage et al., 2009; Willis et al., 2006).

The current body of evidence suggests that this unique position of pharmacy is not
necessarily reflected in pharmacists’ own perceptions of their identity. Multiple identities
(e.g. the scientist, the clinical practitioner, the social carer, the business person) were
acknowledged during qualitative research involving individual and group interviews (Elvey et
al., 2013) although this may be related to the multiple sectors and therefore roles
pharmacists may have. A recent review of multiple studies across several countries found
that pharmacists do not consistently consider themselves clinicians (Kellar et al., 2021).
However, some of these studies are historical and attitudes and perceptions may change
once careers are established for those who have completed pharmacy programmes under

the new educational standards.

Researchers have focused on how to successfully achieve relevant learning outcomes
(Alsharif et al., 1999; Faruk Khan et al., 2011) to support the argument for continued
inclusion of chemistry within the pharmacy degree. The discussion focuses beyond just the
inclusion of an extensive subject area but on ensuring the right depth and breadth of this
area. It also considers how it is taught, what skills are developed and how these are

demonstrated and assessed. There is a recognition that there is a skill gap between
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learning theory and then being able to apply this knowledge to relevant situations (Bandiera
et al., 2013) which can be narrowed by teaching and assessment that encourages
application of knowledge. (The foundation-clinical gap is discussed further in chapter 7).
The structure and design of the curriculum is important here with the need for integrated
materials and the recognition that these knowledge and skills are linked to more than just
academic ability (Toklu & Hussain, 2013). To demonstrate their competence, pharmacy
students need to demonstrate their ability to apply knowledge as a specific skill (Persky et
al., 2019) and communicate this application to other healthcare professionals, patients and
carers (Luiz Adrian et al., 2015).

1.5 The structure of pharmacy education within the Higher Education setting across
the world

This debate regarding the science content within pharmacy education is not restricted to the
UK but has also been seen in other countries where the role of the pharmacist was evolving
to become increasingly complex and clinical (Wilson et al., 2005; Wright et al., 2006). The
changes seen in the UK in recent years have also been happening globally with the USA,
Canada and Australia also continuing to progress clinical pharmacist roles within their

healthcare settings.

Although historically, chemistry has been at the core of pharmacy undergraduate education
globally, the curriculum has become more patient focused whilst aiming to maintain the
underpinning fundamental chemistry and science (Skau, 2007). In the USA, the
Accreditation Council of Pharmacy education standards (2016) (ACPE, 2016) continued to
highlight the need for the development of science skills as its first standard. The recently
updated standards (ACPE, 2025) which were implemented from July 2025, have science
embedded through the revised curriculum standard 2. Similarly, the Canadian Council of
Accreditation of pharmacy programs (2020) (CCAPP, 2020) acknowledges the constant
importance of science, stating that the foundational science “should be in sufficient depth to
provide [a] foundation for pharmacy practice responsibilities as well as emerging
roles”(CCAPP, 2020, p 11).

This recognition that science and practice content is a global discussion is important when it
comes to reviewing the current literature base. As these countries also face the challenges
of balancing science and clinical content in their programmes, their publications on teaching
interventions are relevant and educational for the UK. Developing countries are also
increasing their clinical expertise which is having an impact on their status within the
interprofessional healthcare setting (Toklu & Hussain, 2013). There are multiple pharmacy
programmes now established internationally which have been directly validated by UK

universities and significantly influenced by the UK pharmacist roles and also UK standards
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(UCL, 2025; UH-GAF, 2025; UNM, 2025). Through experience of recruiting students for the
Overseas Pharmacists Assessment Programme (OSPAP), a variety of topic content as well
as assessment types can be seen in qualifying pharmacy programmes across the Globe. A
recent review by the GPhC acknowledged the differences seen when compared to the UK

and are planning a further review of the overseas qualification route (GPhC, 2025a).

The next chapter (specifically section 2.4.3) will review literature on relevant chemistry
teaching in detail with a focus on identifying gaps relevant to the pharmacy education
setting.

1.6 Curriculum design and meeting education standards — consideration of teaching,
learning and assessment

Due to the significant change in pharmacy programme requirements in the UK, consideration
was given to relevant pedagogic elements which could support the delivery of these new
updated standards. These were highlighted and used as principles to help meet these
educational standards (GPhC, 2011).

Embedded in these standards was the need to ensure that science would underpin the
learning of pharmacy practice. Integration was essentially mandatory and a well-
documented method of achieving this was through consideration of Harden’s ladder of

integration (Harden, 2000) which was already utilised and respected in medical education.

Integration is discussed throughout literature, but it is acknowledged that an agreed
definition should be used so it is clear what this thesis is referring to. This will be discussed

and defined in chapter 2 as part of the literature review for the purposes of this thesis.

1.6.1 The integration ladder

Using Harden’s key paper (Harden, 2000), progression along this ladder shows an increase
in integration on each of its 11 steps. 'Isolation' on the bottom rung represents separate
disciplines teaching in complete isolation without acknowledging the rest of the curriculum.
Only the top three rungs of the ladder were considered appropriately integrated by the
GPhC. A multi-disciplinary curriculum implies that teaching is focused on cases and
contexts where students apply their skills and knowledge to solve the problem. A trans-
disciplinary approach at the highest rung of the ladder has students learning in a practice
setting bringing together material from a range of subjects. Several schools have adapted
well to this approach; Husband et al., (2014) provide an example of an inter-disciplinary
model of integration within their curriculum. Their design at the University of Durham
showed an organ and system-based design to modules rather than discipline focused.

Curriculum design and the implementation of an integrated structure impacts interpretation
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of the curriculum by students so may help to positively influence students’ understanding of

the importance of this integration (Kulasegaram et al., 2013).

Trans-
disciplinary

nter-
disciplina

. Multi-
disciplina

Temporal
co-ordination

Harmonization

Awareness

Isolation

Figure 4 — The integration ladder; diagram taken from (Harden, 2000)

Whilst examples of integration have been developed, implemented and described for
pharmacy programmes in the literature (Alsharif, 2007; Alsharif & Galt, 2008; Faruk Khan et
al., 2011; Karimi et al., 2010; Kearney & Larrafeta, 2021), there is, as yet, no clear
overarching evidence that demonstrates what type of integrative curriculum is most effective
with few studies directly comparing traditional and integrated models (Kerr et al., 2020). One
of the challenges is that integration is not explicitly defined and without an official definition, it
is difficult to compare studies and review truly integrated approaches (Nazar et al., 2019;
Sun et al., 2023). The significant increased staff workload and time involved in this change
to curriculum has been cited as one of the common barriers to an integrative curriculum
(Aref et al., 2021).

1.6.2 Spiral curriculum
It was proposed that the new Master of Pharmacy structure should be planned with the spiral

curriculum model in mind, acknowledging the increased complexity of subjects taught

throughout each year, with the final year being significantly more complex than the first year.
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This model was first developed by Jerome Bruner (Rockich-Winston, 2017). Bruner was a
psychologist who thought that intellectual ability built up in stages so a subject should be
taught in its basic form and re-visited frequently and built upon in complexity to ensure the
student develops a deep understanding. This model was adapted by the General Medical
Council as an approach to medical education in the early nineties and continues to be used
(Harden, 1999). Returning to topics during the degree can be deemed a successful method
of ensuring the curricula is up to date with the increasing advances seen in licensed
medication (Rockich-Winston, 2017).

1.6.3 Miller’s Pyramid

How students can be assessed was also considered following the implementation of the new
educational standards, acknowledging that solely using written assessments would not be fit
for purpose (Wilson et al., 2005; Wright et al., 2006). Miller’s pyramid (Miller, 1990) was
highlighted as a model for the assessment of clinical competency. This model emphasises
how the students' development of competencies should increase over the degree course
and during the pre-registration year. Notably, it does not remove exams or knowledge-based
tests, recognising that knowledge should be secure before as it acknowledges that a

demonstration of being secure its application is assessed.

Performance in practice

Demonstrates skills

Shows how

Knows how

Applies knowledge
Demonstrates knowledge
—

Figure 5 — Miller’s Pyramid (adapted from ( Miller, 1990))

The implementation of a variety of assessment techniques that allow students to
demonstrate skills and competencies rather than knowledge alone can be categorised as
authentic assessment. Authentic assessment requires students to show an "active

demonstration" of their knowledge (Biggs, 2003). In addition, clinical simulation and
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Objective Structured Clinical Examinations (OSCE's) are beneficial learning experiences in
their own right and can ensure that students develop, practise and become competent in
skills necessary for practice (Corbo et al., 2006; Kirton et al., 2014; Wright et al., 2006).
Students tend to engage well with this type of assessment (Oyler et al., 2016) which also
allows them to synthesise information and problem solve in a real-life context. This authentic
teaching and assessment, encourages meaningful rather than rote learning (Husband et al.,
2014). The importance of meaningful learning as opposed to rote learning has been
frequently discussed and defined (Bretz, 2001; Mayer, 2002) with it being described as
supporting learners to make sense and develop deep understanding of the learning material.

The significance of meaningful learning is explored further in section 2.1.7.

Consideration of an integration structure model (Harden, 2000) and an assessment
framework (Miller, 1990) does help in curriculum development however it does not consider
any of the specific challenges faced when learning different subjects such as chemistry. This
needs to be considered because even with an integrated approach, these challenges will still

be faced. These issues will be explored further within the thesis.

1.7 Other relevant key learning concepts
Although not specifically referred to in the GPhC educational standards, there are other

pedagogical elements which are drawn upon in curriculum design and delivery at a higher

education level.

Demonstrating synthesis of information when critically thinking rather than solely
remembering knowledge links to Bloom's taxonomy. The educational psychologist,
Benjamin Bloom explored the spectrum of cognitive processes involved in thinking and
learning. His team categorised the cognitive domain of learning which relates to gaining
knowledge and acquiring intellectual skills (Anderson et al, 2001). He and his colleagues
argued that the lowest level of learning was basic fact recall and to develop academically,
this should be built upon to more complex tasks like being able to analyse or evaluate the
information rather than just recall it which may not demonstrate clear understanding. A
deeper level of understanding and greater cognitive processing is needed to successfully
master the higher order skills like critical thinking and problem solving (Anderson et al,
2001).

Bloom’s pedagogical concept consists of three domains with the cognitive domain (Bloom et
al., 1956) and affective domain (Bloom et al., 1973) being most relevant to this doctoral
study. Being able to demonstrate the application of knowledge rather than solely
remembering knowledge is thought to show a deeper level of understanding and greater

cognitive processing. In terms of the affective domain, students’ perceptions and attitudes
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also affects their interaction with the subject. Teaching and assessment interventions have
had understanding and application of knowledge at their heart rather than basic knowledge
recall. These domains will be explored in further when discussing meaningful learning in

section 3.9 and assessment design in section 4.1.6

1.8 Chemistry positioning within an example MPharm modular structure

Having knowledge of chemistry’s position within an example pharmacy degree structure may
help understand the students’ experience so is explained more explicitly here. It should be
noted that the General Pharmaceutical Council does not specify a pre-determined modular
structure, so each School of Pharmacy is different. (Although all programmes must be
accredited so the GPhC are satisfied that they meet the standards for education (GPhC,
2011, 2021)).

The programme at the University of Hertfordshire has been designed with input from all
relevant disciplines with the curriculum lead having a pharmacy practice background.
Knowledge and skills in chemistry are taught from first year onwards with more foundational
concepts being the focus in the earlier years. The focus becomes more disease focused
from second year onwards with teaching around disease states, building in complexity each

year.

Although the content is planned in an integrated way, it is noted there are current no
chemistry academics who are also registered pharmacists. There are some co-taught
sessions with both pharmacy practice and chemistry staff present but it can be challenging
to organise with large teaching workloads across multiple programmes. Generally, practice
staff teach the clinical material and chemistry staff teach the science material even though
the modules have integrated contents and assessment. Practice staff do not routinely

support laboratory practical classes.
Further details on the modular content of the programme can be found in appendix 1.

1.9 The importance of this research
This research aims to explore several areas which may impact the learning and teaching of

chemistry within the Master of Pharmacy programme whilst considering the application and
understanding of this knowledge. Staff and student perceptions will be investigated as well
as teaching tools which may influence this learning. There is little research regarding
comparison of student and staff perceptions around the learning and teaching of chemistry,
specifically on pharmacy degrees. Although there have been previous studies on students’
perceptions towards chemistry learning in pharmacy (Jesson et al., 2006; Mawdsley & Willis,
2019; Prescott et al., 2014; Smith et al., 2017), currently there is little research specifically

regarding chemistry academic staff perceptions on important factors affecting teaching (and
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learning) of chemistry and any differences between students and academics. This research
aims to add to the existing literature in this area, acknowledging that the changes to the
programme and the expanding pharmacy clinical and prescribing role may influence these
viewpoints. This study also aims to expand the evidence base of using a patient centred
approach when studying chemistry, considering the new clinical and prescribing
responsibilities which were beyond the scope of the pharmacist’s role when many of these

previous studies were conducted.

It is important that the continued importance of science within the pharmacy programme
curriculum is acknowledged despite the increasingly complex clinical requirements. The aim
is to ensure students finish their degree scientifically literate, with an understanding of key

concepts and an ability to apply this knowledge to clinical problems (Husband et al., 2014).

At the core of this research’s originality is its inclusion of students during the research
development and collection phase. Participatory research (Seale, 2010) is an approach that
is considered as more collaborative than previous historical approaches where academics
had sole involvement on the research design with possibly no or very different lived
experiences to the directly affected participants. In participatory research, individuals (the
students in this case) are acknowledged as being directly affected by and part of the issues
being investigated. Becoming actively involved in the research allows a more authentic
approach with the potential for more in-depth findings as the student voice is being clearly
heard and acknowledged. The student involvement has allowed the researcher to develop a
deeper reflection and understanding of the findings. It also highlighted the need to consider
language and explanations when discussing pedagogy, when an academic’s understanding
is commonplace, but students may not be familiar with integration, contextualisation, and
spiral curriculum. This distinct perspective is a novel approach to this area so offers an
original research perspective as well as expanding and updating the literature base in this

area.

Several terms relevant to this research have been researched and defined as part of the

literature review process in chapter 2.

1.10 The objectives and research questions of this project
An initial review of literature on this area allowed the researcher to develop further

understanding of the problem and formulate research objectives. The research questions

were then developed.
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The general objectives of the overall project are:

1. ldentify and analyse in detail factors affecting chemistry learning in the context of a

non — chemistry major degree programme from a staff and student perspective

2. Identify understanding of contextualisation, its importance, relevance and

implications within the MPharm student population at University of Hertfordshire

3. Develop and implement an approach to effectively contextualise chemistry within a

pharmacy context and evaluate its impact on learning.

1.11 Consideration of the research questions

Table 1 - The research questions

The research question

How and where will this be answered?

What influences students’
understanding and application of
knowledge of chemistry within the
MPharm degree?

(linked to objective 1 and 2)

Literature review (chapter 2)

Primary data collection from PeerWise study allowed
exploration of whether demographics have an impact
(Phase 1- chapter 4). Phase 2 where interviews and

focus groups explore perceptions on this.

What are MPharm students’
attitudes towards the relevance of
chemistry within the MPharm
degree as well their motivation
and most effective ways to learn
and understand chemistry?

(linked to objective 1 and 2)

Literature review (chapter 2). Primary data collection
from interviews and focus groups in phase 2 (chapters
5 and 6) address perceptions and identify and analyse

themes.

What do University of
Hertfordshire staff understand to
be the student perceptions
regarding chemistry on the
MPharm programme?

(linked to objective 2)

Phase 2 of project with primary data collection and

analysis from interviews with academic staff (chapter 5)

What strategies can support
students’ application of chemistry
and integration with practice
learning within the MPharm
degree?

(linked to objective 3)

Phase 3 of project (chapter 7) designs, develops and
delivers a teaching strategy to support. This design of
this strategy is influenced from data analysis of phase 1
(chapter 4) and phase 2 of the project (chapters 5 and
6).
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1.12 Overview of the thesis chapters

Figure 6 presents a summary of the eight chapters that make up this thesis. A brief overview

of each chapter is also provided below.

( )

Chapter 1 Introduction and background context
. J

( )

Chapter 2 Literature review and term definition

Chapter 3 Research methodology and methods

4 N\ g N\ ([ N\
Chapter 4 Peerwise engagement analysis Phase 1
\ J -
( R AV
a (2]
Chapter 5 Staff student perceptions c
|\ J 2" Ph
ase 2
4 N\ g
©
Chapter 6 Contextualisation student focus groups =
N / Z ~—
s N )
Chapter 7 Teaching intervention analysis Phase 3
N\ J J U J
4 N\
Chapter 8 Conclusions and recommendations
(. J

Figure 6 — Diagrammatical representative of the thesis structure

Chapter 1 introduces the study providing a summary of the background and context to the
subject area. It identifies the aims and objectives of this thesis as well as how the research
questions will be addressed. The importance of this research and its contribution to the field

are discussed.

Chapter 2 presents a narrative literature review to outline the key themes that are

considered in this thesis and considers prior studies that link to this research area.

Chapter 3 is where the worldview and methodology for this thesis are explained and justified.
The philosophical assumptions made for this thesis, the specific types of primary data

collected, and the tools selected to analyse the data and ethical considerations are provided.

Chapter 4 is the first of the results chapters and discusses the findings from phase one of
the study. Following engagement with an online educational support tool (PeerWise), the
student demographics and PeerWise data are analysed. The quantitative data analysis
investigates the attainment of students in a summative assessment and their contribution to

the support tool which required involvement with peers. This chapter investigates the impact
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of a range of demographic factors seen within students. It considers their bearing on the

attainment and engagement with the peer support tool.

Chapters 5 and 6 present the data and findings for phase 2 of the project. In chapter 5,
student and staff perceptions of chemistry within non-chemistry major degrees are
investigated through individual semi structured interviews. Following on from the research
into general perceptions of chemistry in non-chemistry degrees; student specific perceptions
of their understanding of contextualisation and integration within the curriculum and how well
they are able to engage with integrative thinking are then investigated with the findings

presented.

Chapter 7 presents the findings of phase 3, the final phase of the project. Following analysis
of the phase 2 data, a teaching intervention to directly support and scaffold integrative
learning is designed and developed in the form of contextualisation workshops. This series
of compulsory workshops for first year MPharm students focuses on a pharmacy practice
approach, linking back to the relevant chemical structures and properties of the drugs
discussed. The design and development of these workshops with student involvement in the
process is discussed as well as the analysis of the student questionnaires completed after

attendance at this teaching intervention.

Chapter 8 is the conclusion chapter where each of the research questions are reviewed and
answered in turn. Recommendations are provided as well as a discussion of future
research. Limitations of the overall project are considered with discussion of their potential

impact on the research.

1.13 Overarching argument of the thesis

This thesis argues that teaching chemistry on the pharmacy degree programme impacts and
can potentially enhance students’ ability to problem solve as a health care professional.
Teaching chemistry through clinically relevant and application-focused approaches can
promote meaningful understanding. It can improve the pharmacy students' ability to use

their scientific knowledge during clinical problem solving in practice.

Multiple phases were designed in order to investigate this argument thoroughly. Within
phase one, association between demographic factors and engagement with a chemistry
formative task (and corresponding assessment) were investigated. This analysis sought to
establish if engagement and achievement in this area could be specifically attributed to
demographic factors. To gain a better understanding of lived experience, qualitative analysis
was the primary mode of research in the next phase. So, in phase two, qualitative analysis
was used to explore students and staff perceptions on their experience of pharmacy

education within their degree and perceived learning and understanding. Finally in phase
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three, a novel educational approach was designed, developed and delivered to pharmacy
cohorts which was informed by their shared insights generated during the earlier phases of
the study. These insights guided both the content and structural design of the intervention.

This new approach was evaluated with both qualitative and quantitative data collection.

It is important that pharmacy students are educated to become integrative practitioners with
understanding of both science and practice concepts. Investigations within each phase

aimed to contribute answers to the research questions outlined in section 1.10.
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Chapter 2 — Literature review and term definitions

This thesis explores student learning and understanding of chemistry within a programme
which requires deep understanding of chemical concepts, but where chemistry is not the
main focus i.e. a non-chemistry major degree. The type of literature review to conduct was
considered with the merits of two main approaches, systematic and narrative reflected upon
(Gregory & Denniss, 2018). Although systematic reviews are considered rigorous, they can
also be narrow and rigid which would not be suitable for this area. This is because the
thesis research questions are broad and therefore the background literature search criteria
to be included needs to be wide as there are several themes relevant to each of the
research questions. This is both intentional and beneficial as it allowed the researcher to
develop a thorough and deep understanding of the area. Conversely, it was also noted that
because of the specificity of non-chemistry major programmes considered in this research,
i.e. the pharmacy degree, there may be very few papers that were directly applicable and so
many may be deemed irrelevant if using the very strict criteria required in a systematic

review.

Narrative reviews can appropriately critique the evidence base, deepen the understanding of
a specified area and can be carried out and presented in a logical and organised manner
(Greenhalgh et al., 2018; Gregory & Denniss, 2018). Thus, a narrative literature review was
selected as the most appropriate method and conducted rather than a systematic review. It
aimed to provide a broad and comprehensive overview of the current literature. The review
of literature will be presented in relation to the relevant themes associated with the research.
These themes include student and staff perceptions in relation to learning chemistry,
teaching interventions to improve learning, understanding and application of chemistry. The

themes are defined in detail in section 2.3.

In addition to the literature review of the identified themes, there are several relevant
terminologies that are referred to throughout the thesis. These terms do not have universally
recognised definitions, so these have been specifically researched and defined for the

purpose of this thesis.

In terms of timeframes for the inclusion of documents for the literature search, it was
deemed that it would not be appropriate to have set dates for all searches as some pivotal
articles and pedagogical theories are older (e.g Bloom et al., 1956; Flexner, 1910) and need
to be acknowledged even though more recent discussion on these concepts in published

articles is available and hence will also be reviewed and critiqued.
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2.1 Key definitions for common terminology used

The first strand of work in reviewing the literature was concerned with defining key
terminology used throughout the thesis. Several key terms are used regularly, and it is
important that they are clearly defined to ensure consistency and clarity in their usage.
These terms were initially divided into two categories: student terms and teaching terms.

Each term within the categories was considered and an agreed definition justified.

Whilst there is a wide range of terminology used within the thesis, the seven terms
considered below were chosen for further analysis and discussion because of the lack of
consensus in academia of a respected recognised definition. During the project, it was
agreed that if a published article had put forward an appropriate evidence-based definition
for a term, this term could be used. Where this was not the case, the researcher has
proposed a definition following comprehensively researching the topic. These definitions are

explored below and summarised in table 2.

2.1.1 Student terms - Student Engagement

The importance of student engagement is often discussed within the Higher Education
setting, being considered a factor in determining institution rankings within university league
tables and as a proxy indicator of quality for curriculum and assessment design from a
pedagogical perspective (Buckley, 2014). A single definition of student engagement
however continues to be elusive despite its agreed importance amongst educators
(Headland, 2024).

Research on student engagement starts in the earlier years within the school setting, with
published literature explaining engagement as having three elements, behavioural,
emotional and cognitive mirroring the structure of Bloom’s taxonomy (Armstrong, 2010).
Each of these elements can look very different but all can be considered as engagement.
The first; behavioural engagement is related to following the rules within the classroom and
not participating in or creating disturbance. The second; emotional engagement is
exemplified when there is clear interest shown and a feeling of belonging. Finally, cognitive
engagement is linked to a student’s specific learning and their enjoyment of studying and

further academic challenge (Fredricks et al., 2004).

There is a wide variation when it comes to defining student engagement amongst well cited
authors with a different emphasis depending on their role and speciality. Coates, (2005)

discusses the link between quality assurance and student engagement, highlighting that as
well as considering the teaching, how specifically involved students are at university should
be factored in when determining the quality of an institution. The QAA continued this theme

(QAA, 2018) and discusses student engagement as a strategic goal providing an assurance
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of the quality of the provision and their student experience. The Office for Students three-
year strategy for 2025-28 (OfS, 2025) has student engagement at its centre but has divided
it into three strands which link to their strategic regulatory work rather than individual student
engagement as described in Fredricks et al., (2004). The acknowledged benefits of student
engagement vary in the literature, with learning specifically emphasised in some cases (Chi
& Wylie, 2014) whilst in others, it can be considered via general retention of students on a
course at a university (Thomas et al., 2021). The wide range of discussions relating to
different interpretations of student engagement makes it harder to have a recognised

definition.

A large study (Kuh et al., 2008) looking at a sample of approximately 6000 students across
18 colleges and universities in the USA found that academic achievement and persistence to
continue their studies was better in students with higher levels of (self-reported)
engagement. Within the article, they considered the time students spent studying, the time
they spent on co-curricular activities and finally their responses to a national student survey
(NSSE, 2021) as a defined representation of student engagement. Krause, (2005) argues
there is evidence that engagement can be encouraged and fostered in individual students
through teaching, learning communities and institutional policies. She highlights that the
term student engagement can encompass many behaviours, but it is a concept that needs to
acknowledge the different circumstances and commitments that students may have.
Although a student’s situation and background have been found to have an impact on
engagement, it can be improved upon and is not pre-determined (Hu & Kuh, 2002; Krause,
2005).

Whilst trying to determine a definition for student engagement, it was noted that although
there is a plethora of literature where student engagement is written about, there is a
noticeable lack of direct student involvement in the published research (Trowler, 2010). This
absence of the authentic student voice will be taken into consideration and discussed further

when planning the methodology to answer the research questions in this thesis.

There is an acknowledged variety of definitions and focal points for student engagement
within the literature. However, as this thesis is specifically concerned with engagement in
teaching and learning, for the purpose of this study, student engagement will be defined
within the narrower terms specifically linked to the cognitive dimension of engagement and

so is considered as:

e Astudent’s direct engagement with their academic study to improve their learning,

understanding and application.
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The context of this definition highlights a student’s individual influence on their own learning.
It correlates well with the philosophy of constructivism. The philosophical worldview of this

thesis is discussed in more detail in chapter 3 (section 3.2).

2.1.2 Student terms - Student Motivation

Motivation and the theories behind what drives this feeling have been researched over many
years (see e.g. Ames & Archer, 1988) with evidence highlighting that motivation can develop
and vary depending on the learning environment (Schunk et al., 2014). A definition of
motivation is offered as “the process whereby goal- directed activities are instigated and

sustained” (Schunk et al., 2014 page 5).

Motivation can be complex with multiple factors involved, it can be discussed as extrinsic or
intrinsic (Ryan & Deci, 2000) whereby intrinsic motivation involves a personal satisfaction
and enjoyment from being involved and engaged in an activity and extrinsic motivation is
linked to more external rather than internal personal factors, for example, payment
associated with the activity or improved social status. There are five main theories regarding
human motivation with some overlapping themes between them (Cook & Artino, 2016) and is
a prevalent area of study across multiple branches of psychology. However, in the context of

this thesis, student motivation is considered as:

e The drive students have to participate in learning and strive for academic success
which may encompass both intrinsic and extrinsic components which can be different

for different students.

2.1.3 Student terms - Student Attainment

Attainment in higher education is part of the highly monitored success stage of the student
journey and considers the academic outcomes achieved by students (OfS, 2024). This term
is linked to a national scale of final degree outcomes. Any gaps that may be present as a
consequence of different student characteristics or demographics and any possible
modifiable reasons behind that, are considered at a national level as part of the Office for
Students work. Historically, grading students was a way of communicating the level of their
submitted work with a relevantly standardised system which is recognised and comparable
both within an institution as externally across a country (Schneider & Hutt, 2014). With
globalisation, an internationally recognised system becomes more attractive at the higher
education level with the Grade Point Average (GPA) system giving a clearer picture across
the student’s whole degree and acknowledged as a prudent option within the UK’s Teaching

Excellence Framework (Department for Business, Innovation and Skills, 2016).

Research into attainment has highlighted that multiple factors can impact on it. A meta-

analysis looking specifically at tertiary education (Richardson et al., 2012) highlighted that
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cognitive factors like prior attainment as well as non-intellectual factors like student

motivation and learning strategies influenced students’ final GPA.

York et al., (2015) conducted a literature review to investigate the wider term of academic
success (rather than student attainment) and found that it encompassed more than just
reported academic achievement but also the acquisition of skills, persistence with their
programme of study and satisfaction of the overall experience. These were also considered
important and relevant to what was deemed academic success. Further discussions of how
overarching “success” is defined are present in the literature, with academic marks being
only part of the story highlighted again. Non- academic evidence is perceived by students,
future employers and the public as having value. Recent research from a qualitative study
involving three focus groups of undergraduate psychology students at a UK university
highlighted that attainment should be considered as more than just academic grades.
Cachia et al., (2018) found that students want to continue their success following university
with employability skills and work experience being seen as just as important as the
knowledge and grades gained at university. Some of this group’s more recent research,
(Lynam et al., 2024) continued to focus on the student voice rather than the educators’
thoughts in this area. They found that students explained coping well with the workload,
meeting their own personal goals and financial stability were important in their overarching

view of academic success.

In the context of this study, it is acknowledged that the relevance of final overarching degree
attainment is less relevant. As a consequence of the focus on chemistry being within a non-
major degree, results of individual tests will be more relevant in this context than overarching
degree classification (or possibly subject specific i.e. chemistry prior qualification). As a

result, for the purpose of this thesis, attainment is defined as:

¢ The graded outcome for a recognised formative or summative assessment at the

relevant level of study.

2.1.3.1 Links between engagement, motivation and attainment
With regard to the terms, motivation and engagement, they are both important when it

comes to student learning. Whilst they have been researched separately with different
theories and models linked to them, each tends not to exist without the other as they are
closely related concepts. Martin et al., (2017) argued that motivation can be considered a
student’s internal drive to study whereas engagement can be considered the behaviours that

a student displays in the classroom setting.

Attainment, engagement and motivation can be considered closely related to one another

and although they do influence each other, they are not synonymous. Engagement can be
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observed within a teaching setting when a student is actively participating in the class. A
student’s motivation, depending on personality, may not be so obvious. Being engaged and
motivated does not guarantee high attainment. Steinmayr & Spinath, (2009) looked at 342
high school students and investigated factors influencing achievement. They did identify
motivation as a potential predictor of how academically successful a student can be, but

underlying cognitive ability was a stronger predictor of this.

John Hattie, a researcher who has investigated what both positively and negatively
influences student achievement found many influential factors (Hattie, 2009). These
included the skill of the teachers, specific teaching methods which promote a deep
understanding of the subject as well as student self-efficacy and reflection all had a

significant impact on improving achievement.

Although there is evidence that engagement and motivation can positively shape students’
success, attainment is such a multi-factorial construct (OfS, 2022), it is incorrect to assume
that being motivated and engaged will automatically result in high attainment in a subject.
As stated, the way a subject is taught and presented to students has an impact on their

interaction with it and leads onto the importance of the additional concepts discussed below.

2.1.4 Integration

The term integration is used in the higher education context to demonstrate the co-ordination
and connectedness of various aspects that influence learning and attainment. These include
the provision of support services, timetable and transport planning as well as the specific
learning and teaching elements (Tinto, 2012), with the general aim to promote and improve

retention.

In terms of teaching and learning, considering integration within a curriculum is most relevant
for this thesis. There are many articles describing methods of integration being used within
a curriculum but there is no universally accepted definition. Kerr et al., (2020) conducted a
review looking at published studies discussing integrated curricula across a range of health
care professional programmes. These studies employed a range of innovative learning
approaches to achieve integration, however there was limited evidence of their
effectiveness. Whilst most reported positive outcomes, there was a lack of substantive
evidence showing consistent improvements in knowledge or skills acquisition which may be

influenced by a relative lack of comparative or longitudinal studies.

In the context of this thesis, the definition of integration given by Kerr following her extensive

scoping review will be used (Kerr et al., 2020).
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o ltis a “multi-faceted term describing a curriculum design which may be defined by
model (horizontal, vertical, spiral), theme (systems-based, stages of life, topic, cross-
cutting theme) and integrative teaching and learning approach (problem-based, case-
based, experiential, enquiry-based, team-based learning, inter-professional

education) and level of integration” (Kerr et al., 2020 page 13).

Whilst the above definition does encompass a wide range of elements, this thesis is focused
on the skills that integration aims to develop. By teaching a combination of topics together,
students can be encouraged to identify connections between them. This may promote

synthesis of new ideas and deeper understanding (Sun et al., 2023).

It is noted that most of the literature does not discuss any impact the teacher has on student
development. A recent publication (Micallef, 2025) highlights the importance of the lecturer’s
approach rather than topic combinations alone which can build these skills (Micallef, 2025).
This thesis will consider whether a curriculum design centred on integration promotes the
development of consistently thinking in an integrative manner in addition to a novel teaching

approach.

Whilst Kerr’s statement provides an excellent strategic definition, it is also important to
consider how integration can be described at an operational level when thinking about
teaching interventions and how to explain to students that ‘thinking integratively’ is important.
Mawdsley & Willis, (2019) conducted a series of focus groups with pharmacy students at the
University of Manchester which explored their thoughts on how they experienced the
curriculum and a definition was provided to ensure students fully understood what was being
discussed. This definition of integration will be adhered to in this thesis when considering
integration at an operational level: “integration is when connections are made across
different modules or subject areas of the pharmacy course” (Mawdsley & Willis, 2019 page
452).

Levels of integration in relation to curriculum design are also important to consider. As this is
a UK based study, it is deemed appropriate to adhere to the GPhC'’s integration guidance
that corresponds to Harden’s ladder (Harden, 2000) which is described in more detail in

Chapter 1 (figure 4 and section 1.6.1).

2.1.5 Contextualisation

Chemistry is the science which underpins many of the important principles relevant to
pharmacy. It has been discussed in an earlier chapter that some students can find some
aspects of chemistry challenging to learn. Teaching methods and theories take into
consideration what may be done to support students with their learning with

contextualisation being a recognised area of research with a supported evidence-based
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rationale towards its use. Gilbert's seminal paper (Gilbert, 2006) addresses this potential
learning challenge and explores how ‘context’ as a concept can have a positive impact on
learning. He presents four models to be used within teaching which are illustrated in figure 7

below with suggested examples to provide further understanding of each model.

Gilbert acknowledges that the meaning of context within teaching can be interpreted and
delivered in different ways so critically discusses his four described generic models. Each
model builds on the level and diversity of context. Model 4 was considered the preferred
model as it combines both a relevant physical setting or situation with relevant context which
impacts the students and the communities around them. It is noted however that this paper
did not provide any evidence of comparing these models in a teaching setting and that the
effectiveness of each model had not been directly evaluated. Since its publication,
contextualised teaching approaches have been designed and delivered at a higher
education level, with their impact being evaluated and published. Published literature which
is relevant to the contextualised delivery of chemistry on pharmacy programmes will be

discussed later in this chapter (section 2.4.3).

Example setting : the home

Eg Identifying what items in the home or acidic or
alkaline. This model does not provide further
understanding and is often introduced after teaching
the concept.

Context as physical

setting

Example application : metal corrosion

Context as use or This model allows discussion of a problem that is

solved by chemistry, but the students may not value the
setting example.

application

Context as starting Example: Pollution in water

point

The model would start teaching with a narrative of
‘Why?' It helps the students then engage with
identifying the answer.

Context as social-
cultural issue Example: Science research for vaccines

. This model emphasizes that chemistry is embedded in
everyday life and its cultural importance.

\

Figure 7- Diagram to illustrate Gilbert’s four models on the concept of context in chemistry
teaching (Gilbert, 2006)

It is acknowledged that Gilbert’s article does not link explicitly to healthcare. Within
pharmacy teaching, providing context through real life examples is insufficient as clear
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connections to health-related issues matters should be incorporated. Specifically in
healthcare education, contextualisation is a way of addressing any gap between science and
clinical knowledge. The combination of science and practice contents was established in
medical education following the Flexner report (Flexner, 1910) initially highlighting the
importance of standardising curricula and incorporating science and medicine topics.
However, it did not convey clearly the need for contextualisation (Finnerty et al., 2010)
meaning the role and value of underpinning science to clinical teaching needed to be
realigned and clearly articulated since its implementation. Medical educators in both the US
and Asia have highlighted their concerns with the presentation of science in the curriculum.
Gwee et al., (2010) reported students have poor retention of knowledge and understanding
of concepts when context is not clearly provided, recommending that the role of science
should be made clearer and specifically how it links to diagnostic and therapeutic decisions.
Incorporating science teaching with a clear context can help students work towards

independently being able to make justifiable clinical decisions (Pangaro, 2010).
Within this thesis, contextualisation is defined as:

e The use of ‘real-life’ and relevant health- related examples within teaching to

establish clear connections to chemical concepts.

This allows students to understand the reasons why a concept is important to them and their

learning.

2.1.6 The links between integration, contextualisation and relevance

Both integration and contextualisation are important terms but are considered distinct.
Integration refers to specifically combining both science and practice in learning and
teaching activities whereas contextualisation supports the learner by describing the concept
using a real-life example intended to resonate with them. This may or may not be related to
clinical or pharmacy practice. This is especially relevant to the science (in this case
chemistry) taught within a health care programme as using health-related examples will be
most relevant for students in this area. Integration and contextualisation are recognised as
valued approaches to teaching chemistry in a way that helps them learn and understand a
topic or concept. Students can directly appreciate why it is important and relevant to the
tasks they may encounter in their future career (Fergus & Kostrzewski, 2011; Hall & Allman,
2020). These approaches can encourage the development of application of new knowledge,

either in relation to a real world context or by connecting concepts.

Relevance is also an important key concept within this thesis as it informs the conceptual
framework. These three concepts interconnect to allow students to problem solve complex

clinical issues. How students construct their knowledge and understanding is influenced by
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experiences and prior knowledge (Hodson & Hodson, 1998). There is not an objective
reality (Bodner, 1986). Whilst integration combines topics from different subject areas,
contextualisation helps to place this information within a meaningful real world setting. Both
these concepts need to consider relevance, in terms of the setting but also when
distinguishing which is most important. Recognising and utilising these concepts when
planning teaching helps to facilitate the development of higher order thinking skills. Students
can learn to connect and interpret information, and it may enhance their development of
problem solving skills (Bretz, 2001). These concepts highlight that knowledge is being
actively constructed by the students rather than passively acquired. This learning is
individual and is linked to a student’s other experiences and earlier learning (Hodson &
Hodson, 1998).

The principles discussed in relation to contextualisation and integration have been utilised in
several teaching interventions with examples available in published literature. Examples of
relevant teaching interventions where these principles are incorporated and discussed are

presented in section 2.4.3.

2.1.7 Active learning
Now a commonly used term in teaching, the principles behind active learning are

underpinned by some key education theories presented by psychologists from across the

globe.

Lev Vygotsky, a Russian psychologist who carried out his research in the 1920’s and 1930’s
(Kozulin, 2003) argued that social interaction is crucial for learning and for the development
of thinking and problem-solving skills. He developed the concept of the zone of proximal
development (ZPD) which represents the gap between what a learner may understand and
achieve on their own, compared to the higher, more complex tasks they would be able to
achieve with support from a more knowledgeable person (Eun, 2019). This concept
highlights the emphasis that Vygotsky placed on active learning with and from peers and

teachers as part of human cognitive development (Vygotsky, 1978).

Jean Piaget, a biologist and psychologist, researched child development and how thinking
and understanding emerges (Huitt & Hummel, 2003). The overarching philosophy presented
was that children need to learn through experimentation within their own natural
environments, interacting with other children and with teachers facilitating this rather than

solely providing new information (Huitt & Hummel, 2003).

These theories have the same underlying principles, where students need to be active
participants rather than passive empty vessels listening to new information. In addition,

these concepts, where social interactions are required for learning as well as the need for
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active construction of this new knowledge, are grounded in the philosophy of constructivism
(Bodner, 1986). Constructivism is discussed further in terms of a theoretical framework for

the thesis in chapter 3.

Using Piaget’'s and Vygotsky’s ideas as his starting point, Bruner investigated cognitive
psychology further (Bruner, 1960), discussing the processing models of the brain and
focusing on constructing new knowledge through student centred approaches. He
supported Piaget’s philosophy of learning by experience and Vysotsky’s philosophy on the
social nature of learning as well as the requirement for a student’s active involvement.
(Information processing models as well as Bruner’s spiral curriculum have previously been

discussed in chapter 1, section 1.2.2 and 1.6.2)

Bonwell & Eison, (1991), a US report, explained that actively engaging students may help
them to learn. It encouraged the use of active learning within the classroom, advocating that
change was needed to move away from the traditional didactic lecture to a more interactive
teaching environment. They conclude with the benefits and potential better outcomes
associated with active learning, calling for further research in this area of learning and

teaching to provide greater evidence.

Active learning continues to be discussed by academics with studies highlighting the positive
effects on the students learning, however there is no standard definition for this concept. A

systematic literature review has been conducted to specifically identify a definition for ‘active
learning’ as a term (Doolittle et al., 2023). Based on their research and analysis, the authors

suggest the following definition:

“active learning is a student centred approach to the construction of knowledge focused on

activities and strategies that foster higher-order thinking” (Doolittle et al., 2023 page 1).
This will be considered the correct definition in this thesis.

Like some of the terms already discussed, the simplicity of the description can be a barrier.
Without an internationally recognised definition for specific teaching approaches, more detail
is required in published studies. In order to be meaningful, information is specifically
required in terms of which methods were used for active learning by teachers in an
educational setting and if these methods lead to a significant and measurable benefit for
students when compared to the more traditional teaching methods. This will allow these

methods to be reproduced and evaluated to provide further relevant evidence.
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2.1.8 Meaningful learning
The importance of understanding as an element of the learning process is a significant part
of this thesis. Thus, meaningful learning as an approach, as opposed to rote learning with

memorisation, needs to be defined.

The educational psychologist, Ausubel used the phrase “meaningful learning” in the 1960’s
to describe a constructive and effective way to learn (Bryce & Blown, 2024). He proposed
that new learning material needs to be clearly presented and organised as well as linking to
the student’s own prior knowledge which will help anchor the new information. The student
needs to be actively involved and seek to link this new knowledge to their own existing
knowledge to fully understand the context, thus making it meaningful. More recently, work
done by the educator Joesph Novak (Novak, 2002) supported Ausubel’s theory of how
knowledge is assimilated, highlighting the differences from rote learning. He explained the
importance of relevance for this new information and the need for it to relate to existing
knowledge and importantly the need for the student to choose to actively engage with this
new learning. Ausubel’s initial work laid foundations for the philosophy of constructivism,
with Novak’s explicitly linking to it. Both highlighted that learners are processing new
information by actively constructing and organising it with their own individual previous

knowledge and experiences.

The principles of the educational philosophy of Piaget and Vygotsky also continue to be
relevant here as participation and active positive engagement from students can result in

meaningful learning (Huitt & Hummel, 2003; Kozulin, 2003).

The concept of meaningful learning was much respected once published, with educators
welcoming the term, including the distinguished US chemistry education Professor Bretz.
(Bretz, 2001) explained the key components of Novak’s theory and encouraged further
chemistry education research using this theory driven framework as a fundamental part of

the design.

For the purposes of this thesis, meaningful learning can be defined using extracts from one
of Novak’s books. Although he does not provide a specific definition, he describes it in detalil

in one of its chapters. Using this as the basis, the definition is:

“Meaningful learning results when the learner chooses to relate new information to ideas the
learner already knows. It requires (i) well organised and relevant concepts and propositions
held by the learner, (ii) materials that are rich in concepts and meanings (iii) a learner’s

desire to integrate new knowledge with prior knowledge (Novak, 2010 p 43 and 44).”
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Through his continuing research, Novak investigated tools which may assist students with

meaningful learning, publishing pioneering work on concept maps and how these can be

constructed to support meaningful learning (Novak & Cafias, 2006). He also considered

learning theory and the use of concept mapping in the context of teaching chemistry (Novak,

1984). As the concept of meaningful learning involves the construction of knowledge, it is

underpinned by the theoretical framework of constructivism which is discussed further in

chapter 3.

2.1.9 Summary of term definitions

Following the discussion and defining of terms, a summary is provided in table 2 for ease

and clarity for the reader.

Table 2 — Summary of defined terms

Term Confirmed definition for this thesis
Student A student’s commitment to their academic study in order to improve their
learning, understanding and application.
Engagement g g PP
Student This is considered the drive students have to participate in learning and
- strive for academic success
Motivation
Student This is the academic result for a recognised formative or summative
. assessment at the relevant level of study.
Attainment
Integration This is a “multi-faceted term describing a curriculum design which may be
(strategic defined by model (horizontal, vertical, spiral), theme (systems-based, stages
g of life, topic, cross-cutting theme) and integrative teaching and learning
definition) approach (problem-based, case-based, experiential, enquiry-based, team-
based learning, inter-professional education) and level of integration” (Kerr
etal., 2020 page 13)
Integration “integration is when connections are made across different modules or

(operational

definition)

subject areas of the pharmacy course” (Mawdsley & Willis, 2019 page 452).

Contextualisation

The use of ‘real-life’ and relevant health- related examples within teaching to
establish clear connections to chemical concepts.

Active learning

“Active learning is a student centred approach to the construction of
knowledge focused on activities and strategies that foster higher-order
thinking”(Doolittle et al., 2023 page 1).

Meaningful

learning

Meaningful learning results when the learner chooses to relate new
information to ideas the learner already knows. It requires (i) well organised
and relevant concepts and propositions held by the learner, (ii) materials that
arerich in concepts and meanings (iii) a learner’s desire to integrate new
knowledge with prior knowledge (Novak, 2010 p 43 and 44)
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2.2 Literature search for relevant published articles
The second strand of this chapter is a narrative literature review investigating the relevant

themes linked to the thesis research questions. Published studies within the higher
education settings were sought, reviewed and critiqued for presentation in this chapter.
Three databases were selected to inform the literature review (Education Research
Complete, Scopus and ERIC). This combination was selected due to the extensive range of
literature and resources they could provide, the wide scope of both education focused
material as well as material linked to multiple disciplines like science and pharmacy. In
addition to searching electronic databases, a second strategy of citation searching of articles
read was also carried out to find further literature. Both these tasks helped to ensure a

thorough and comprehensive literature review.

The searches were refined so that only articles published in English were reviewed as well
as experiences only pertaining to higher education settings. It also specifically looked at
research carried out within pharmacy degree programmes as a non-chemistry major degree.
In terms of relevant countries, the variety of roles that pharmacists play across the globe
were considered. The clinical expertise and role as part of the multi-disciplinary team are
considered similar in the US, Canada and Australia when compared to the UK. Because of
this and the previous review of national educational standards, the aim of undergraduate
programmes can be considered similar and so the reviewed studies were restricted to these
countries. (The educational standards for these countries have already been discussed in

chapter 1, section 1.5)

2.3 Themes of the literature review
The review of the literature was focused on three main themes which were explored in detail

to gain a deeper insight into the subject area. These were:

1) the perceptions of students on learning within their degree, namely chemistry within non

chemistry major (pharmacy) degrees

2) the perceptions of academic staff teaching chemistry within non chemistry major

(pharmacy) degrees

3) teaching intervention examples supporting pharmacy students to learn chemistry with
understanding and application for the professional healthcare environments they will work in

as pharmacists.

A range of synonyms were used when searching databases as it was recognised that
multiple words could be used to cover this topic. For example: when looking for articles

related to theme 1 and 2, academics, professors, educators, students, staff, lecturers, faculty
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were used; perceptions, thoughts, perspectives, views and opinions were also used. When
looking for relevant articles linked to theme 3, active learning, meaningful learning,
integrated learning, problem based, case based, context based, collaborative, discovery,
team-based and application-based learning in both chemistry and pharmacy were used as

search terms.

2.4 Summary and critical review of the literature discussed under each theme
Relevant articles for each of the three identified themes will be discussed under each

subheading.

2.4.1 Student perceptions

A range of articles were identified which explored pharmacy students’ perceptions in the
relevant area. Some papers explored students’ opinions of chemistry and science within the
pharmacy degree in general, whilst others sought their opinion on a newly implemented
teaching session or approach. To adhere to the identified theme and the overarching
intention of this doctoral study, only papers that specifically referred to the chemistry content

in the teaching and learning of pharmacy are reviewed and critiqued here.

During the expansion and clarification of pharmacists’ role in the UK in the early 2000’s,
several studies were conducted during the transition period. The student focused research
that was conducted explored student perceptions and opinions on curriculum content and
delivery. Areport published by Wilson et al.,( 2005) looked at the differences in curriculum,
teaching styles and assessments at 16 schools of pharmacy in the academic year 2003 to
2004. As part of the project, students across the 16 schools were invited to take part via
questionnaire. In total, 741 final year MPharm students across these schools participated
and answered questions on several issues including the science content of the degree.
Over one third of the students felt that there was too much science in the course. On the
subject of practicals, just under 30% felt that practicals in pharmaceutics, pharmacology and
medicinal chemistry were the 'least useful' whereas 92% felt that clinical and dispensing

classes were useful.

A further study by this UK research group, (Jesson et al., 2006), used focus group interviews
with 44 students participating from over nine Schools of Pharmacy, to explore how students
felt about the balance between science and practice within their degrees. They found that
students perceived the emphasis on science, specifically in the earlier years, to be high.
Students often appreciated the need for this underpinning science in their later years but did
not initially recognise this. The authors concluded that paying particular attention to the
sequencing of teaching and integration of science and practice elements may enhance

students' understanding of materials as well as overall engagement.
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It is noted that this research was published prior to implementation and development of the
new educational standards and associated MPharm programme (GPhC, 2011, 2021) so
reflects the earlier, more traditional pharmacy curriculum. The research helped to inform the
development and implementation of the newer standards and a more integrated approach to

pharmacy teaching nationally.

Following the implementation of the GPhC 2011 educational standards (GPhC, 2011),
Prescott et al., (2014) investigated pharmacy students’ perceptions on the relevance of
certain subjects taught in their degree, towards their future career. A total of 254 students
participated in questionnaire completion at a single UK institution. The authors found that,
although students stated that chemistry (and biology) were important, those in the later year
groups thought chemistry less relevant than those in earlier year groups. They suggested
those students who did not recognise the relevance of a subject tended to be less engaged
with it and continued to highlight the importance of integration of science and practice early

on in the curriculum.

A study at a different UK institution, (Smith et al., 2017), looked at students’ perspectives of
the chemistry content in their pharmacy degree, how relevant they felt it was for their future
professional role (as well as teaching support provided through the university’s virtual
learning environment (VLE)). A total of 122 responses were received following distribution of
the online questionnaire. The majority of students recognised the importance of chemistry
but rated both chemistry and biology modules as less enjoyable than pharmacy practice
modules. It was also found that prior attainment and experience in chemistry at secondary
school level did not appear to influence students’ perception of chemistry at a university
level. The study concluded that the further support materials provided by the VLE with a

contextualised approach would be welcomed by the students.

Several articles were identified that discussed the approaches taken to teaching chemistry
within the degree programme as opposed to only considering the subject areas and explored

students’ thoughts on these approaches.

A three-year longitudinal study at one US institution (Alsharif & Qi, 2014) investigated how
the attitude, enthusiasm and teaching style of the medicinal chemistry lecturers influenced
pharmacy students’ perceptions. They found that this positively impacted on the motivation
and vitality of students (with a total of 472 students participating in the study). Whilst
providing interesting data, this study did not specifically continue the link to any changes to a
students’ ability to apply this underpinning knowledge to clinical problem solving. However a
later study by the same research group, (Alsharif et al., 2016), looked further into clinical

skills development from the underpinning medicinal chemistry teaching. Following
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completion of a pharmacy skills laboratory, a total of 121 students reflected on their
performance and completed a questionnaire which showed self-efficacy scores improved
after the medicinal chemistry teaching. However, it is acknowledged that this may not

equate to overall improvement in academic performance.

Islam & Schweiger, (2015) developed and delivered an integrated course with the PharmD
programme at one US institution, specifically integrating medicinal chemistry, pharmacology
and pharmacotherapeutics. They aligned the teaching with organ systems and associated
diseases. Following its implementation, they evaluated their students’ perceptions of this
integrated approach. A total of 169 students responded with the majority of the students
responding positively to this integrated approach, but with the more senior year group having
a statistically significant higher positive response rate when compared to the lower year
group. This suggests that students appreciate the clinical links to practice more as they

progress through the programme and develop a deeper understanding.

Austin et al., (2020) acknowledged that although an integrated approach brings the
opportunity to understand and apply this knowledge to practice, students can also find this
challenging. They developed a range of enrichment activities at their US institution to
support students’ integrated learning and help them make connections between the
disciplines. The survey of participating students, (116 in total), showed that they felt their
confidence had improved as well as metacognition skills. However, it is noted that
participation in these enrichment sessions was voluntary so these may have already been

high attaining students.

Most studies exploring perceptions that were reviewed did not look at achievement, although
a study by Gupta et al., (2021) explored both the students’ perceptions of the use of active
learning methods in medicinal chemistry as well as academic performance in US national
pharmacy assessments. The study found that students who were performing well in the
active learning tasks went on to perform well in the national pharmacy assessments.
Students agreed that the active learning methods used were useful for their learning.
However, it is noted that other possible confounding factors were not controlled or
considered, for example prior attainment or motivation within the group. Although there is
clear correlation between active learning and academic performance here, it does not

necessarily mean there is causation.

Integrated curricula are regularly discussed in the pharmacy literature, but it had not been
clear how students experience it until Mawdsley & Willis, (2019) investigated this at a UK
institution. A total of 51 students participated (in eight focus groups) to explain their lived

experiences of studying on an integrated programme. They understood that teaching was
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horizontally integrated and appreciated when integration was made explicit by their lecturers.
They still found integrated assessments challenging and the authors concluded there needs
to be further work to ensure teaching fully aligns with assessments that can test higher order

integrated thinking.

Finally, there were a range of papers reviewed that explained innovative and novel methods
used to teach chemistry during the pharmacy degree and students’ perceptions were sought

following their implementation.

These examples included the development of a virtual escape room (Barrickman et al.,
2023) to teach cardiology knowledge and skills, a 3D modelling workshop to help students
understand drugs and receptor interactions (S. Hall et al., 2017), a series of team based
multidisciplinary workshops (Kolluru et al., 2012) and integrated case-based teaching of
medicinal chemistry (Das et al., 2018). Analysis of students’ perceptions in these examples
found that students generally enjoyed these sessions, were more engaged and thought they
were effective in supporting them learn the concepts. It is not unexpected that students
would enjoy new and possibly more interesting methods of teaching when compared to
standard lectures and workshops. It is unclear whether their implementation has an impact
on future application of knowledge and a deeper understanding as the evaluation considered
student perceptions rather than learning gains, however the teaching approaches do align

with active and meaningful learning principles discussed in section 2.1.

It is acknowledged that these studies have not provided any insight into whether there is an
improvement in abilities or attainment, but these were outside the scope of this theme. One
aim of underpinning chemistry knowledge is to deepen students’ understanding, using this to
build on their problem solving and decision-making skills. It is unclear whether students fully
appreciate this is what the pharmacy degree programme is trying to achieve and is an area
that should be explored in more detail. The articles that have discussed student perceptions
here have taken a variety of data collection approaches with either questionnaires, focus
groups or interviews being utilised. Whilst the benefits of questionnaires need to be
acknowledged in terms of number of respondents, the ability to retrieve rich qualitative
information when using in depth focus groups and interviews need to be considered
(Denscombe, 2017). The benefits and drawbacks of these data collection methods will be

reflected on in chapter 3 when planning the research in this doctoral study.

2.4.2 Staff perceptions
Following the literature search, there were few published articles identified that directly
related to educators’ opinions on teaching chemistry within non-chemistry major degrees. It

was also found that articles in this theme were primarily investigating other aspects, for
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example, students’ perspectives, and inclusion of staff opinions involved in delivery or
preparation of the teaching was included to provide some further insight. It should be noted
that studies which focused solely on staff perspectives of aspects such as student
professionalism or types of teaching in general were excluded if they did not specifically

relate to the teaching of chemistry with the pharmacy degree.

Roche et al., (2000) explored the chemistry content of pharmacy programmes in the US via
a survey which received responses from 33 schools of pharmacy. Part of this survey also
explored academic staff attitudes towards the chemistry in their pharmacy programmes. In
terms of themes identified, respondents discussed chemistry as a strong foundation for
therapeutic decision making and they felt it also helped teach skills like problem solving and
critical thinking. They acknowledged the importance of how chemistry should be taught; in
terms of relevance as well as active learning approaches like case-based learning. It is
noted that this survey took place in 1997 to 1998 and pharmacy programmes, as well as the

role of pharmacists have changed significantly since then.

A further study by Henriksen & Roche, (2012) included clinical colleagues in the design and
delivery of medicinal chemistry modules at their US institution to provide a more integrated
approach. In terms of opinions on this teaching, the article primarily focused on the students’
experience of the learning, but staff opinions were also sought. Three teaching staff who
had a clinical background and were involved in supporting the interdisciplinary approach of
these modules provided their opinion via a survey. There was not a full consensus on how
beneficial these teaching reforms were, with 2 staff members agreeing that clinical relevance
of medicinal chemistry was reinforced by their involvement, and one stating they were
unsure of this. Whilst these survey results may provide some interesting insights from the
staff, the very small number and lack of detail provided in this small section of their research

means that there is still further evidence required.

In a similar way to Henriksen & Roche (2012), Das et al., (2018) explored the introduction of
medicinal chemistry case-based learning within the PharmD programme at a US institution.
Whilst the majority of the research was analysis from a survey on students’ perceptions, they
did also seek the opinions of three post qualified pharmacists, one of whom was an
academic. The responses were positive, specifically highlighting the real-world application
of the cases and the support they could provide in learning how to make and justify
therapeutic decisions. Whilst this provides some interesting insights, the very small number
of participants and lack of a clear and robust methodology for this small section of their
research suggests that this is an area that is worthy of further exploration given the identified

gap in the literature.
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Due to the paucity of relevant articles on staff perspectives, a paper outside the specified
geographical area was reviewed and included. Although it is based on pharmacy academic
staff in South Africa, the paper by Singh et al., (2020) is pertinent to this thesis as it
considered staff perceptions on the knowledge, skills and overarching qualities gained by
pharmacy students during their studies. Six academic staff members of the pharmacy team
were interviewed, one of whom worked within the discipline of pharmaceutical chemistry. All
staff stated that they thought the ability to apply knowledge from across the disciplines to
practical situations once qualified was an important graduate attribute. When compared to
the qualification of pharmacy in the UK, South Africa requires completion of a bachelor's
degree of pharmacy followed by a one-year internship. The degree is regulated nationally
and has educational standards to adhere to which require students to have a strong
knowledge base in science (Council of Higher Education, 2022) in addition to developing
clinical skills. However, the clinical role of pharmacists in South Africa is not yet as

developed as the profession in the UK (Crafford et al., 2023).

An article which specifically discussed educators’ thoughts on the structure of a pharmacy
curriculum was reviewed and included as it considered how science (including chemistry)
and practice material is presented and taught to pharmacy students. The impact and the
interpretation of an integrated curriculum and how this was perceived by educators was
explored by Mawdsley & Willis, (2018) at a specific UK institution. Whilst there are many
published articles about taking an integrated approach, this was the only article found which
specifically discussed the approach directly with the members of staff who would be
delivering the curriculum. Eight staff members were interviewed from a range of disciplines
in a UK school of pharmacy. It stressed the range of understanding shown by staff and
highlighted the risk that having no recognised definition of ‘integration’ brings. It also
emphasised some of the tensions felt from an integrated approach by some of the science
staff; “some of my colleagues [are] very against integration. They think it is downgrading the
science” (Mawdsley & Willis, (2018) p377). It called for a clearer alignment of the design
ensuring the implementation of fully integrated assessments to allow students to
demonstrate the higher order thinking skills they have developed through the integrated

approach.

From this literature search, it is clear that gathering academic staff opinions is an
insufficiently explored area of research. Learning from their lived experience can add a

further valuable dimension to pedagogical research.

It is acknowledged that in order to gain rich qualitative data when exploring attitudes, data

collection methods like focus groups and interviews are well respected. Although
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questionnaires can allow for a higher number of participants when there are time constraints,
the depth of the qualitative data when compared to interviews is considerably less. Given
the small numbers of relevant academic staff (when compared to the number of
undergraduate students), the use of interviews seems the most suitable research method to
use to fully explore perceptions in this area. Although the use of surveys can be time
efficient (and has been used in some of the papers discussed), interviewing individual staff is
possible as part of this doctoral study and is considered more suitable for this type of data
(Smith, 2010). Suitable methods for data collection will be discussed further and justified in

chapter 3.

2.4.3 Teaching interventions

During the literature searches, several examples of teaching approaches to engage the
students with chemistry teaching in higher education which clearly embed concept
understanding were found, but the narrower scope of this theme was adhered to, with
papers referring explicitly to chemistry teaching with the context of pharmacy programmes
only being reviewed. In line with the theme, teaching interventions which specifically looked
at application of knowledge within a pharmacy context utilising this underpinning science are
discussed and critiqued in this section. Subheadings have been used to separate and

categorise the types of intervention reviewed.

2.4.3.1 Teaching Interventions specifically starting in the first year of study
It has been argued that an integrated curriculum approach for pharmacy programmes is

beneficial from the start of the programme rather than front loading a science foundation
(Winch & Clarke, 2003). When the concept of integration is introduced later, there is a risk
that students do not appreciate the relevance of the teaching and so do not engage with it as
well as hoped (Prescott et al., 2014; Smith et al., 2017). Several authors were found to have
addressed the challenge of relevant teaching from year one and designed teaching
approaches to overcome this issue. Brown et al., (2009) recognised this concern and had
noticed their students struggled to make the connections between their foundational science
teaching and clinical pharmacy. Working together with both practice and science
academics, they set up volunteer patient cases and students were required research
aspects of their disease and treatments in an integrated way. Students then presented this
work at the end of the year. The authors found this helped to foster integrated thinking skills
and encouraged them to make connections and appreciate the relevance of all their

subjects. However, it is not clear if overall competence in the subject was improved.

A strong foundation in the early years is imperative but there are examples of teaching which
demonstrate a clear link between science and practice as well as embedding concepts.

(Trippier, 2018) used a “molecule of the month” initiative to help his students link the
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concepts taught in organic chemistry to drug molecules and their mode of action. This
allowed students to deepen their understanding and provided relevant clinical context at an
early stage of their degree. Those who participated in this voluntary activity scored higher

on the final module assessment when compared to those who did not.

2.4.3.2 Teaching interventions with medicinal chemistry as their starting point
A well-established research group based at Crieghton University in the USA have

researched medicinal chemistry within pharmacy and PharmD programmes for many years,
introducing Structurally- Based Therapeutic Evaluation of drugs as early as the 1990’s
(Alsharif et al., 1997, 1999) to encourage students to include their medicinal chemistry
knowledge when making clinical decisions. This research work consistently strives to
deepen students’ understanding and use their medicinal chemistry knowledge to support
their understanding of drug design, activity and also therapeutic decision making. The
researchers have used a variety of methods to achieve this, Roche & Alsharif, (2002) used
structured preparation before class with quizzes to support this learning. It meant that the
on-campus teaching sessions were used for application of knowledge and engaging with
others. These factors are known to have an impact on learning, with Bruner (Bruner, 1960)
emphasising that revisiting earlier learnt material helps build more complex knowledge and
understanding. Vygotsky (Kozulin, 2003) and Ausubel (Bryce & Blown, 2024) both
advocated that active participation and peer interaction was a way of gaining higher level

knowledge and achieving meaningful learning.

Integrated case study approaches have included teaching on specific common drug groups
including ACE inhibitors (Alsharif, 2007) beta antagonists (Alsharif et al., 2006), proton pump
inhibitors (Roche, 2006) and NSAIDs (Roche, 2009). The overarching design model for
these sessions follows Bloom'’s cognitive and affective taxonomy (Alsharif & Galt, 2008) with
application of knowledge as well as responding and organising learning material to new

scenarios and working effectively in their teams (Bloom et al., 1956, 1973).

As the clinical role of the pharmacist has continued to expand, Alsharif & Faulkner, (2020)
practised clinical decision making in workshops. Medicinal chemistry was at the core of this
teaching which also introduced a thought process framework for care planning, using

Alzheimer’s disease and possible treatments as the example to be applied to the framework.

2.4.3.3 Teaching interventions using novel teaching approaches
Gamification is a well referenced method of engaging students in healthcare education (Van

Gaalen et al., 2021). Roche et al., (2004) used this approach to help reinforce the relevance
of medicinal chemistry, planning an innovative game taking inspiration from a popular TV

game show. Students worked through increasingly difficult questions in teams and the
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feedback suggested that it helped them to link their medicinal chemistry and practice
knowledge. Whilst a fun and innovative example, it would not be possible for wider use

across a programme without a large amount of extra teaching and administration support.

A university in the UK has developed an enquiry-based learning approach (Sattenstall &
Freeman, 2009) for first year students studying pharmaceutical chemistry. It aimed to
promote integration between all subjects from an early stage in their pharmacy degree and
summative assessments required students to apply their integrated knowledge to a specific
therapeutic area. Although the paper is linked to previous educational standards, this
university has developed and updated this approach following the GPhC 2021 standards
(GPhC, 2021) (UoM, 2025).

Karimi et al., (2010) designed an approach that integrated the didactic teaching of
pharmaceutical chemistry with the experiential components of their curriculum. Assignments
were created (known as ‘learning bridges’) to be completed during placement days. These
assignments required critical thinking and application of both practice and science. It helped
students appreciate the relevance of the chemistry they were taught and using placement

experience to help with this was a novel approach that had not been documented before.

Fergus et al., (2019) appreciated the need for a way of linking the scientific underpinning
teaching with pharmacy practice learning. An integrated case study was designed for third
year pharmacy students with student feedback showing that 100% of students felt it
successfully integrated science and practice learning. In addition, a model framework was
developed to help design future case studies to ensure they were appropriately

contextualised and integrated.

2.4.3.4 Teaching interventions based in the pharmaceutical industry setting
Many examples of teaching interventions show how this integrated knowledge can be used

in case studies from primary or secondary care settings, however an interesting example
was found in relation to industry. Strohfeldt, (2019) describes how a practical class was
adapted to simulate an industry setting. The students were set into teams as individual
pharmaceutical companies. A virtual client was introduced to the practical and gave
students tasks to complete. This allowed students to see the important patient safety aspect
of maintaining and assuring the quality of pharmaceutical products. It is important to
remember that the pharmacy programme is a standardised qualification for all sectors so

students should be taught with industry specific examples as well as clinically focused ones.

2.4.3.5 Teaching interventions using the disease as a starting point
Miller & Mercer, (2017) delivered a module for pharmacy students on the topic of addiction

and possible drugs of abuse. Rather than teaching the topics in isolation, they integrated the
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material with science and clinical-based academics involved in the design and delivery of the
module. It aimed to demonstrate the integrated critical thinking used by a pharmacist
working in this area with students agreeing the active learning methods helped their

knowledge and understanding and they also saw the benefit of inter-faculty teaching.

2.4.3.6 Teaching interventions using the patient as a starting point
Marriott et al., (2012) from Monash University describe how a resource platform of a fictional

community was developed. It contains characters with a range of ethnicities, ages and
health-profiles. These characters then formed the basis of integrated teaching to allow the
students to value both the science and practice aspects whilst relating to the fictional
character. It is noted that this kind of project requires a significant time commitment and
engagement from all staff and the integrated teaching materials still need to be developed
following the design and conception of the community characters. An additional challenge is
the monitoring of these characters and their ilinesses that is needed to maintain consistency

across the year groups.

Kearney & Larraneta, (2021) wanted to develop teaching material that integrated both
medicinal and analytical chemistry. They designed patient centred workshops with case
studies featuring beta antagonists as the main therapy. Students interpreted analytical data
and considered structure- related pharmacology to explain aspects of the case. These
voluntary workshops were well attended and well received with 97% of survey respondents

agreeing the teaching helped them apply and integrate their knowledge.

2.4.3.7 Teaching interventions adapted for the COVID 19 pandemic
With the advent of the COVID-19 pandemic and the prolonged need for social distancing,

there was a need to move teaching online. Because of this, there was a real concern that
peer interaction and active learning approaches that were pivotal for learning and
understanding (Vygotsky, 1978) would be compromised. Examples were identified in the
literature that successfully adapted chemistry teaching during this time. Singhal, (2020)
designed and delivery a medicinal chemistry programme where students were required to
use their integrated knowledge on endocrinology cases, using their knowledge of drug
structures to decide treatments. This utilised the POGIL (process-orientated guided-inquiry
learning) approach (Simonson, 2023) which is a student centred approach, allowing them to
construct their own knowledge and understanding through peer interactions and problem
solving activities. Whilst online, Singhal used virtual break out rooms via Zoom with
facilitators supporting students in these rooms and this approach was received positively by
the students. The assignment remained unchanged and the average scores when teaching

virtually showed no significant difference to online teaching from the previous years.
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Barrickman et al., (2023) used the novel approach of escape rooms as a teaching method
and was able to successfully adapt this to a virtual online environment. The puzzles centred
on cardiology and integrated material from chemistry, pharmacokinetics as well as having
the clinical details to form a simulated case. Students’ scores in a pre and post-test were

compared, and statistically significant improvements were seen.

2.5 Identified gaps in the literature
Following consideration of the published literature, any identified gaps are set out under the

three identified literature themes

2.5.1 Student perspectives

Despite the clear focus on educational excellence with the incorporation of integrated
teaching approaches in many pharmacy degree programmes; directly exploring pharmacy
students’ thoughts and perceptions regarding their understanding of the teaching and the

aims behind integration have seldom been addressed.

Some of the detailed qualitative research from pharmacy students can be considered out of
date acknowledging the significant changes to the degree and the health care provision that
have taken place, both in the United Kingdom and across the world. It is appropriate for
students’ thoughts and perspectives to be investigated further following the increasingly

clinical and pivotal role for pharmacists and the changes in GPhC educational standards.

2.5.2 Staff perspectives
There has been found to be very little research into educators’ perspectives, especially in
relation to chemistry teaching and more specifically this teaching within a healthcare

profession course.

This doctoral study would like to allow the educators’ voice to be heard in terms of their lived
experience within the classroom setting. Recognising their experience and expertise could

contribute a distinct and more diverse perspective to the research.

2.5.3 Chemistry Teaching interventions within the Master of Pharmacy student
population

There is a wealth of well documented interventions that have been used and trialled in
pharmacy students then followed up with a range of evaluations. The majority of the
teaching interventions that are documented have often been taught from a science
perspective and written to incorporate a clinical scenario. There are fewer that consider
integration from a practice point of view first with the underpinning science being needed to
fully understand the concepts. There could be a greater emphasis on how pharmacists can
justify the decision-making process when choosing the right drug for either independent

prescribing or recommending it directly to a prescriber. In addition, there is little evidence
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that the need to communicate complex information to a lay patient is practised by applying

the students’ deep understanding of their underpinning chemistry.

There are also few examples of student involvement in the development and delivery of
these integrated approaches. As students are known to value and often rely on the explicit
highlighting of integration within their learning (Mawdsley & Willis, 2019), this may be a
worthwhile area for further investigation as their direct insight may be valuable. DellaVecchia
et al., (2017) reported on a pharmacy student employed as a teaching assistant as part of an
undergraduate medicinal chemistry module. Post module evaluation showed that their
involvement complemented peer to peer learning, deepening students’ knowledge and
understanding (Eun, 2019) and the students reported an increased level of confidence as

well as helping bridge the gap between science and practice.

There is little evidence of comparing these innovative methods with ‘standard’ teaching
practice. However, it is acknowledged that it would be challenging to separate out a cohort
into a new approach and standard teaching practice from an ethical point of view. It could
potentially be done on a voluntary basis, but students who proactively volunteer for active

learning may be already more engaged so could introduce a factor of bias.

2.6 Planned contribution to the literature

It is noted that the range of universities that offer a Master of Pharmacy programme in the
UK has increased in recent years, many with a prominent widening participation agenda
when compared to the more traditional older universities. The programme structure has also
changed significantly since the majority of research on pharmacy students’ perspectives has
been completed. Exploring both students and staff perspectives in this institution with a
widening participation agenda will meaningfully add to the body of literature in this area.
There can be further exploration into students’ understanding of thinking integratively and
how effectively the teaching highlights the need for this and any explicit links in the modular
structure of their degree. Staff can explain what impact and effect they intend to achieve
with the teaching methods they use and any perceived barriers and challenges they may

face.

The incorporation of the student voice also will be considered further in the development of
teaching materials as this could be beneficial (Nelson, 2015). Their perspectives are often
gathered after the interventions from the literature examples found, but there is little
evidence of their direct involvement in initial design. Whilst it is acknowledged that students
do not have the expertise for teaching design and delivery, their scaffolded input may be

beneficial and their lived experience at this point prior to roll out to the whole cohort should
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be considered as a new approach to provide a different perspective and therefore novel

research.

In terms of teaching interventions, cases will be structured with the patient at the centre,
reflecting how a pharmacist would approach patient care in practice rather than from the
perspective of individual subject disciplines. It also links to standard 1 of the GPhC
standards for pharmacy professionals (GPhC, 2017). Providing teaching where students
work towards a rationale for making therapeutic decisions and allowing them to justify their
decisions with their underpinning science knowledge would be beneficial. This links to the
core of evidence-based medicines and decision making. Whilst students are taught the
importance of clinical guidelines, just adhering to guidelines is not enough as could be

considered rote learning rather than demonstrating higher order thinking.

2.7 The thesis conceptual framework and consideration of philosophical world view

Having critically reviewed the literature and defined key terms, these insights can be used to
propose a conceptual framework for the thesis. The central concepts of this thesis are
contextualisation, integration and relevance with higher order thinking being a key cognitive

process that it is hoped students achieve.

These identified key concepts interconnect to influence a student’s development of higher
order thinking. Chemistry teaching material which has relevant content for pharmacists can
allow students to appreciate how it can be applicable to future practice (Fergus &
Kostrzewski, 2011). Teaching can also be contextualised within relevant settings to support
the learner in connecting the science knowledge with practice examples, supporting
understanding and meaningful learning (Alsharif et al., 2006; Kearney & Larraneta, 2021).
Embedding the relevant chemistry linked to practice topics when teaching (so using an
integrated approach) can also help the student to connect knowledge by facilitating deep

understanding, rather than rote learning (Roche & Alsharif, 2002).

Adhering to this conceptual framework when exploring learning and teaching and designing
teaching interventions can potentially influence the cognitive process of higher order thinking
(Mawdsley & Willis, 2019). Actively integrating knowledge across a range of topics within a
suitably relevant context may promote higher order thinking and problem-solving (Husband
et al., 2014). Learning may be enhanced in these situations as it fosters and encourages

deeper understanding and application of this newly acquired knowledge (Overton, 2016).
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The philosophical worldview of constructivism can provide an explanation of why these
concepts work together to promote and encourage higher order thinking skills (Bretz, 2001).

This is discussed further in chapter 3 (section 3.2).
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Chapter 3 -Theoretical framework, methodology and research design

This chapter will discuss and justify the philosophical assumptions and worldview that
informed this doctoral study. It will also further outline and justify the aims and research
questions of the thesis. The selected methodology and overarching research designs will be
described and finally, the research methods for each phase of the study and an outline of

their subsequent analysis will be discussed and explained.

3.1 Summary of the rationale for exploring this research area

The science of chemistry, how it is taught and therefore learnt was the starting point of this
doctoral study. Chemistry is an integral part of the pharmacy programme and underpins
clinical knowledge in this field (GPhC, 2020). Although it may be possible to rote learn
clinical information without the input of science, there is a finite limit to the amount of novel
information that can be stored in a brain due to working memory capacity (Reid, 2009). Also,
without the underpinning chemistry concept knowledge, it is not possible to demonstrate
understanding. With the complexity of clinical pharmacy roles, the expansion of drug design
and the widening discovery of disease states and subsequent treatment, it is not possible to
‘learn’ everything for a pharmacist's subsequent career during a pharmacy degree (Angelo et
al., 2022). Hence, as the role of a practising pharmacist will involve caring for a range of
new patients daily; problem solving previously unseen issues (ACPE, 2016) is an essential
skill. Pharmacists and pharmacy students therefore need to understand the integrated
knowledge of science and practice rather than rote learn knowledge as this is unrealistic

given the enormity of the modern pharmaceutical field. (Pearson & Hubball, 2012).

This thesis aims to explore students’ learning chemistry with understanding and application,
as opposed to solely rote learning information. As part of learning with understanding and
application, students should be able to link to clinical practice to science knowledge. Having
a clearer understanding due to this underpinning chemistry supports solving problems in
case study scenarios (Krol et al., 2024). These required skills were borne in mind when

planning the research within the thesis.

3.2 Philosophical assumptions and world view

Having defined the reasons behind the chosen research area, the researcher considered
their philosophical position which will inform how these issues would be researched
(Cresswell & Cresswell, 2018). Ontology (the nature of reality) and epistemology (how
knowledge is acquired) were defined first before using these assumptions to inform the
methodology (Guba, 1990),
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A worldview considers the epistemological stance taken by the researcher, i.e. how the world
is seen and how it is understood, which then informs the research and the selected
methodologies (Crotty, 1998). It is a philosophical assumption presenting an underlying
belief on how issues are understood and also how they can be addressed (Guba, 1990).
The appreciation of how reality and understanding are linked together informs a researcher’s
thinking with multiple approaches presented within the literature (Cresswell & Cresswell,
2018). These approaches have been considered with the most appropriate one selected

and justified.

In terms of ontology, this study assumes that students create their own reality from their
individual experiences which explains why students have different opinions and
understanding even if they have attended the same teaching sessions. There is no single
reality with regard to learning experiences so multiple realities need to be acknowledged and

are meaningful to each individual student (Crotty, 1998).

Adopting a constructivist epistemology stance, this study assumes that knowledge is
constructed and developed through a student’s understanding of taught material, which is
influenced by their experiences, interactions with others as well as prior knowledge that this
new information may link to (Bodner, 1986). Several of the concepts in chapter one support
this position. For example, working memory theory and the information processing model
which suggests that learners may process information differently, resulting in different
students reaching different answers (Johnstone & El-Banna, 1989; Reid, 2009). Also, the
evidence that suggests novice learners will process and learn new chemistry material
differently when compared to experts (Kozma & Russell, 1997). These examples highlight
that learning can be subjective and individual rather than there being one single objective
truth.

This thesis has understanding and application of knowledge at its core. As such, the theory
of constructivism is arguably the most appropriate concept informing this research because
as a concept, it underpins the theory of active rather than passive acquisition of knowledge
(Bodner, 1986). Crotty (1998) describes this theory as “the making of meaning”, highlighting
that meaning is actively constructed rather than passively discovered. Using a constructivist
approach, students routinely attempt to link and build on any knowledge that they have
already, trying to construct meaning from newly acquired information (Bodner & Orgill, 2007).
Learning is influenced by individual experience, thus cannot be achieved independently from
a student’s previous experiences (Vygotsky, 1978). These previous experiences influence
understanding and can lead to misconceptions in chemistry, which is well documented (see

e.g. Taber, 2002). In addition, the social aspect of constructivism is pivotal to learning with
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understanding (Hodson & Hodson, 1998; Vygotsky, 1978) with construction and
understanding of knowledge being influenced by social interactions, alongside discussions
which allow for further construction of meaning. The concept of constructivism states that
although students may participate in the same teaching sessions, it will not result in the
same outcome in terms of their learning and understanding, with the students’ ability to
engage and actively experience the learning affecting the outcome (Dewey, 1938). The
impact of any educational interventions must therefore be evaluated rather than their impact

being assumed.

In conclusion, constructivism is the most appropriate research paradigm for this research
area as students do not all gain the same objective knowledge and understanding from a
given curriculum. It can be assumed there is no objective reality, this is individually created
and constructed by students themselves. This research will be influenced by the interactions
of the students and researcher and the context that this takes place (Cresswell & Cresswell,
2018). The rigour of each method will be considered in each section as well as the position

of the researcher.

3.3 Researcher subjectivity

Alongside subjective reality of the learners, the subjective reality of the researcher should
also be considered. The researcher designing, leading and conducting the research has
their own beliefs and experiences which may influence the research, this is particularly
important during qualitative data collection as they are a key instrument within this type of
research (Cohen et al., 2018).

At this point, it is important to recognise that the researcher is part of the wider context and
world where the research is being conducted. They need to be reflective, considering their
own experiences, values and background which could have an impact on the research and
therefore should be considered in terms of potential researcher bias (Mortari, 2015). The
researcher needs to consider their role at each stage and their interactions with the data. An
account of the researcher is written below to highlight their place with the context of

research.

| was brought up in a family where there was always a keen interest and
appreciation for the UK education setting. My undergraduate degree was
completed as a three-year Bachelor of Pharmacy Honours programme just
before the integrated four years Master programme was introduced. It was
completed at a time when education was free at the point of delivery and student

grants were available, meaning my sibling and | were able to attend university
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and we were grateful for this opportunity, appreciating it was not available for

earlier generations of our family.

The change in teaching style and increase in class sizes at university were
challenging and with no support for transition, it took time to adapt. The
relevance of chemistry was not always clear at university which caused
frustration as chemistry was the reason for my initial interest in pharmacy. On
reflection, we were expected to make the connections ourselves as newly
independent, critical thinking adult learners. My pre- registration year [foundation
year] was completed in a community setting but upon qualifying | moved to a
hospital setting and completed a structured basic grade rotational pharmacist
role with the associated completion of a part time clinical diploma. Once in
practice the importance of science underpinning practice was often clear through

examples on the wards as well as during post graduate practice teaching.

My roles since qualifying were initially within hospital settings, including specialist
oncology and palliative care settings followed by a short time working in primary
care. In each role, | always took the opportunity to train and mentor other
members of staff which included completing an MSc where my dissertation
focused on training junior pharmacists in symptom control to support palliative

care patients on general wards.

I have now worked in academia over the last 14 years. This path has included
roles within module leadership and programme management then a more
strategic academic quality role. In addition to the university academic role, |
have been an academic panel member with a regulatory body for the last 5 years
which has allowed me to gain an insight into a range of curriculum design

approaches which all adhere to the standards but in different ways.

There are several steps that will be taken to help ensure the validity of the
research. As a lecturer, | recognise that | am not a neutral observer and may
have preconceived ideas and expectations of the students. With the collection of
qualitative data, there will be other researchers intentionally involved in some of
the data collection. There will be discussions to challenge assumptions and
interpretations from a critical friend [PhD supervisor]. Data will be anonymised
prior to analysis for the qualitative data and during the collection phase for
quantitative data. | will be reflective during each study and will reflect on design

decisions; thoughts and any assumptions being made.
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3.4 Research approach - A mixed methods structure

Justifying a structure which incorporates both qualitative and quantitative research has been
documented previously within the discipline of science and engineering education (Borrego
et al., 2009). These authors suggest that the desire to fully answer a research question
should inform the decision when selecting methodology and no particular method “is

privileged over any other” (Borrego et al., 2009 page 53).

Although this thesis has a focus on chemistry, it is specifically investigating the complexities
of successfully educating people in this discipline. Experiments within a laboratory
environment allow controlled conditions with variables being changed iteratively. However,
when considering the effects of teaching and learning as well as exploring the perceptions of
students and academics in “complex, real-world environments”, using a mixed method
approach allows these complexities to embraced more readily than using solely qualitative or
quantitative methods (Bazeley, 2018; Schulz, 2014).

This thesis focuses on education so also considers the use of educational intervention tools
as part of the research. Choosing a mixed methods design for intervention research allows
multiple objectives to be considered as well as providing the flexibility of having several
types of data collection to more comprehensively address the research questions (Cresswell
& Plano Clark, 2018). Choosing a mixed methods approach does not imply that there are
inherent weaknesses in either qualitative or quantitative methods, the decision is justified by
the more thorough and richer data collection it allows (Miles et al., 2020). Overall, a mixed
method design was utilised to allow a more comprehensive understanding through a more

thorough analysis into the overarching research questions (Bazeley, 2018).

The selection of mixed methods as the most appropriate approach to the whole thesis led to
reflection and further justification of the worldview. Although a pure constructivist worldview
is traditionally linked to qualitative approaches (Crotty, 1998), it is also important to consider
all methodological approaches and identify and select those which would be able to answer
the research questions most appropriately (Cresswell & Cresswell, 2018). Selecting a single
methodology to align to a very pure definition of the philosophical worldview may not provide
a balanced conclusion to the research questions (Borrego et al., 2009). Although the
constructivist viewpoint lends itself to the generation of qualitative data collection and
analysis, the collection of quantitative data can be used in addition to this as its subsequent

numerical analysis added to the overall findings of the study.

A comparative strength of quantitative data is that the analysis of a large data set from a
cohort can facilitate the analysis of demographic influences and how these possibly impact

on an assessment or task. Qualitative data allows a different and much more in depth
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exploration of students and staff perceptions and lived experience in this specific area
(Bazeley, 2018). Following thematic analysis, this can provide a deeper understanding of
the phenomena being studied. In line with the constructivism worldview, although students
may participate in the same teaching and assessments, their own learning, understanding
and feelings are influenced by multiple factors based on how they have experienced the
world so far (Bodner, 1986). Qualitative data collection allows the exploration of some of
these aspects in more detail and clearly links to the philosophical assumptions of the

researcher.

3.5 The mixed methods study design
As both qualitative and quantitative approaches are used in the study, further design

considerations are needed with the significance of each approach being considered and the
priority and sequencing of studies reflected upon (Cresswell & Plano Clark, 2018; Greene,
2008). Using mixed methodologies requires consideration of how these types of data can be
integrated and analysed to comprehensively answer the research questions, as when done
effectively, this is one of the main advantages of adapting a mixed methods approach
(Bazeley, 2018; Bryman, 2006; Cresswell & Cresswell, 2018).

There are several key concepts that inform the design of a mixed method study,
acknowledging that this approach can be more challenging and complex to plan. The
literature discusses a range of typology-based approaches to the design across several
disciplines (Greene, 2008; Hadi & Closs, 2015; Morse, 1991; Tashakkori et al., 2021), but it
is acknowledged that every mixed methods study is ultimately unique, meaning its design
should be tailored to answering its specific research questions (Cresswell & Plano Clark,
2018).

A range of typologies have been discussed, categorised and have evolved within the field of
mixed methods by many respected researchers (Cresswell & Cresswell, 2018; Fetters &
Freshwater, 2015; Greene, 2008; Morse, 1991; Tashakkori et al., 2021). A recent iteration of
typologies by Cresswell & Plano Clark, (2018) divides them into three core designs; (i)

explanatory sequential design, (ii) exploratory sequential design and (iii) convergent design.

A more complex mixed methods evaluation design is used in this study, employing a series
of sequential phases then combining them to allow the conceptualisation, development and

evaluation of a specific intervention (Cresswell & Plano Clark, 2018).

The key elements of this mixed method study have been considered (Greene, 2008) with the
project split into three phases with data collection points and subsequent analysis informing
the next stage of the project. The initial phase is a quantitative study leading to phase two

which has two studies that took a qualitative approach. This sequential model of qualitative
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data collection following a quantitative study allows the researcher to explain any findings
from the variables analysed in the quantitative study as well as explore the perceptions of
the participants in their own context in relation to their teaching and learning experience.
This specifically acknowledges constructivism and the individual realities experienced by

individual participants.

The third and final phase of this study is a mixed method study (a quantitative questionnaire
embedded with a qualitative strand) (Bryman, 2006) which evaluated a teaching intervention.
This embedded mixed approach was used as opposed to using a singular approach

potentially allowing richer and detailed findings for the research questions.

Phase one and phase two form an explanatory sequential design (Hadi & Closs, 2015) with
the first quantitative phase providing an understanding of any binary influencing factors with
regard to attainment. The second phase provides rich qualitative data where influencing
factors are explored that were meaningful to the students and staff as participants and could
potentially explain the findings from the initial quantitative phase. The final phase three
investigates the impact of the teaching intervention with a primarily quantitative focus but

with a qualitative strand to corroborate the quantitative data findings (Bryman, 2006).

Study 1 - quantitative data collection
from whole cohort assessment

Findings
inform

Studies 2 and 3 - qualitative data
collection from interviews and focus
Findings groups
inform

Findings
inform

Study 4 - mixed method data
collection following teaching
intervention

Figure 8-The mixed methods design of the overall research project
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Figure 8 illustrates the overarching design of this multi-phase mixed methods study for
clarity. Although this design variation is a more complex design structure than some
documented core design suggestions, it allows for a more deep and meaningful exploration
of the research questions and a more comprehensive evaluation of the newly implemented

teaching intervention.

3.6 Relationship between qualitative and quantitative elements within the study

As part of the overarching design, there was consideration as to which approach is given
prioritisation or whether both are equally important (Bazeley, 2018; Greene, 2008). In this
thesis, they are considered complementary to each other. When considering the
overarching research questions of this thesis, both quantitative and qualitative methods are
essential in answering them comprehensively. The quantitative data allows a broad
overview of whole cohorts, while the qualitative data adds rich depth and further context.
With the overarching philosophy being constructivism, it highlights that reality is constructed
through the learners’ experiences, prior knowledge as well as interactions with staff and
other students. Consequently, this means that the qualitative data elements and subsequent

analyses have the most significant impact (Cresswell & Plano Clark, 2018).

The quantitative data collected in phase one allowed the identification of any patterns within
participants’ demographics impacting on learning and assessment, with the qualitative data
from interviews and focus groups providing a better understanding of participants individual
experiences with teaching and assessment. This qualitative data aligns more closely with

the belief of multiple realities.

The questionnaire in phase three included both qualitative and quantitative elements, with
the quantitative sections providing descriptive statistics to describe any potential patterns
and qualitative elements demonstrating students’ individual experiences and interactions

with the teaching intervention.

This integration between these two components ensures that the findings are reliable and
valid whilst being grounded in real-world experience as constructivism is kept as the
philosophical focus. Together, they provide a more complete understanding of the research
topic (Tashakkori et al., 2021).

3.7 Research strategy

Qualitative data collection and analysis is used as a significant part of this study to explore
individual perceptions towards the learning and teaching of chemistry. This research was
phenomenological rather than experiential in design. Controlling the environment, which
would be required for an experiential approach, was not appropriate or possible, whilst by

adopting a phenomenological stance, experiences and perceptions could be observed and
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analysed in the natural and less controlled environment of the university (Cresswell & Poth,
2018).

Such a phenomenological approach considers the lived experience of a group of individuals,
who have experienced the phenomenon so takes into account their individual subjective
experiences but at the same time acknowledges there is a shared objective reality as all

individuals have experienced the same thing (Cresswell & Poth, 2018).

The qualitative aspects of this thesis intentionally use both interviews and focus groups as a
data collection tool depending on the participant group and the specific research question.
Although phenomenological studies often use only interviews as a sole source of data
collection, there can be clear justification for incorporating focus groups for this research
strategy (Bradbury-Jones et al., 2009), as individual experience can still be represented
within group discussions with valuable phenomena emerging. Focus groups allow
participants to discuss their shared experiences from their individual point of view and
group interactions can reveal insights and themes which may not have emerged from
individual interviews (Vella, 2025). However, caution does need to be taken when planning
focus groups to ensure participants are not intimidated by others or feel their experiences
may be less valid so may remain quieter when compared to an interview (Smith, 2010).
These challenges are considered in the relevant study and planning of each focus group
explained and justified within the applicable chapter. In addition, focus groups may
provide richer data from a social context allowing for exploration and deeper understanding
of their experience, in a similar way to how social interaction with others can impact on

learning in line with Vysotsky’s theory on social constructivism (Hodson & Hodson, 1998).

3.8 Defining the aims and objectives

There is evidence justifying the importance of science within healthcare education, first in a
seminal report by Flexner (1910) then in more recent papers emphasising a need to also link
to a caring ethos (Duffy, 2011; Finnerty et al., 2010). This thesis aims to investigate more
specifically chemistry learning within pharmacy as the central underpinning science for this
profession’s pivotal clinical knowledge. It also aims to consider learning with understanding
and application (Gilbert, 2006) which may not happen consistently with each student
depending on their individual experience (Hodson & Hodson, 1998; Vygotsky, 1978).

As discussed in chapter 1, the teaching of chemistry and clinical pharmacy practice within
the undergraduate pharmacy degree programme has been discussed and debated for many
years (Bandiera et al., 2018; Florence, 2011; Smith & Darracott, 2011). Chemistry teaching
has been adapted and pharmacy programme curricula design have been reviewed in an

attempt to successfully integrate these areas (Husband et al., 2014; Wensel et al., 2014).
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Although there is a clear body of evidence and research in this subject area, the issue of
chemistry content and clinical content continues to be debated, and the ‘problem’ is yet to be
fully solved in the developed world where pharmacists have a significant clinical role (Faruk
Khan et al., 2011; Kearney & Larrafieta, 2021; Wall et al., 2022).

In line with the affective domain as identified by Benjamin Bloom (Anderson & Krathwohl,
2001; Bloom et al., 1973), students’ attitudes may have an impact on their engagement with
study material, assessments and general understanding of chemistry, so this has also been
taken into account within this thesis by considering and exploring students attitudes. Some
relevant teaching examples have already been discussed during the literature review in
chapter 2. Whilst the literature review focused on the narrower search of chemistry teaching
examples in pharmacy degrees, it is acknowledged there are some excellent relevant
examples seen within chemistry major degrees. As an example, Galloway & Burns, (2015)
reported on the use of a peer-led support tool with high engagement from the students as a
support to their preparation for summative exams, highlighting that methods of teaching can
also impact students’ motivation and engagement. A systematic review by Byusa et al.,
(2022) found that using a game based approach for chemistry students increased their
motivation to learn in the 24 studies they reviewed, with the benefits coming from actively
engaging with other students as well as the teaching materials. The theme of student
engagement as well as an agreed definition has been discussed further in the literature
review, chapter 2. (For the purpose of this thesis, student engagement is defined as ‘a
student’s commitment to their academic study in order to improve their learning,

understanding and application.’)

In terms of chemistry teaching interventions, a large proportion of the research into
educational interventions have taken place in student cohorts who are registered on a
chemistry ‘major’ degrees (Cooper et al., 2019; Galloway et al., 2016; Taber, 2000; Williams,
2022). This research provides very valuable insights into chemistry teaching but cannot be
considered automatically transferable for students on a different (and vocational) degree
where chemistry is only considered a minor component. The attitudes and experience of
students on chemistry ‘minor’ degrees may influence their engagement and learning (Bloom
et al., 1956; Bodner, 1986) in a way that differs to those wholly focussing on the subject
during their studies. There are also different potential motivations for study, different entry
criteria, arguably different skill sets needed and different career prospects for students in

pharmacy cohorts when compared to cohorts studying on a chemistry major degree.

Finally, academic staff attitudes have not been considered in depth in previous literature, so

these are investigated in this thesis. There is evidence at secondary school level (Cents-
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Boonstra et al., 2021; Corso et al., 2013) to show that teaching staff have a direct impact on
student engagement. Exploring the staff perspectives of academics who teach chemistry
within pharmacy will provide valuable insight in this area at a higher education level and
allow the exploration of similarities and differences between those teaching in compulsory

(secondary schools) versus those teaching in higher education.
The general aims of overall project are:

1. Identify and analyse in detail factors affecting chemistry learning in the context of a

non — chemistry major degree programme from a staff and student perspective

2. Identify understanding of contextualisation, its importance, relevance and

implications within the MPharm student population at the University of Hertfordshire

3. Develop and implement an approach to effectively contextualise chemistry within a

pharmacy context and evaluate its impact on learning

3.9 Overarching Research questions for the doctorate
The gaps in the current research were considered in addition to the specific interests of the

researcher when developing the research questions Consideration was given as to who
may influence the learning process, so both the teachers (i.e. academics) and learners (i.e.

students) were considered when developing these questions.

1) What influences students’ understanding and application of knowledge of chemistry
within the MPharm degree?

2) What are MPharm students’ attitudes towards the relevance of chemistry within the
MPharm degree as well as their motivation and most effective ways to learn and
understand chemistry?

3) What do University of Hertfordshire staff understand to be the student perceptions
regarding chemistry on the MPharm programme?

4) What strategies can support students’ application of chemistry and integration with
practice learning within the MPharm degree?

3.10 Structure of the thesis

The structure of the thesis, in terms of its three phases, is discussed here with a summary
that provides justification of the selected methods and an outline of the planned data
analysis. The planning of analysis is important in terms of integration between data types as
it is one of the aspects which makes the mixed methods approach very effective (Bazeley,
2018). Each results chapter will also justify the appropriateness of the methods used and

analyses conducted.
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3.10.1 Phase one - rationale for quantitative data collection

Factors which have an impact on attainment at a higher education level are multiple and
complex (Casanova et al., 2005; Farsides & Woodfield, 2003). Although some of these have
found to be genetic or linked to specific personality traits, (which is outside the scope of this
study), there is data linking demographic factors and previous academic achievement to
attainment (Hackett et al., 1992). This data, however, may not relate directly to the discipline
of chemistry at tertiary education level. In addition, this group of students differs in several
respects including studying a subject at tertiary level that their degree does not major in.
Studying attainment on a chemistry task within this population of students who are studying
chemistry as part of a non-chemistry major degree will provide further insight into which, if

any, measurable factors are influencing their performance.

The results of this data analysis will potentially help identify key influencing factors on
attainment and engagement. These insights could enhance understanding of the underlying
factors affecting engagement and outcomes, highlight any barriers to success, and inform
the development of targeted support strategies. It could provide justification for these
strategies which is data driven and evidence based. It is also acknowledged that results
could potentially be shared with students, so they reflect on their own learning and their
study habits. This can encourage metacognition (Tanner, 2012) and also encourage them to
reflect on their own learning and experiences. (The terms attainment, engagement and

motivation were defined and discussed in chapter 2).

3.10.2 Design and analysis of phase one

This initial study allowed analysis into and therefore possible identification of a range of
factors that may be influencing attainment in chemistry within non-chemistry major degrees.
The student factors that could be identified and that were studied were: age, gender, prior
study and ethnicity. This data from the use of PeerWise as formative support and the
summative assessment results specifically lend themselves to quantitative analysis.
PeerWise is a collaborative online education tool which allows students to independently
create multiple choice questions and also allows them to participate in answering and
evaluating questions written by their peers (PeerWise, 2025). This tool was utilised on a

first-year chemistry module when assessing the knowledge and understanding of students.
The PeerWise tool can produce a range of data that explains how much engagement each

student has had with the tool. In addition to the student demographic data mentioned

above, summative assessment results were available as a measure of their attainment.
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This combined dataset for each student was divided into several subgroups to facilitate
comparison and establish whether differences in the results were because of the
demographic factors or whether they had arisen by chance. Excel (version Office 365) was
chosen to analyse data using the Cochran-Mantel-Haenszel method (CMH method). This
statistical method was chosen as it allows the examination of any possible association
between the data whilst controlling for the confounding variables which may lead to incorrect
association or bias. This would not be possible using a more simplistic chi-squared test
(Kirkwood & Sterne, 2003).

3.10.3 Phase two — rationale for qualitative data collection
In phase one of this study, the data analysis provided an insight into the whole student

cohort and objective evidence regarding any factors affecting attainment in a chemistry
assessment. Phase two was a subsequent qualitative study which allowed further
exploration into relevant detailed perceptions and was divided into two parts. The first part
looked at learning chemistry within the pharmacy degree from both a staff and student
perspective. It provided further context and therefore improved understanding of this
research area. Chemistry is a core science within the pharmacy degree, but students are
taught and assessed on a range of disciplines so the research questions for this part
focused on collecting detailed rich data specifically on the learning of chemistry. During the
literature review, there was little research found from an educators’ perspective on chemistry
in the pharmacy degree so bringing their lived experiences into this research contributed a

further dimension and richness to this data collection.

Consideration of the curriculum design as well as appropriate integration of taught materials
(Harden, 2000; Husband et al., 2014) can help highlight relevance and encourage
application of knowledge of underpinning chemistry. The second part of phase two
investigated and explored students’ understanding of thinking integratively, combining their
science and practice knowledge to fully understand the relevance and subsequently applying
it. From their research into an integrated curriculum Mawdsley & Willis, (2019) found that
students required some scaffolding to fully understand what integration was and how to

integrate so this is worthy of further exploration in this phase.

3.10.4 Students as partners in research
As discussed in chapter two, the current literature base in this area of education research

lacks student involvement and an acknowledgement of the student voice. There is evidence
that incorporating students into educational research can provide a unique perspective and
have a beneficial effect on the research (Cook-Sather, 2006). Acknowledging this, students

were involved in the student interviews and focus groups in terms of helping design the
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questions and carrying out the research. Students were not involved in the staff interviews
as it was felt that their presence may have influenced the staff participants and affected the

depth of the data collected.

For the interviews and focus groups involving students, consideration was given to the
researcher’s position as a lecturer and the discussion topic for this project. The interviewer’s
role as a part of the research tool (Lincoln & Guba, 1985) and the concept of the interviewer
effect (Denscombe, 2017) was considered when preparing to conduct the interviews. It was
acknowledged that the choice of interviewer can potentially impact the quality of the data
collected. Rich data collection may be impaired by the power dynamic between student and
lecturer and the authentic student voice may be lost (Seale, 2010). Canning, (2017)
highlights the possible flaws in gathering the student voice through a tutor- centred approach
where they are facilitating the dialogue and conversations, and as such, alternative methods
to eliminate such bias, including using students, should be explored. The pedagogical
approach of ‘students as partners’ was researched, with case studies demonstrating the
positive impact of direct student voice involvement in academic research (Ayres & Wilson,
2018; Bohnacker-Bruce, 2019). The benefits of staff student partnership in research within
higher education has been recognised by Advance HE (Walkington, 2015). In addition to
this, the importance of open and honest dialogue from participants was a key factor when
considering the interviewer status. Using students to help gather research data from other
students is named participatory research (Fielding, 2004). Participatory research as a
methodological approach (Cornwall & Jewkes, 1995) was utilised as way of collaborating
effectively with the student voice, using students to collect rich authentic data without the
potential power dynamic of the lecturer-student relationship impacting on it (Seale, 2010).
Engaging with the principles of this type of research, a group of fourth year MPharm
students were involved in the design of this section of the doctoral study and the conducting

of the student interviews and subsequent focus groups to gather data.

3.10.5 Design and analysis for phase two

Interviews were chosen as the most appropriate method of data collection for the first part of
phase two. Semi-structured interviews were used to allow participants to openly discuss
their experiences and perceptions using the open ended questions of the interview protocol
as a guide (Cresswell & Poth, 2018). An interview can be interactive and adaptive, allowing
the participants to talk freely without the constraints of a predetermined format of a
questionnaire (Cresswell & Plano Clark, 2018). The skill of the interviewer is also relevant to

the quality of the data collected so comprehensive training as well as practice interviews
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took place prior to interviewing the participants, to ensure consistency and quality of the data

collection (Denscombe, 2017).

For the second part of phase two, focus groups were deemed the most appropriate method
of data collection. This would allow the collection of rich and detailed data like interviews,
but the participants would benefit from discussing their thoughts and their shared
experiences with their peers (Morgan, 1996). This learning from peers and interacting with
them is in line with the principles of meaningful learning (Bryce & Blown, 2024). Sharing of
thoughts and individual experiences can highlight shared aligned opinions or can emphasise
differences with their experiences (Denscombe, 2017). Acknowledging there are multiple
realities rather than one, due to individual experiences, is a key element of constructivism
(Cresswell & Cresswell, 2018) which is the philosophical framework for this thesis. Morgan,
(1997) highlighted another advantage of focus groups is they can provide “direct evidence
about similarities and differences in participants’ opinions and experiences” (Morgan, 1997 p
10).

Cohen et al., (2018) describes focus groups as often being contrived groups of participants
who are also often unknown to each other. However, Morgan, (1996) highlights that focus
group research can be organised with participants that are already part of an existing group.
Cresswell & Poth, (2018) describe focus groups being “advantageous when the interaction
amongst interviewees will likely yield the best information, when interviewees are similar and
cooperative with each other” (Cresswell & Poth, 2018 p 164). It is acknowledged that focus
groups can be used for a wide variety of research and subject areas. For this area of
research, the shared experiences of being in the same pharmacy programme was important,
with their discussion focusing on their perceptions of this experience and it was seen as an
advantage that they were not strangers. Morgan, (1996) highlights that in one to one
interviews, the participants may feel they have to clarify and justify their perceptions to the
researcher; focus groups can help reduce this potential burden. It was also anticipated that
students would perhaps struggle with the concept of integration and the interaction and
discussion with peers would produce more meaningful data (Morgan, 1996) (Vella, 2025).
Individual experiences are important to this research so this could be seen as a
disadvantage for focus groups which can show insight into group experiences. However,
Bradbury-Jones et al., (2009) argues that phenomenological research can still be
accomplished using focus groups as they are still exploring lived experiences within a group

of peers in this instance.
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There is literature discussing whether one to one interviews and focus groups may produce
different data (Morgan, 1997). However, it is acknowledged that topics do not usually align
purely with individual or solely with group behaviours (Morgan, 1997). There can be
drawbacks with focus groups, with the dynamic of the group and any dominant voices
affecting the data produced (Cohen et al., 2018). This was considered when training and
preparing the researchers for conducting the focus groups as well as when planning the
composition of the focus groups. How to facilitate a focus group is markedly different to
conducting an interview, with the researcher encouraging interaction and discussion within
the group and ensuring their role is one of a facilitator rather than the leader (Denscombe,
2017).

The differences between focus groups and group interviews were also considered when
finally deciding on the research tool. Group interviews may aim to gather and analyse the
view of the whole group rather than considering individuals (Cohen et al., 2018) but this
research specifically wanted individual voices to be heard as well as identifying overarching
themes. Morgan, (1996) argues that when the researcher directs the discussion and the
participants are part of an existing group (in this case, cohorts within a specific programme

at a specific university), then it is defined as a focus group.

The questions for each section of this phase were developed, reviewed and piloted with
adjustments made following this process. The final question schedules with relevant
justification are presented in each relevant chapter (chapter 5 for staff and student

interviews, chapter 6 for student focus groups).

Although rich data can be gained from interviews and focus groups, it does require
preparation and organisation from its original raw form to be meaningful (Denscombe, 2017).
Using a process of organised, consecutive steps ensures the analysis of the data is

transparent and thorough (Cresswell & Cresswell, 2018).

Several strategies to analysing qualitative data have been published with no absolute gold
standard (Cohen et al., 2018; Cresswell & Cresswell, 2018; Cresswell & Poth, 2018). The
qualitative data in this project were analysed using the thematic analysis approach outlined
by Braun and Clarke (Braun & Clarke, 2006, 2021). This approach is not inherently linked to
a specific philosophical framework but acknowledges the researcher can drive the analysis
and so should consider their own beliefs during this process (Braun & Clarke, 2006). This
analysis considered the constructivist philosophical approach in line with the overall

framework of the thesis.
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Table 3- Description of the thematic analysis approach from (Braun & Clarke, 2006)

Phase Description

The researcher familiarises themselves with the data

Initial codes are generated by the researcher

Themes are searched for

The themes are reviewed

Themes are defined and named

o O | W N| =

The report is produced

The phases of the thematic analysis process outlined by Braun & Clarke, (2006) were
followed closely with the researcher continually returning to an earlier phases to continually

improve familiarisation of the data (see table 3).

The transcription of data is time consuming but a very important part of the process because
it ensures the researcher is immersed in the data, with not only the words spoken but the

changes in tone of voice and the pauses within the interview (Denscombe, 2017).

Although the student researchers were given the opportunity to analyse the data and codes
were also discussed with supervisors, the final presentation of findings and analysis of these
data was intentionally undertaken solely by one researcher in line with the reflexive
approach described by Braun and Clarke. It also acknowledges the constructivist approach,
where the experiences of one researcher, alongside their philosophical belief, is able to

examine the meanings expressed within the data set (Braun & Clarke, 2006).

The acknowledged gap in the literature focuses on both staff and students’ perceptions so
the final stage of analysis for phase two, part one did consist of developing the themes from
the whole data text. It was acknowledged that these were two distinct data sets where
individual themes could be identified but themes may be seen across both the staff and
student groups. Themes that were common to both groups and distinct to either group are

clearly identified in the results section.

3.10.6 Phase three — rationale for teaching intervention and subsequent analysis
Following the literature review (in chapter two), it was observed that current published
literature on teaching interventions tended to focus on a specific discipline with a related
case study rather that consideration of applying a range of relevant scientific concepts. It
was also noted that decision making and providing advice should be backed up with
evidence-based justification. These tasks are a pivotal aspect of the pharmacist’s role, and

their underpinning science knowledge could achieve this. Ensuring that students appreciate
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this knowledge from the beginning of their degree was important, so this teaching
intervention was to be added to the first-year curriculum. It was also specifically taught
within the Transition to Higher Education (THE) module. This module aims to teach the skills
needed to successfully study at a tertiary level so incorporates many study skills needed to
successfully complete a university degree (rather than being focused on a particular
discipline needed for pharmacy). The workshops all focused on caring for the “patient” at
the centre of the task and linking the questions to teaching across the year which included

both specific science and practise teaching elements.

3.10.7 Design and Analysis of phase three
Using the concept of students as co-creators (Bovill et al., 2011), fourth year research

project students were involved in the development of a series of three workshops. Students
worked within a group (with significant support from the researcher) to provide the initial
ideas for the workshop case studies, bearing in mind the common drugs and conditions seen
in practice. They had the opportunity to reflect on their own integrative skills and their work.
All the case studies focused on keeping the “patient” at the centre of the teaching, linking to
other learning across the year which included both specific chemistry as well as
pharmaceutics and pharmacology elements. Consultation and communication skills were
also used in the workshops for simulated interactions with the “patient”, so students were

able to use knowledge learned within practice modules.

Prior to using these case studies on the module, staff from multiple disciplines provided
clarification and critical feedback to ensure that the teaching clearly aligned with learning
within the year. In addition, staff from both science and practice backgrounds provided

general feedback and comments on the suitability of these case studies.

To evaluate the impact of these workshops, an online questionnaire with a combination of
closed questions and some free text questions was used. Discussion and justification of this
questionnaire as well as piloting and refinement of it is provided in chapter 7. The use of
Likert scale questions was chosen for some of the closed questions as this type of scale
helps to ascertain the strength of feeling towards each statement. One advantage is that it is
a well-established scale and often used to investigate opinions and attitudes. It is likely that
respondents are already familiar with it and will understand how to correctly complete the

questionnaire (Cohen et al., 2018).

The raw data was downloaded following the online submission of completed questionnaires
which reduced human transcription errors. Once checked and cleaned, descriptive statistics
were carried out on the data sets to gain a better understanding of the data and allow basic

interpretation of the demographic data and Likert scale questions. The data in the open-
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ended questions was also read multiple times, reviewed and analysed. This allowed the

researcher to present the data in a more detailed and accurate manner.

3.11 Deductive and inductive approaches
Consideration was given to how data was analysed, acknowledging the differences between

deductive and inductive approaches. Using mixed method research does mean the
research is not adapting one single approach with “the inductive- deductive research cycle”,
a combination of different methodologies being an important concept in a mixed methods
research methodology (Tashakkori et al., 2021). Using both inductive and deductive logic

adds to the rigour of the mixed methods approach (Cohen et al., 2018).

Phase one followed a deductive approach where the gathered data was analysed to test
whether there is any relationship between several factors and student attainment. The
deduced logical results allowed the confirmation or rejection of the hypothesis from the

objective calculations conducted (Cresswell & Cresswell, 2018).

Phase two, with both interviews and focus groups had an inductive approach. This
approach provided more freedom to delve into participants’ thoughts and opinions with rich,
descriptive data being produced. The specific themes identified from this phase allowed for

broader generalisations in this population to be hypothesised.

The final phase, phase 3, was a survey which had a predominately deductive approach but
some open text questions allowing the students to respond more freely (Cohen et al., 2018).
These qualitative comments allowed any emergent themes to be discovered and provided
further insight into the students’ thoughts following participation in the teaching intervention.
The hybrid approach of this survey meant any themes identified could be related to the

quantitative data collected which enhanced the overall research (Proudfoot, 2023).

3.12 Impact of COVID 19

As a PhD study with a part time structure and a realistic longitudinal approach, this project
has spanned over a pre and post COVID era as well as continuing during the pandemic.
Collection of data following the teaching intervention for one cohort was taken during
movement restrictions which impacted the teaching of this, but there were adaptations made
because of this. These are discussed in that specific chapter (chapter 7) and reflected and

further discussed in the conclusion chapter (chapter 8).

3.13 Participants across each project
A purposive sampling technique was used for the qualitative data collection with focus

groups and interviews in this doctoral study. For student data collection, students in the
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Master of Pharmacy programme at the University of Hertfordshire were invited to participate.

No other universities or programmes were involved.

The University of Hertfordshire is a Higher Education institution which actively supports the
widening participation agenda. Students admitted to the Master of Pharmacy programme
have a range of prior qualifications with the large proportion of them having an Access
qualification or a foundation year qualification as opposed to the traditional route to university
via the successful completion of A levels at School or college. The student population of UK
students at the university is comprised of approximately 70% with from families on low
income, Black, Asian, or Minority ethnic (BAME) heritage or first in family (University of
Hertfordshire, 2024).

For staff interviews, chemistry academic staff were emailed directly and invited to voluntarily
take part in an interview whilst students registered on the MPharm programme in all years
were sent details of the study through the university’s virtual learning environment (VLE). It

was made clear that involvement was voluntary.

For the PeerWise data collection, the data generated from the whole cohort was anonymized

and reviewed (following appropriate ethical approval.)

3.14 Ethical approval
All research conducted within this doctoral study involved human participants, so each study
required ethical approval. The researcher considered multiple factors prior to designing

each research study (BERA, 2018) and applying for ethics. These factors included:

e Consideration of what data would be valuable to collect

¢ Any risks of distress to the participants

¢ Any risk of identification of participants so protection of confidentiality

e Educational interventions should involve a whole year group rather than a control and

an intervention group

The University of Hertfordshire guidelines were followed and ethical approval gained before
the commencement of any study. All participants received written information about the
study, informed consent was sought and recorded. Participants were also aware that they
could request removal from the studies at any point. Ethical approval was sought and

approved by the University of Hertfordshire Ethics committee (with delegated authority).

When using quotes from interviews and focus groups through the data analysis and
discussion, unique codes rather than names were used to ensure anonymity was

maintained.
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Table 4- Summary of studies with relevant ethical approval numbers

Chapter topic details Ethics number

Staff interviews - Six participants LMS/PGR/UH/02947
Exploring factors which affect
learning chemistry in non-
chemistry degrees from a
staff perspective

Student interviews- Twenty participants

Exploring factors which affect | across the year LMS/SF/UH/03462
learning chemistry in the groups

MPharm programme.

PeerWise data — Data from all

Student generated content cohort- aLMS/SF/UH/03467(1)
using PeerWise to support Results of

chemistry learning in Year 1 formative task and
midterm results

Focus groups Fourteen
The integration of science participants LMS/SF/UH/03939
within the MPharm curriculum

Questionnaires

Investigating students’ 70 responses LMS/PGR/UH/04581
perception of the relevance across three
of science within clinical cohorts

pharmacy practice

3.15 Research rigour

Ensuring the research rigour of a doctoral thesis which incorporates several studies as part
of a mixed methods approach requires careful consideration of several factors. When
considering the quantitative elements in this doctoral study, the ways to ensure that the
reliability and validity of the processes were reflected on (Denscombe, 2017). Consideration
was given to the sample size used in each study and the most appropriate statistical tests to
be used were discussed and justified. The raw data was anonymised to help prevent bias
and cleaned with any assumptions made as well as any possible limitations clearly
highlighted in a transparent manner (Kirkwood & Sterne, 2003). The survey instrument used
in phase 3 was developed with clear objectives in mind and reviewed for clarity and
consistency. It was piloted and further reviewed and revised prior to sharing with
participants (Cresswell & Cresswell, 2018). Adhering to these points helps to ensure the

results are reproducible.

With the qualitative elements of this doctoral study, it is acknowledged that a different
approach is needed to be assured of its quality (Seale, 1999). It is important that the data
and its analysis is trustworthy and truthful (Lincoln & Guba, 1985). The researcher took
steps to ensure the research is credible so therefore valid (Denscombe, 2017). Cresswell &

Poth, (2018) highlight the importance of being immersed in the data with extensive time
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spent reviewing it, developing a closeness and clear understanding of the participants from

the researcher’s perspective as a possible step to ensure credibility.

Other elements that were also considered were dependability (i.e. how reliable is the
research) and the conformability of the data collection (i.e. how objective the research was)
(Denscombe, 2017). An inductive approach, exploring ideas rather than testing a hypothesis
is a means for the researcher can remain openminded without a preconceived idea of
potential results. Ensuring that the researchers were adequately trained and so confident
and skilled to carry out the research helps to ensure dependability. Immersion into the data
with detailed notes of the analysis with coding and the development of themes also helps

ensure this

As discussed earlier, being a reflective researcher and being acutely aware of the
relationship between subject area and participants builds confidence in the conformability of
the research. Reflections at each stage were made and are presented in each chapter, most

specifically in the phases with qualitative data collection.

Finally, the factor of transferability which refers to how generalisable the research was
reflected upon (Denscombe, 2017) This is a challenging concept to consider with qualitative
data when small numbers of participants are used when compared to the relevant
population. Braun & Clarke, (2013) explain that clearly providing the context and conditions
with regard to the participants in the qualitative study ensures the reader can consider the
scope of the themes and if they are relevant to their population. Lincoln & Guba, (1985)
explain transferability as the reader of the research themselves taking the responsibility to

decide if the results ‘transfer’ to their own contexts.

The process of appropriately combining quantitative and quantitative data can strengthen the
research rigour with the results are integrated and interpreted, maximising the strengths of
the respective approaches and not being bound to one approach which could be considered

a weakness (Cohen et al., 2018).

3.16 General limitations of this overarching research
The limitations of this specific research approach are considered in this section with
limitations relating to each specific study in each of the three phases being considered and

discussed in the relevant chapters.

A mixed methods structure aims to reduce the limitations of using only one method but there
are still limitations that should be acknowledged. Mixed methods, although now established
and respected, is still relatively new so there is limited experience and expertise when

compared to other methods (Fabregues et al., 2021). Using multiple methods means that
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the researcher is unlikely to be an expert in all methods which could impact on the quality of
the research (Cresswell & Plano Clark, 2018). As this research was carried out during
academic study, the novice researcher participated in training and independent study prior to

developing and analysing any data for all methods.

There has been criticism of the typology definitions for mixed methods research and
presentation of results (Fabregues et al., 2021) but it is acknowledged that this is a complex
and time-consuming approach which required extensive research and planning before
embarking on it (Cresswell & Plano Clark, 2018). It is a suitable approach when both
qualitative and quantitative methods are needed to adequately answer research questions
(Borrego et al., 2009). With appropriate engagement with this approach, the presentation of
the findings and integrated analysis (Bazeley, 2018) can be seen as an important advantage
(Cresswell & Plano Clark, 2018)

This research is linked solely to one higher education institution so is not representative of all
pharmacy programmes in the UK. However, it is a type of pharmacy programme that is not
regularly represented in the published literature with a significant majority of students arriving
via the widening participating route. It is important to recognise that the structure of the
pharmacy programme continues to evolve, and it is not clear what impact these continued
changes will have with a growing emphasis on prescribing skills. In the context of this study,
it was conducted in a longitudinal approach and was part of a part time PhD so has taken
many years to complete. During this time, there has been a significant update in the UK
educational standards due to the introduction of the independent prescribing element within
the pharmacy undergraduate degree. The impact of possible potential bias and conflict in
researchers’ analysis should also be considered although this concern has been

contemplated at each stage to attempt to reduce this.

Even with the limitations and potential weaknesses, the mixed methods structure is the most
appropriate to allow a deeper understanding of the area and a more balanced conclusion to
the research questions. Consideration is given to the limitations of each individual study in

each results chapter and within the conclusion chapter.

3.17 Chapter summary

This chapter’s purpose was to set out the worldview of the overarching research. The
research paradigm was discussed, reviewed, and reflected on. It was confirmed that a
constructivist approach was the most appropriate underpinning paradigm. The research
tools that were most appropriate for addressing the research questions were justified and

explained to be consistent with this philosophy.
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Specifically, how data would be collected and reviewed as part of this PhD study was
discussed. This study is sub divided into three phases, with phase one being a quantitative
study of the cohort’s results from the use of a peer support tool in a formative and
summative setting. Phase two consisted of two studies with interviews and focus groups
collecting qualitative data using thematic analysis, using Braun and Clarke’s framework
(Braun & Clarke, 2006). The final phase, phase three, was the evaluation of teaching
intervention using a quantitative questionnaire with some free text questions providing a

qualitative component.
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Chapter 4 - Investigation into the impact of students’ demographic factors on their
engagement and attainment using a peer support tool

4.1 Introduction

This chapter describes phase one of this doctoral study. It details the investigation into
students’ interactions with a peer learning tool (PeerWise) as well as a subsequent
summative assessment to consider factors influencing learning chemistry within chemistry
non-major degrees. The participants of this study were students in their first year of study,
with the cohort consisting of Master of Pharmacy students as well as students studying on

the Bachelor of Pharmaceutical Science programme.

4.1.1 The research questions

For this phase of the study, the influence of demographic factors on contribution to a peer
support tool within the discipline of chemistry was investigated. This differs from previous
research on this tool which often focused on the link between engagement and subsequent
achievement (e.g. Casey et al., 2014; Fergus et al., 2021; Kay et al., 2020). Engagement,
motivation and attainment with the added context of available demographic factors will be

discussed following data analysis.

Whilst the overarching research aims of this thesis are to provide a deeper understanding of
learning and understanding of chemistry, this phase of the study specifically looks at a range

of identifiable factors which may potentially influence learning and attainment.
The research questions for this phase of the study are:

¢ Are students’ contributions to a peer learning support tool within a 1%t year chemistry
module affected by age, gender, prior learning and/or ethnicity?
e |s student attainment in a first-year chemistry module influenced by age, gender,

prior learning and/or ethnicity?

4.1.2 The use of a peer- support learning tool

PeerWise is an internationally available online peer-learning tool (PeerWise, 2025). This
collaborative environment allows students to create multiple choice questions (MCQs) and
answer other questions written by their peers. The difficulty of the questions can be rated,
and feedback provided. Students are encouraged to provide explanations on their questions
to support each other’s learning and understanding. This learning with and from peers
encourages cognitive development, supporting Vygotsky’s theories (Vygotsky, 1978) and his
concept of the zone of proximal development (Eun, 2019). There is also a scoring system
through the tool to provide encouragement via gamification to students, with a range of

virtual badges awarded for different types and levels of student contribution. The approach
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does appear effective with several institutions finding that students submit more questions
than suggested in the task instructions (Denny et al., 2008; Fergus, Hirani, et al., 2021;
Galloway & Burns, 2015).

The use of PeerWise has been researched over many years and has been considered in
relation to attainment. Hancock et al., (2018) found that incorporating this tool within a
science module improved academic performance of the cohort. In contrast, Hudson et al.,
(2018) found that generally answering a large number of questions was not enough to
produce an improvement in academic results. Further analysis found that this was related to
the quality of the questions in relation to Bloom’s cognitive domain (Anderson & Krathwohl,
2001). Answering multiple recall questions was not beneficial but writing higher level
questions which were given higher ratings showed a positive correlation in academic

performance (Hudson et al., 2018).

Many researchers have looked at using this tool on a range of programmes with 132
example articles listed via the PeerWise website (PeerWise, 2024). However, the focus for
this thesis is its use within chemistry in higher education so the critique and discussion will
mainly focus on articles from this area. Some of the research has considered the impact on
the students’ approach to learning and the depth of learning, so this is discussed further

below.

4.1.3 Learning approaches

A student’s approach to learning can influence how much learning and understanding is
achieved. Several distinctions between learning approaches have been identified
(Ramsden, 2003). They have been categorised primarily as surface or deep learning
approaches. A surface learning approach is associated with a low amount of effort and rote
learning the material rather than understanding it (Biggs & Tang, 2011). A student may use
a surface approach to their learning for several reasons; for example, a desire to only
achieve a minimal pass, limited time to study, a very high workload or an inability to
understand the topic (Biggs & Tang, 2011). On the other hand, a deeper learning approach
is associated with a more active and meaningful engagement with the subject material
(Marton & Salj6, 1976). Students tend to adopt a deeper learning approach if they perceive
the understanding and application of the material as important (Dunn et al., 2003). A
combination of both these two approaches has been identified in students and categorised
as a strategic approach (Race, 2019). Given the challenges faced with balancing studying
with other commitments, strategic learners adapt their learning approach at their discretion,
and they prioritise what they perceive to be important. The different ways students approach

learning has an impact on attainment. Amongst the different methods, studies have shown
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that self-testing is an effective way to successfully improve performance (Geller et al., 2018).
It can allow students to think and reflect on their learning and develop the skill of
metacognition (Livingston, 2003). Metacognition is the ability to think about, reflect and
regulate knowledge and understanding during studying (Livingston, 2003). Self-testing is a

key feature of the peer support tool used in this study.

Students often use a range of different ways to learn in relation to their overall approach
although the effectiveness of these methods can be varied with different impacts on the
depth of understanding developed. Their approach is also influenced by the time available
to them, perceived benefits as well as their general attitude and approach to learning (Bunce
et al., 2017). Rather than being a predetermined genetic trait, evidence suggests that
learning approaches are a dynamic attribute that can be adapted depending on the context,
perceived difficulty and workload demands (Ramsden, 2003). This point is very important
for educators as it means teaching and assessments can be designed which require critical
thinking and applying knowledge to a problem and therefore need a deep-learning approach
(Entwistle & Ramsden, 2015).

In higher education, chemistry topics build in complexity alongside the complexity of
chemical structures being considered. A deep understanding rather than rote learning is
needed to successfully progress. As new ideas and concepts are added to students’
existing knowledge and understanding, the risk of misconceptions forming has been
identified. This can mean that concepts are not only misunderstood but a clear alternative
concept idea can be formed (Taber, 2000). If a student has not fully understood an initial
concept, it is more likely that a misunderstanding of a later concept can occur. This will have

a cumulative impact on a students’ progression if not addressed (Levy Nahum et al., 2010).

Research into peer review and assessment is relevant to this support tool with Topping
(2009) finding that peer review elements within modules encourage the development of
critical thinking skills and metacognition; students reflect deeply on their own learning.
Galloway & Burns (2015) looked at two cohorts in year-long chemistry modules using
PeerWise and found the standard of the questions created to be generally high overall.
Students wrote creative questions with clear explanations and ‘plausible’ distractors which

demonstrated a deepening understanding of the topic through their deep learning approach.

4.1.4 Student motivation
One of the factors explored in this thesis, student motivation, has been discussed and

defined in chapter 2 as “the drive students have to participate in learning and strive towards

academic success’.
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A common categorisation of motivation suggests that it can be classified broadly as intrinsic
and extrinsic (Ryan & Deci, 2000), but there is evidence that argues this label is too
simplistic. Covington & Mueller, (2001) concludes that motivation is interwoven with self-
worth resulting in students working towards the specific end goal of success in assessments
to actively avoid failure. To ensure that students’ application of knowledge is a priority, this
needs to be considered in the delivery, teaching and assessment of a programme (Biggs &
Tang, 2011).

Cook & Artino (2016) provided an overview of the main motivational theories relevant to
learning. They highlighted and discussed five different theories with some recurring themes.
Using this knowledge, educators can consider the key concepts in these with an aim to
applying them during teaching. To encourage motivation, consideration should be given to
tasks and assessments that promote mastery, improve a student’s self-efficacy, support the
development of their autonomy and allow social interaction with peers in an inclusive

environment.

4.1.5 Student demographic factors
As well as study approaches, students’ intrinsic characteristics may have an impact on

academic achievement. Although these attributes may not be mutable, identifying and
highlighting the challenges within these groups of students could mean that further support

can be provided and raise their attainment.

The continuing issue of gender equality is an international one and it is acknowledged there
are often complex factors involved (Meinck & Brese, 2019). Following a detailed study in
England and Wales, Mcnabb et al., (2002) concluded that differences in academic

attainment between genders is not solely linked to gender itself.

In this study, ethnicities were considered individually to ensure that no group was
overemphasised or excluded as recommended by Gov.uk, (2024) However, some of the
analysis did group students into the previously used term of BAME to allow comparison to
important previous research to ascertain its place in the literature. The Black, Asian minority
and ethnic (BAME) ‘attainment gap’ has also been highlighted in recent years with white
students more likely to achieve a first or upper-class degree (UUK, 2019). Subject specific
data analysis has found that there was a 12% awarding gap between White students when
compared to BAME students with pharmacy degrees in the UK (Kam, 2020). However,
awarding gaps within pharmacy schools themselves were found to be between 37% in
favour of White students and 5% in favour of BAME students (Kam & Connelly, 2020).
These awarding gaps have been found to have widened during the COVID-19 pandemic
(Connelly, 2025). An RPS report (RPS, 2024) investigated the awarding gaps in degrees
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and registration assessment for Black trainees suggests that other contributing factors are

influencing this meaning that initiatives can and should be implemented to reduce these

gaps.

In addition, there has been a clear correlation found between prior learning and subsequent
exam success at university within the subject of chemistry (Seery, 2009). However, a
detailed study of the student population at the University of Bristol found that students from
disadvantaged backgrounds performed at a similar level at university despite having lower
admission qualifications (Hoare & Johnston, 2011). The study looked at data relating to 4305
undergraduate students. Despite the in-depth nature of this analysis, there was no statistical
difference arising when comparing students from disadvantaged backgrounds to other
students with respect to attainment on the two hundred degree programmes investigated
which were spread across the arts, social science, engineering and science. It highlights the
importance of the widening participation agenda as the lack of opportunity as well as barriers
to success in secondary education did not create a barrier at university level. These students

achieved well in the tertiary setting when this opportunity is provided.

Although this study investigated the influence some of these demographic factors have on
engagement and attainment, it is important to note that other student factors have been
proven to influence this in the United Kingdom. This includes socio-economic factors (Tan,
2024), caring responsibilities (Xue et al., 2023) and disability (which can include mental,
physical and learning) (OfS, 2021). These are extremely important factors which warrant

further research and investigation but are outside the scope of this project.

4.1.6 Effective Assessment Design

The educational philosophy of constructivism can be used as a starting point to explain how
students learn chemistry (Bodner, 1986). This viewpoint explains that students do not
categorise new knowledge separately when learning but attempt to construct meaning to it
and link it to previous knowledge. With this construction of knowledge, understanding is
needed and can be demonstrated in appropriately constructed assessments. The level of
cognitive achievement during learning can be classified using Bloom’s taxonomy (Bloom et
al., 1956; Krathwohl, 2002). This framework described a hierarchy of learning with the
lowest level of learning categorised as ‘remembering’ which could be achieved by a surface
level approach. A student demonstrating knowledge at the level of application and above is
working at a level that shows both knowledge and comprehension. Similarly, when asking
students to analyse or evaluate information, this requires a deeper level of understanding

and cognitive processing when compared to simply remembering facts.
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The terminology in Bloom'’s taxonomy has undergone critical discussion and revisions by
researchers over the years (Anderson & Krathwohl, 2001; Krathwohl, 2002) since their first
publication, with an acknowledgement that it is meant as a framework rather than a strict
instructional model. A revised version of this framework which amended the noun
descriptions to verbs as well as some re-ordering of the hierarchy was published by
Anderson & Krathwohl, (2001). In addition to this, these authors presented a case for the
top three levels of the hierarchy to be parallel rather than ranked which is illustrated below in

figure 9.

Creating, evaluating , analysing

Applying

Figure 9- Revised structure of Bloom’s Taxonomy adapted from (Anderson & Krathwohl,
2001)

This taxonomy describing the process of learning included more than just this cognitive
process. The second domain Bloom outlined was an affective domain of learning
(Anderson & Krathwohl, 2001; Bloom et al., 1973) which referred to an attitude which has a
direct impact on learning. This attitude impacts on the amount of active involvement the
student chooses to have with the learning, time spent actively participating in the process of
learning and organising this newly learnt information. Ryan, (2013) described the use of
PeerWise on a first-year foundation organic chemistry module and found that the students

enjoyed the interaction and support with it, specifically learning with and from their peers.

Attainment in assessments within the higher education setting should be linked to a thorough
knowledge and understanding across the subject area (Race, 2019). This academic
success is important for both students’ future careers as well as future learning. In addition
to measuring performance, one of the core purposes of assessment is to motivate students

to fully engage in learning (Race et al., 2005). Success in assessments is associated with
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much more than just the teaching content. The process of achieving well in an assessment
has been linked to many factors in both the students themselves as well as the teaching and

assessment methods employed (Biggs & Tang, 2011).

Whilst assessments are used to check that students have learnt and understand the taught
material, the use of assessment is pivotal, especially formative, for their learning (Brown,
2005). Being clear about the reasons why this area is part of the assessment as well as
constructive and comprehensive feedback (Nicol & Macfarlane-Dick, 2006) is important. The
functionality allowing feedback from the peers and this feedback cycle is fundamental to the
students’ learning with this tool (Carless, 2006).The importance of effective assessment
design is a topic that continues throughout this thesis and continues to be discussed in

future chapters.

4.2 Methods

4.2.1 Data Collection

The use of this peer- learning support tool (PeerWise) was incorporated as a homework task
which formed the formative assessment in a compulsory first year chemistry module in both
the pharmacy and pharmaceutical sciences programmes at the University of Hertfordshire.
Foundations in Pharmaceutical Chemistry (FPC) is a 30 -credit module taught across

semesters A and B in an academic year.

Students were required to create two questions on two pre-assigned topics and answer at
least five questions submitted by their peers. They were given deadlines to complete these
tasks, but it was also made clear that these were minimum standards for the assessment
and students could continue to create and answer questions for their own benefit and

development.

To set expectations for this assessment and provide support, students participated in an
introductory workshop which explained how to use the online tool as well as the specific
requirements of the task. Although this task was formative, the benefits of using this tool as
preparation for the summative midterm assessment were clearly explained in this workshop

and repeated in email communications with the students.

Ethics approval for this project from the University of Hertfordshire Ethics Committee was
sought and granted (aLMS/SF/UH/03467).

4.2.2 The overall data set
The peer- learning support tool allocated scores to students in relation to the quantity and

quality of their individually generated content as well as their ability to answer and feedback
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on other questions within the tool. An explanation of these various scores can be found in

table 5.

These raw scores from the cohort were accessed via the PeerWise database and exported

to Excel. The student factors of age, gender, ethnicity, and educational background were

sought from university student data as well as student performance data from the midterm

test results and matched to the PeerWise scores. A summary of all data collected can be

found in table 6.

Table 5- Explanation of scores produced from engagement with peer- support tool(PeerWise

- Documentation, 2018)

Score title

Explanation

Reputation score

This score uses an algorithm that aims to give an overarching
indication of the students’ performance. It incorporates the score of
three components: author score, question answering score and rating
score. Students are also rewarded by early engagement with the tool.

Author score

This is linked to the questions that the student has written. They gain
increasing marks when other students grade the questions as “good,
very good or excellent”.

Questioning
answering score

This score is related to the number of questions the student has
answered correctly. (The score decreases if answers are incorrect).

Rating score

This is linked to the students rating of other questions and the fairness
and consistency across the cohort.

Total answer
score

This score multiplies the number of correct answers the students gives
by 10 but there is also a reduction penalty if incorrect answers are
given. The size of this penalty is related to the number of distractors
in the multiple-choice question.

Table 6- Summary of data collected for each student participant

Data
Scores from peer support | Demographic data Student attainment on
tool module (all as %)
Reputation score age Progress test overall results
Author score gender MCAQ section results

Question (answering) score | Entry qualifications (i.e. prior | SAQ section results

learning)

Rating score

ethnicity

Total answer score
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Demographic information was expressed as a percentage in addition to numbers in the
results section to aid discussion and analysis. General engagement with the tool within the

student population was also presented and analysed before further statistical analysis.

4.2.3 Stratification of the data

To investigate whether there was any association between individual factors and the
outcomes (i.e. academic results and peer support tool scores), stratification analysis was
used. This allowed control over any confounding factors and appropriately attributed any
differences found to the correct specific factor (Kirkwood & Sterne, 2003). With the use of
this stratification and the Cochran-Mantel- Haenszel method (Agresti, 2002), a thorough
investigation into each of the demographic factors could take place to ascertain whether they
have a statistically significant impact on the outcomes. (Justification of the statistical method

chosen is discussed in section 4.2.5).

4.2.3.1 Age
Age was calculated from dates of birth and recorded as the age of the student at the start of

the programme. Students were then categorised as ‘young’ or mature in accordance with
the Higher Education Statistics Agency (HESA) definition (HESA, 2019) or undergraduate
students, students under 21 years of age are classed as young, whereas students who are

21 years and over are categorised as mature students.

4.2.3.2 Entry qualification

Using the information from the national discussion around entry qualifications (UCAS, 2021)
students were grouped into either entry via traditional routes or entry via widening
participation routes. With reference to this dataset, routes that were classed as traditional
were A levels, Irish Highers and international baccalaureates. Widening participation routes

included foundation years, initial years (level 0) and BTEC qualifications.

4.2.3.3 Gender
The recording of gender categories was taken from student record data where students self-

selected this information. Within this dataset, no student chose not to answer so all data

fitted in the two categories of either male or female.

4.2.3.4 Ethnicity
Students self-declared ethnicity on admission (out of 17 categories), so the stratification of

this data aimed to respect this decision as much as possible. Table 7 shows the details on

how students were grouped together in this characteristic.
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Table 7-Explanation of how ethnicity categories were grouped together

Ethnicity Students included

Arab This was selected where students selected ‘Arab’ if this is how they self-
identify.

British This includes students who identify as Asian - Bangladeshi, Asian -Indian and

Asian/Asian Asian - Pakistani, Other Asian and Chinese.

British This includes students who identify as Black African and Black Caribbean and

Black/black Black Other.

White This includes students who identify as White British, White Welsh, White Irish
and White Other.

Other This includes students who identify as mixed other, other ethnic, mixed
white/Asian, mixed White/Caribbean.

Not stated This category includes students who chose ‘information refused’.

This level of stratification of data also ensured the data was sufficiently anonymised to

prevent identification of individuals arising from analysis of these demographic factors.

4.2.4 Cleaning the data

During analysis, data from the demographic factors mentioned earlier were compared with
scores from PeerWise as well as assessment results from the first-year chemistry module.
There were no entries with missing demographic data but there were missing assessment
results and PeerWise scores. These were excluded from analysis. These missing entries
were due to students’ early withdrawal from the programme or because of them switching to

dormant status. This was not investigated further as it was outside the scope of the study.

4.2.5 Data analysis and justification of chosen statistical method

The dataset was divided into subgroups to facilitate comparison and establish whether
differences in the results were as a consequence of the demographic factors or by chance.
Excel (version Office 365) was chosen to analyse data, with the Cochran-Mantel-Haenszel
(CMH) method being the statistical approach selected. This statistical method was chosen
as it is a robust method that allows the examination of any possible association between the
data whilst controlling for the confounding variables which may lead to incorrect association
or bias (Kirkwood & Sterne, 2003).

A range of statistical tests were considered prior to choosing the CMH method. The
statistical approach needed to evaluate any association between two variables while
accounting for the possible effects of confounding variables. The simple chi- squared test

method was considered but quickly ruled out as controlling for confounding variables would
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not be possible (Kirkwood & Sterne, 2003). One possible approach that was considered was
logistic regression (Cohen et al., 2018; Howell, 2007). However, this approach is considered
more appropriate with very large datasets (Agresti & Finlay, 2009), and it was noted that
some data groups were small following stratification in this study. In addition, when
compared with logistic regression, the CMH test is less complex and provides results that
are easier to interpret (Kirkwood & Sterne, 2003) so makes it a more suitable statistical

approach for this phase of the thesis research questions.

Next, the use of the mean or the median was considered for this study. For interpretation of
this data, calculation of the median was deemed the most appropriate as this prevents
skewing of the data due to outlying extreme scores at either end of the dataset (Hofer &
Murphy, 2000).

4.2.6 Summary of results presentation
The cleaned dataset was stratified into the subgroups shown in table 8 for analysis.

Table 8- List of stratified dataset with the relative subgroups per factor

Factor(s) Sub group
Age Group 1 — students within HESA definition of mature student
Group 2 — students within HESA definition of young student
Entry Group 1 — Students following the traditional entry route
requirements Group 2 — Students following the widening participation route
Gender Group 1 — students who identified as male
Group 2 — students who identified as female
Ethnicity Group 1 — students who identified as white

Group 2 — students who identified as BAME
Group 1 — students who identified as Black African and Black other
Group 2 — students who identified as white
Group 1 — students who identified as Asian
Group 2 — students who identified as white
Group 1 — students who identified as Arab
Group 2 — students who identified as white
Group 1 — students who identified as Black (all)
Group 2 — students who identified as Asian
Group 1 — students who identified as Arab
Group 2 — students who identified as Asian
Age and gender Group 1 — mature females

Group 2 — young females

Group 1 — mature males

Group 2 — young males

Group 1 — mature females

Group 2 — mature males

Group 1 — young females

Group 2 — young males

Ethnicity, age and | Group 1- young white females

gender Group 2 - young BAME females

Group 1 - young white females

Group 2 —young BAME females
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Finally, although not a demographic factor, the separate cohorts of the MPharm and the BSc
Pharmaceutical Science programme were compared to ascertain if there were any
differences between them. The MPharm students were classed as group 1 and the BSc

Pharmaceutical Science were group 2.

These subgroups were compared with respect to the individual scores reported in the
PeerWise dataset and the mid-term assessment results. To achieve this, median values in
each subgroup for each of the scores were calculated and results were divided into the two
categories needed for the contingency tables that inform the CMH analysis. The categories
were classed as ‘positive’ or ‘negative’ responses, where a score that was lower than the
median score was classed a ‘negative response’ and a score that was the median score or

above this was classed ‘positive’.

4.2.7 Calculation of unadjusted odds ratio
Two by two contingency tables were constructed from the stratified datasets.

positive response negative response

Group 1 d b

Group 2 C d

Figure 10- Example of a two by two contingency table used to calculate unadjusted odds
ratio (OR) and the confidence interval

The unadjusted odds ratio for each group was calculated by using the formula
OR=(axd)=(bxc)

Where:

a is the results from group 1 and the positive score sub group

b is the results from group 1 and the negative score sub group

c is the results from group 2 and the positive score sub group

d is the results from group 2 and the negative score sub group

95% confidence intervals were calculated using the following formulae:
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« Upper 95% Cl = e A [In(OR) + 1.96 V(1/a + 1/b + 1/c + 1/d)]
o Lower 95% Cl = e A [In(OR) - 1.96 V(1/a + 1/b + 1/c + 1/d)]

90% confidence intervals were calculated using the following formulae

o Upper 90% Cl =e A [IN(OR) + 1.645 \(1/a + 1/b + 1/c + 1/d)]

e Lower 90% Cl = e *[In(OR) - 1.645 \(1/a + 1/b + 1/c + 1/d)]
Differences between groups as demonstrated by the odds ratio was classed as statistically
significant where the odds ratio does not equal 1 and the calculated confidence interval does

not contain the value of 1 (Agresti & Finlay, 2009).

4.2.8 Calculation of adjusted odds ratio

The independence of the stratified data was considered regarding any potential confounding
variables within the demographic factors being considered. When the data was analysed, it
was found that there was a greater than 10% difference between the categories of HESA
mature students and young students. There was also a greater than 10% difference
between males and females. Because of this, adjusted odds ratios were calculated adjusted

for age and for gender (separately) were calculated.

To consider the confounding variable of gender, adjusted odds ratios were calculated. The
two by two contingency tables were separated into two further tables (named X and Y).
Table X contained male data and table Y contained female data (Kirkwood & Sterne, 2003).

A template for these contingency tables can be found in figure 11 and full data can be found

in appendix A.
Table X (male) Table Y (female)
Tx =total number Ty =total number
positive response negative response positive response | negative response
Group
Group 1 aX bX : aY by
Group
Group 2 cX dX 5 cY dY

Figure 11-Example of the contingency tables used to calculate adjusted odds ratio (aOR)
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The adjusted odds ratio was calculated using the formula:

aOR =[(aX dX + Tx) + (aydy+ Ty) ] + [(bx cx + Tx) + [(by cy + Ty)]
Where a, b, ¢, and d represent the different categories of the Contingency tables X
and Y, and Tx and Ty represent the total number of respondents in Contingency

Table X and Y respectively.

This method was followed again adjusting for age, with table X containing data for age
categorised as HESA young (i.e. less than 21 years) and table Y containing data for age

categorised as HESA mature (i.e. 21 years and older).

4.2.9 Validity and reliability of this phase of the research

Multiple steps were taken to be assured that this data collection and analysis was valid and
reliable (Denscombe, 2017). The statistical test was considered and researched prior to its
selection to ensure it was appropriate and suitable (see section 4.25). The data was fully
anonymised to prevent any potential bias and cleaned for missing data or errors (Kirkwood
and Sterne, 2003).

In terms of reliability, the calculations were completed using Excel. They were completed by
the PhD student but were also checked independently by one of the supervisors.

Calculation formulae and methods were checked prior to the data being analysed (Cresswell
& Cresswell, 2018).

4.3 Results

4.3.1 Number of students

A total of 138 undergraduate students were initially enrolled on the Year 1 module FPC.
During cleaning of the full dataset, it was found that 21 students (15%) had withdrawn early
from the programme and not engaged with the peer support tool. Reasons for their removal
from the course were not investigated as this was outside of the research question remit.
This resulted in a total of 117 students being included in the cleaned data analysis. From

this cleaned data, the following results were calculated.

4.3.2 Age

Age was calculated as the students’ ages at the start of the programme. The median age
was 19 with an age range of 18 to 39 years. There were 72 students 19 years of age or
below (median and below) and there were 45 students above 19 years of age. (This works
out as 62% and 38% respectively). Using the HESA categorisation (HESA, 2019), there

were 29 mature students (25%) and 88 students classified as young (75%) within the cohort.
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4.3.3 Gender
There were 32 males (27%) and 85 females (73%) participants. (Participants self-reported
their gender)

4.3.4 Routes to Higher Education

Widening participation was defined in line with the UCAS definition (UCAS, 2021). Students
who were identified as having international qualifications or a previous undergraduate
degree were excluded from this categorisation. For international qualifications, it was not
possible to ascertain whether their pre- admission course fitted within the widen participation
agenda as the UCAS definition is specifically linked to the UK only. For students with
previous undergraduate degrees, there was not sufficient data to ascertain if their initial entry
criteria for their first degree was via the non A-level progression route. (11 students were

excluded from this section of the analysis).

There were 50 students (47%) who were identified as having taken the traditional

qualification route and 56 (53%) who had widening participation qualifications.

4.3.5 Ethnicity
When categorising the data, ethnicities were grouped together as explained in table 7 in the

methods section. The distribution of ethnicities is shown in table 9 below.

Table 9- Distribution of ethnicities across categories provided by admissions data

Ethnicity Number of
participants
(%)
Arab Includes Arab category only 13 (11%)
British Includes Asia Bangladesh, India and 47 (40%)
Asian/Asian Pakistan, other Asian and Chinese.
British Includes African and Caribbean and other 28 (24%)
Black/black black.
White Includes White British, White Welsh, White | 16 (14%)
Irish and White other.
Other Includes mixed other, other ethnic, mixed 9 (8%)
White/Asian, mixed White/Caribbean.
Not stated Include information refused 4 (3%)

When analysing the ethnicity data, four were excluded as they chose to not state ethnicity.

Students who identified as Chinese were categorised within the Asian overall group. There
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was only one student in this category so it would be inappropriate to have a separate group

as it would no longer be anonymous.

Some students identified as mixed race and have grouped themselves as: mixed other,
other ethnic, mixed white/Asian, mixed white/Caribbean. These have categorised in a group

together called ‘other’ which fits with the same named category on the admissions form.

4.3.6 Median scores

Median scores for each of the PeerWise scores and mid-term test results were calculated in

order to be able to compare and analyse them.

It should be noted that the pass mark for the midterm test is an overall mark of 40% or

above.

Table 10- Attainment score medians, ranges and standard deviations from all attainment
categories being analysed

Score type Median value | Range
PeerWise reputation score | 380 6-2017
PeerWise author score 8 0-54
PeerWise question 29 2- 294
(answering) score

Rating score 9 0-98
Total answer score 49 -2 -1820
Progress test overall 60% 12 - 88.02%
results

Progress test — MCQ 66.7% 6.7 - 100%
component

Progress test — SAQ 57% 0- 90%
component

4.3.7 General engagement with the peer-support tool
100% (117) of students within the cohort who completed the full year engaged with the tool

to some extent, but not all completed the specified task which was to write at least 2
questions and answer at least 5 questions. In all, 10% (12 students) of students did not
complete the task to the exact instructions set. Of those 117 students, 3 students did not
answer enough questions, and 9 students did not write enough questions as instructed. As

all 117 students used the tool to some extent, all were included in the analysis.
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4.3.8 Statistical analysis

4.3.8.1 Results of calculation of unadjusted Odds Ratios

Using the stratified groups, unadjusted odds ratio in relation to each demographic category
were calculated (Kirkwood & Sterne, 2003). These were calculated first with a 95%
confidence interval and then with a 90% confidence interval. These are presented in tables
11 and 12 below. Odds ratios are highlighted in yellow for if they are statistically significant
within 95% confidence interval (and therefore also the 90% confidence interval). They are

highlighted green if they are only statistically significant for 90% confidence interval.
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Table 11-Unadjusted Odds ratio for age, education and gender factors with a 95% confidence interval and 90% confidence interval

(The confidence interval is shown in parentheses — 95% is shown in black and 90% is shown in blue underneath)

Attainment Stratifer
score
Age Education | Gender females | Males and Mature females v Young females v young
(HESA) (malesv and age | age mature males males
females)
reputation 2.79 1.08 0.20 2.46 0.59 15.20 3.66
score (1.1-6.8) (0.5-2.3) (0.1-0.5) (0.8-7.5) (0.1-6.2) (1.0-168.0) (1.4-9.7)
(1.3-5.9) (0.6-2.1) (0.1-0.4) (1.0-6.3) (0.1-4.2) (2.0-114.2) (1.6-8.3)
author score 1.66 1.21 0.49 1.39 2.18 1.33 2.09
(0.7-4.0) (0.6-2.6) (0.2-1.1) (0.5-3.7) (0.3-15.3) (0.2-9.7) (0.8-5.3)
(0.8-3.4) (0.6-2.3) (0.2-1.0) (0.6-3.2) (0.4-11.2) (0.3-0.7) (1.0-4.5)
question
answering 2.28 1.35 0.33 2.90 0.50 12.00 2.07
(1.0-5.5) (0.6-2.9) (0.1-0.8) (1.0-8.3) (0.0-5.2) (1.1-129.4) (0.8-5.3)
score (1.1-4.7) (0.7-2.6) (0.2-0.7) (0.7-3.6) (0.1-3.5) (1.6-88.3) (0.9-4.6)
total answer 1.42 0.75 0.37 1.59 0.43 8.00 2.14
score (0.6-3.3) (0.3-1.6) (0.2-0.9) (0.6-4.3) (0.0-4.4) (0.8-83.9) (0.8-5.4)
(0.7-2.9) (0.4-1.4) (0.2-0.7) (0.7-3.6) (0.1-1.0) (1.1-57.5) (1.0-4.7)
question 1.79 1.01 0.38 1.70 1.33 3.00 2.36
rating score (0.8-4.2) (0.5-2.2) (0.2-0.9) (0.6-4.3) (0.2-9.5) (0.4-21.7) (0.9-6.1)
(0.9-3.7) (0.5-1.9) (0.4-1.7) (0.7-3.9) (0.3-6.9) (0.6-15.8) (1.1-5.2)
progress test 0.89 1.17 0.86 0.67 2.18 0.56 1.83
score (0.4-2.1) (0.5-2.5) (0.4-1.9) (0.3-1.7) (0.3-15.3) (0.1-4.0) (0.7-4.6)
(0.4-1.8) (0.6-2.2) (0.4-1.7) (0.3-1.5) (0.4-11.2) (0.1-2.9) (0.8-4.0)
progress 0.85 1.47 1.1 0.77 1.39 0.56 1.02
MCQ score (0.4-2.0) (0.7-3.2) (0.5-2.5) (0.3-2.0) (0.2-9.7) (0.1-4.0) (0.4-2.5)
(0.4-1.7) (0.8-2.8) (0.6-2.2) (0.3-1.7) (0.3-7.1) (0.1-2.9) (0.5-2.2)
progress 0.81 1.37 0.89 0.67 1.62 0.56 1.36
SAQ score (0.4-1.9) (0.6-2.9) (0.4-2.0) (0.3-1.7) (0.2-11.3) (0.1-4.0) (0.5-3.4)
(0.4-1.6) (0.7-2.6) (0.4-1.8) (0.3-1.5) (0.3-8.2) (0.1-2.9) (0.6-2.9)
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Table 12-- Unadjusted Odds ratio for ethnicity factors with a 95% confidence interval and 90% confidence interval

(The confidence intervals are shown in parentheses — 95% is shown in black and 90% is shown in blue underneath)

Attainment Stratifer
score
White v Black v Asianv Arabv Blackv Blackv Arabv Young Young white
BAME white white white Asian Arab Asian white v v Black @
BAME @
reputation 0.98 0.71 1.00 2.25 0.71 0.31 2.25 0.95 4.50
score (0.3-2.8) (0.2-2.4) (0.3-3.1) (0.5-10.4) (0.3-1.8) (0.1-1.3) (0.6-8.3) (0.2-3.8) (0.6-34.6)
(0.4-2.4) (0.3-2.0) (0.4-2.6) (0.6-8.1) (0.3-1.5) (0.1-1.0) (0.8-6.7) (0.3-3.0) (0.8-24.9)
author score 0.55 1.20 1.96 4.29 0.61 0.28 2.18 0.39 0.67
(0.2-1.6) (0.4-4.1) (0.6-6.2) (0.8-21.8) (0.2-1.6) (0.1-1.2) (0.5-9.0) (0.1-1.6) (0.1-4.4)
(0.2-1.3) (0.4-3.4) (0.8-5.1) (1.1-16.8) (0.3-1.3) (0.1-1.0) (0.7-7.2) (0.1-1.2) (0.1-3.2)
question 0.73 1.04 1.29 2.89 0.81 0.36 2.25 0.35 1.29
answering (0.3-2.1) (0.3-3.6) (0.4-4.0) (0.6-13.5) (0.3-2.0) (0.1-1.4) (0.6-8.3) (0.1-1.5) (0.2-10.5)
score (0.3-1.8) (0.4-2.9) (0.5-3.3) (0.8-10.5) (0.4-1.8) (0.1-1.2) (0.8-6.7) (0.1-1.2) (0.2-7.5)
total answer 2.49 0.27 0.36 1.1 0.75 0.24 3.07 0.15 0.42
score (0.8-8.3) (0.1-1.0) (0.1-1.3) (0.2-6.2) (0.3-1.9) (0.1-1.1) (0.7-12.5) (0.0-0.8) (0.1-3.4)
(0.9-6.8) (0.1-0.8) (0.1-1.0) (0.3-4.7) (0.3-1.6) (0.1-0.8) (0.9-10.0) (0.0-0.6) (0.1-2.4)
question 1.26 0.73 0.66 0.91 1.10 0.80 1.38 1.33 4.50
rating score (0.4-3.7) (0.2-2.5) (0.2-2.1) (0.2-4.0) (0.4-2.8) (0.2-3.0) (0.4-4.7) (0.3-5.3) (0.6-34.6)
(0.5-3.1) (0.3-2.0) (0.3-1.7) (0.3-3.1) (0.5-2.4) (0.3-2.4) (0.5-3.9) (0.4.-4.2) (0.8-24.9)
progress 1.02 0.81 1.29 0.86 0.63 0.95 0.67 0.30 0.43
test score (0.4-2.9) (0.2-2.8) (0.4-4.0) (0.2-3.7) (0.2-1.6) (0.3-3.5) (0.2-2.3) (0.1-1.3) (0.1-3.0)
(0.4-2.5) (0.3-2.3) (0.5-3.3) (0.3-2.9) (0.3-1.4) (0.3-2.9) (0.2-1.9) (0.1-1.0) (0.1-2.2)
progress 0.94 1.23 1.09 1.17 1.13 1.05 1.07 0.32 0.43
MCQ score (0.3-2.7) (0.4-4.2) (0.4-3.4) (0.3-5.1) (0.4-2.9) (0.3-3.9) (0.3-3.7) (0.1-1.4) (0.1-3.0)
(0.4-2.3) (0.4-3.4) (0.4-2.8) (0.3-4.0) (0.5-2.5) (0.4-3.2) (0.4-3.0) (0.1-1.1) (0.1-2.2)
progress 0.73 1.38 1.40 0.80 0.99 1.71 0.58 0.30 0.14
SAQ score (0.3-2.1) (0.4-4.7) (0.4-4.4) (0.2-3.6) (0.4-2.5) (0.5-6.5) (0.2-2.0) (0.1-1.3) (0.00-0.12)
(0.3-1.8) (0.5-3.9) (0.5-3.6) (0.2-2.8) (0.5-2.1) (0.6-5.3) (0.2-1.6) (0.1-1.0) (0.1-0.8)

95



4.3.8.2 Post hoc analysis - Adjusted odds ratios calculations
Age and gender were identified as potential compounding factors. Using the HESA

definition for age of undergraduate students in the UK (HESA, 2019). The total number of
participants that were classified as ‘young’ were 88 and total number that were classified as

‘mature’ was 29, meaning there was more than a 10% difference in these groups.

Again, with gender, it was found that the total number of participants that were female were
85 and total number of males was 32, meaning there was more than a 10% difference in

these groups.

Tables 13 and 14 show the results of the adjusted odds calculations.
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Table 13- Adjusted Odds ratio (adjusted for age as confounding factor) with a 95%
confidence interval and 90% confidence interval

(The confidence intervals are shown in parentheses — 95% is shown in black and 90% is

shown in blue underneath)

Attainment
score
Education Gender Ethnicity
(ieAlevelsv (malesv (white/BAME)
widening females)
participation)
reputation 1.46 0.21 1.20
score (0.5-2.3) (0.1-0.5) (0.3-2.8)
(0.6-2.1) (0.1-0.4) (0.4-2.4)
author score 1.49 0.52 0.60
(0.6-2.6) (0.2-1.1) (0.2-1.6)
(0.6-2.3) (0.2-1.0) (0.2-1.3)
question 1.93 0.36 0.86
answering (0.6-2.9) (0.1-0.8) (0.3-2.1)
score (0.7-2.6) (0.2-0.7) (0.3-1.8)
total answer 0.86 0.37 2.69
score (0.3-1.6) (0.2-0.9) (0.8-8.3)
(0.4-1.4) (0.2-0.7) (0.9-6.8)
question 1.15 0.40 2.34
rating score (0.5-2.2) (0.2-0.9) (0.4-3.7)
(0.5-1.9) (0.2-0.8) (0.5-3.1)
progress 1.20 0.70 1.61
test score (0.5-2.5) (0.4-1.9) (0.4-2.9)
(0.8-2.8) (0.4-1.7) (0.4-2.3)
progress 1.15 1.10 1.43
MCQ score (0.7-3.2) (0.5-2.5) (0.3-2.7)
(0.8-2.8) (0.6-2.2) (0.4-2.3)
progress 1.33 0.65 1.11
SAQ score (0.6-2.9) (0.4-2.0) (0.3-2.1)
(0.7-2.6) (0.4-1.8) (0.3-1.8)




Table 14 - Adjusted Odds ratio (adjusted for gender as confounding factor) with a 95%
confidence interval and 90% confidence interval

(The confidence intervals are shown in parentheses — 95% is shown in black and 90% is

shown in blue underneath)

Attainment
score
Age (HESA) Education Ethnicity
(mature v (i.e. Alevelsv | (white/BAME)
young) widening
participation)
reputation 3.51 0.95 0.96
score (1.1-6.8) (0.5-2.3) (0.3-2.8)
(1.3-5.9) (0.6-2.1) (0.4-2.4)
author score 1.41 1.33 0.57
(0.7-4.0) (0.6-2.6) (0.2-1.6)
(0.6-2.0) (0.8-2.3) (0.2-1.3)
question 2.78 0.97 0.49
answering (1.0-5.5) (0.6-2.9) (0.3-2.1)
score (0.7-2.4) (0.2-2.6) (0.3-1.8)
total answer 1.54 0.56 0.9
score (0.6-3.3) (0.3-1.6) (0.8-8.3)
(1.2-11.0) (0.4-1.4) (0.9-6.8)
question 1.69 0.85 1.51
rating score (0.8-4.2) (0.5-2.2) (0.4-3.7)
(0.7-2.4) (0.5-1.9) (0.3-1.8)
progress 0.69 1.33 0.63
test score (0.4-2.1) (0.5-2.5) (0.4-2.9)
(0.4-1.4) (0.6-2.2) (0.4-2.5)
progress 0.78 0.91 0.69
MCQ score (0.4-2.0) (0.7-3.2) (0.3-2.7)
(0.5-1.8) (0.4-1.7) (0.4-2.3)
progress 0.69 1.93 0.63
SAQ score (0.4-1.9) (0.6-2.9) (0.3-2.1)
(0.5-1.8) (0.7-2.6) (0.3-1.8)
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4.3.8.3 Comparison of cohorts

Although not a demographic factor, the data were separated into specific cohort groups to
investigate whether there was any difference between the cohorts themselves, a BSc

Pharmaceutical Science group and a MPharm programme group were analysed.

Table 15 - Unadjusted Odds ratio with a 95% confidence interval and 90% confidence

interval

(The confidence intervals are shown in parentheses — 95% is shown in black and 90% is

shown in blue next to it)

Attainment

score

MPharm students versus BSc

Pharm sci students

reputation score

1.62
(0.7-3.8) (0.8-3.3)

author score

2.73
(1.1- 6.5) (1.3-5.6)

question

answering score

0.93
(0.4-2.2) (0.5-1.9)

total answer

score

1.23
(0.5-2.8) (0.6-2.5)

question rating

Score

0.81
(0.3-1.9) (0.4-1.6)

progress test

score

3.62
(1.4-9.1) (1.7-7.8)

progress MCQ

3.79

score (1.5-9.5) (1.8-8.2)
progress SAQ 2.15
score

(0.9-5.1) (1.0-4.4)
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4.4 Explanation of results

4.4.1 Students’ contribution to the peer support tool

Despite the PeerWise task being formative, contributions were high with 90% of students
engaging fully with the task instructions. Previous studies at other universities using
PeerWise have seen much lower engagement. Walsh et al., (2018) reported 40% to 57%
engagement when using PeerWise as a formative tool in several cohorts of undergraduate
medical school students. Howe et al., (2018) used this tool in a cohort of second year
psychology undergraduates and although all students answered some questions, only 20%
of them wrote any questions at all. The academic leading on this educational initiative at the
University of Hertfordshire ensured all students attended a compulsory workshop to explain
the task and were able to practise using the tool. The benefits of the exercise were also
explained, and they were taught how to write multiple-choice questions. Motivational
messages were also communicated throughout the term. This approach may have had a
positive effect on the engagement with the tool. Fergus et al., (2021) found similarly high
engagement levels with 97.8% of students creating questions. Although these students are
from different cohorts, they had the same academic support and were studying at the same

university.

It was also noted a wide range of PeerWise scores were achieved across the cohort. These
scores are linked to how much students contribute, and they often exceeded the task
instructions (see table 10 in section 4.3.6). It is argued that students appreciate the value of
this task and its role in revision and thus attainment so utilised it as a beneficial revision tool.
From previous research, questionnaires completed by a first-year university cohort studying
pharmacy (Fergus, 2019) showed that students discovered it improved their understanding
and they also appreciated this learning community, valuing the positive feedback they
received for their authored questions. Although these students studied at the same
university, they were a different cohort to those in this study. However, a case study with
medical students in New Zealand (Smith et al., 2020) found the opposite where students
were disengaged with this type of learning task when they did not understand or appreciate
the immediate benefit. This suggests the awareness of the benefits of this peer support tool

are not always recognised by students.

The different scores generated by PeerWise are linked to different aspects of the task. A
basic explanation can be found in table 5 in section 4.2.2. These scores are however also
influenced by other factors, and it is beneficial to have a better understanding of these before

discussing the results in more detail. Table 16 provides a detailed explanation:
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Table 16 - Further explanation of score components given by PeerWise for data analysis

Title of score

Explanation

PeerWise

reputation score

This score is a combination of a number of factors. Students’ score will increase
if they answer questions early, they write questions that their peers rate well and

if they rate questions that their peers also rate the same way.

PeerWise author

This is influenced by peers’ rating of their questions but also linked to early

(answering) score

score submission.
PeerWise This is linked to answering an increasing number of questions but is also linked
question to other students agreeing with the student answers. It will benefit students who

participate early.

Rating score

This is linked to the number of questions a student rates (in agreement with
peers) but this score also increased if work is done early compared to peers

(This is therefore also linked to rating questions fairly)

Total answer

score

This score is the number of questions a student gets correct (it assumes that the

author’s suggested answer is correct).

4.4.2 Impact of demographic factors

4.4.2.1 Age

The stratified analysis used to calculate both the adjusted and unadjusted odds ratio (aOR

and uOR) found that older students were significantly more likely to achieve a median or
above reputation score (aOR = 3.51 uOR = 2.79, 95% CI 1.1, 6.8).

There were no other significant differences noted at a 95% confidence interval. However, at

a 90% confidence interval, it was found that older students also achieved a higher question
answering score (aOR =2.78 uOR = 2.28, 90% CI 1.1, 6.8).

This reputation score incorporates several factors (see table 16) but essentially was higher

in students who are authoring and answering a larger number of questions early in the

course (when compared with their peers). In a similar vein, the answer score also benefits

students who use the tool earlier when compared to their peers. Previous research found

that mature students were more likely to adapt a deep approach to learning rather than a

surface approach (Richardson, 1994). The reasons for this can be hypothesised; it is found

that mature students are more likely to have family or caring responsibilities as well an

employment commitments when compared to their younger student counterparts (HEPI,

2021). This may mean they have less flexibility in terms of when they can complete the

tasks which will impact on these scores (as studying earlier would result in a higher score).

However, this hypothesis cannot be tested further in this study as caring responsibilities was
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not available. Despite a higher performance in these PeerWise scores, there was no

difference in attainment in the summative midterm test.

4.4.2.2 Educational background

There were no significant differences found within this category using either a 95% or 90%
confidence interval. This may provide reassurance that despite students being admitted with
a range of prior educational experiences, the different types of qualifications are not
advantaging or disadvantaging any particular sub-group. From lived experience as an
academic, students coming from a non-traditional route have often vocalised that they
perceive A-level students to be ‘better’ academically at university. This current analysis
could not investigate the factor of prior attainment further due to the lack of visibility of full
admissions data for students results in the central system but is indicative that this

perception does not hold true for this cohort of students at least.

4.4.2.3 Impact on programme of study
Post-hoc analysis was carried out to compare the cohorts on the different programmes.

There were 88 students on the MPharm programme (75%) and 29 students (25%) on the
BSc Pharmaceutical Science programme. These two programmes have different
admissions criteria. Students on the BSc Pharmaceutical Science pathway require at least a
C grade in A level chemistry or equivalent in an alternative qualification. Students on the
MPharm programme are required to achieve at least a B in A level chemistry or alternative
equivalent (University of Hertfordshire, 2025a, 2025b). (This cohort did not contain any
students with a BTEC qualification).

From analysis, it was found that there was a significant difference in the PeerWise author
score, with the MPharm cohort gaining a higher score (OR 2.73, 95% CI 1.1, 6.5). The
MPharm cohort also performed better in the summative midterm test overall (OR 3.62, 95%
Cl 1.4, 9.1) and the MCQ component (OR 3.79, 95% CI 1.5, 9.5). This is consistent with
other research which specifically linked the author score to attainment in summative tests
(Denny et al., 2008; Hancock et al., 2018; Hudson et al., 2018). It can be hypothesised that
authoring questions requires students to think deeply about the topic area and fully
understand it. Students have not been required to author questions before and find it to be a
challenging and time-consuming task and fulfilling this task required a better understanding
of the topic (Fergus, 2019). They also needed to provide a clear explanation and plausible
extractors which continue to build their metacognitive skills and a deep understanding of the
topic. The use of PeerWise on a chemistry programme at the University of Bristol (Adams,
2021) found that students developed a better understanding of a topic when specifically

tasked with authoring ‘good’ multiple choice questions. The differences between the
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programmes could be linked to prior knowledge which has been shown to be a factor in
predicting success in chemistry at university (Hailikari et al., 2008; Seery, 2009). However,
as students may have gained higher than admission requirements and as both programmes
may have accepted students through the UCAS clearing process, it is not possible to draw

definitive conclusions regarding prior attainment in this study.

4.4.2.4 Gender

This cohort had substantially fewer males than females with 32 males (27%) and 85 females
(73%). It was found that females were significantly more likely to achieve a median or above
score in several of the PeerWise metrics; reputation score, question answering score, total
answer score and question rating score. This was shown by both the adjusted and

unadjusted odds ratio calculations (aOR and uOR) shown below:
Reputation score (aOR = 0.21 uOR = 0.20, 95% CI 0.1,0.5).
Question answering score (aOR = 0.36 uOR = 0.33, 95% CI 0.1, 0.8).
Total answer score (aOR = 0.37 uOR = 0.37, 95% CI 0.2, 0.9).
Question rating score (aOR = 0.40 uOR = 0.38, 95% CI 0.2, 0.9).

It is of interest to try and understand why these differences may arise. Research into
motivations and self-esteem has found significant differences between the genders.
Females are more likely to be intrinsically motivated and more likely to have a lower self-
esteem than their male counterparts, and this is even more common in mature females
(Murphy & Roopchand, 2003). This low self-esteem can have the impact of increasing
engagement with tasks due to the fear of poor academic results otherwise and may help to
contextualise the observations made in this study. There is further evidence that male
students are more confident in their abilities. A three-year longitudinal study researching
male psychology students (Sanders et al., 2009) found that a significant proportion had high
self-esteem and expected higher marks than (female) peers although Sanders found that
results across the genders were comparable with course marks actually slightly lower in the

male groups.

Interestingly, despite the clear higher contribution in the female group in our cohort, there
was no difference seen in the summative assessment results, which on first reading may
appear counterintuitive. However, it is important to note that females did not achieve higher
scores in the author score category, meaning they were not creating more questions than
their male counterparts which requires more effort and understanding. The type of questions
being answered within the tool is also important to consider. There is evidence that the type

of question that students write, and answer has an impact on their academic performance.
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For example, having many low-level Bloom’s Taxonomy questions to practise does not
improve a student’s ability to answer higher level questions, which may predominate in the
final assessment (Hudson et al., 2018). The types of questions written by the participants in
this study, and to which level of Bloom’s Taxonomy they fit have not been investigated as
this was outside of the research question remit. Although this was a formative task for
students, and this may have impacted on student engagement with the activity, previous
research found that there was not a significant difference between questions written for a

formative task when compared with a summative one (Fergus, Hirani, et al., 2021).

4.4.2.5 Ethnicity
The statistical analysis comparing different groups of ethnicities did not find any significant

differences at 95% confidence interval. When using 90% confidence interval some were

found which are discussed below (data being referred to is found in table 12)

Arab students were found to score significantly higher in the author score category when
compared to White students (UOR 4.29, Cl 90% 1.1-16.8). In a previous study, (Hudson et
al.,2018), this category was found to be the biggest predictor of a good performance in the
summative test. This is an interesting observation for this subgroup as it does not correlate
to a higher performance in the summative midterm test for these students. This also seems
to contradict the lack of overall award gap evidence previously discussed (Kam, 2020). It is
clear that these students are engaged, so what is preventing them from attaining needs to
be investigated further. The quality and cognitive level of the questions they are writing
could be considered; if the type of questions written are at a consistently lower level of
Bloom’s taxonomy, students may not gain as much benefit from this with regards to
increasing their understanding of the subject matter. Repeatedly creating questions that are
based on facts rather than understanding or application will not help a student in a test
where they are required to show understanding and apply their knowledge rather than
recognise and reproduce facts. The possibility of academic misconduct and use of artificial
intelligence has been considered but the research suggests that its functionality at the time
of this study would not be sufficient to answer higher level chemistry questions or provide

suitable justification for the correct answer (Fergus et al., 2023).

One further difference between ethnicities was seen. Both White students (UOR 0.27 90%
C10.1,0.8) and Arab students (UOR 0.24 90% CI 0.1,0.8) were found to score higher in the
total answer score when compared to Black African/Caribbean students. However, none of
these groups showed a significant difference in attainment when the midterm test results
were analysed. The PeerWise total answer score relates to the number of questions a

student is answering correctly. These students are clearly contributing more than required
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for the assigned task. However, this is not being reflected in significant improvements in
their summative results compared to the group demonstrating lower engagement with the
formative exercise. It should be considered that solely answering many questions, which are
often written at low cognitive level, is not enough. Although students are engaging, this
could be considered as a superficial type of engagement when compared to students who
create questions required a deeper understanding and effort. A previous study, Hudson et
al., (2018), found that a high total answer score in students did not correlate to a higher

course grade performance.

4.4.2.6 Further subgroup analysis
Further analysis of smaller sub- groups to consider age, gender and ethnicity

intersectionality was completed.

When comparing young White females and young BAME females, there was a difference
seen in the total answer score with BAME students achieving a high score (OR 0.15, 95%
0.0, 0.6) but no difference in summative midterm results. This has been seen already in
some of the ethnicity data and also in previous studies where there was no relationship

found between the total answer score and summative results (Hudson et al., 2018).

Between young White and young Black students’ groups, there was a significant difference
in the progress SAQ score, with BAME students scoring higher (OR 0.14, 95% 0.1, 0.8).
Although there was no significant difference in the contribution within the PeerWise scores,
this could be expected as the skills required to structure a short answer question are

different compared to answering an MCQ answering.

The most significant differences in this subgroup analysis were found in the comparison of
mature females and mature males. It was found that mature females scored significantly
higher than the mature male group in the following scores: reputation score, author score,

question answering score and total answer score.
Reputation score (OR =15.20, 95% CI 2.0,114.2).

Author score (OR = 1.33, 95% CI 0.3,0.7).

Question answering score (OR = 12.00, 95% CI 1.6, 88.3).
Total answer score (OR = 8.00, 95% CI 1.1, 57.5).

Looking at the analysis of the midterm test in this group, there was no significant difference

between mature males and females.
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A less pronounced difference was seen with young females and young males where young
females outperformed young males on reputation score, (OR = 3.66, 95% CI 1.6, 8.3) and
question rating score (OR = 2.36, 95% CI 1.1, 5.2).

These results (for both these intersectionalities) contradict previous studies which found the
reputation score as a predictor of attainment in summative tests. Students often have many
roles and commitments outside of their university studies and this is particularly more
pronounced for mature females (Markle, 2015) . This can impact on the engagement and
involvement they have with their studies, with these students often taking a strategic
approach so engaging more with summative rather than formative tasks (Race, 2019).
Despite this ‘inter-role conflict’, these students often show great persistence to complete
their studies (Markle, 2015). This may be linked to their motivation where research has
shown mature students to be more likely intrinsically motivated, encouraging them on to
complete their studies (Murphy & Roopchand, 2003). National data from the Office of
Students (OfS, 2020) shows that mature students have poorer degree outcomes when
compared to younger students. However, this does not acknowledge the barriers that have
been overcome to study and finish the degree journey. As there are many barriers faced by
these mature female students with regard to studying, institutions should consider what
support can be provided to overcome some of these barriers (Bowl, 2001). Non-traditional
students do not have an equal experience to school leavers entering with A-Levels whilst at
university (Bowl, 2001). Extra support like communicating clear expectations of higher
education, specific first in the family support, timing of teaching sessions, accessible and

affordable childcare and all potentially ways to reduce barriers (Morgan, 2013).

Having low stakes assessment early in the first year of university and providing feedback
prior to more high stakes assessment is beneficial to all students. This can have an added
benefit to non-traditional backgrounds by setting clear expectations of the level needed in
higher education (Sambell & Hubbard, 2004). Although this support is beneficial, evidence
from this cohort study shows that it is clearly not allowing them to attain to the same level as
their colleagues. Consideration needs to be given to the types of assessment chosen
throughout degree programmes. Being able to perform well in one timed assessment does

not necessarily correlate to being consistently competent in this area (Rethans et al., 2002).

4.4.3 Limitations

The data available limited the analysis that was possible to carry out. As outlined above
there are several other factors that can impact attainment but were not easily available for
analysis. Although the range of demographic factors that were investigated are meaningful

and relevant to education, there are other relevant factors which are known to impact on
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education and could be influencing this student population and their attainment. These
include disability status, employment commitments, socio-economic status and caring
responsibilities. It would be interesting and pertinent to look at these data, where available,

in the future.

When interpreting the data in this study, the median was calculated to compare the data
between demographic groups, this was used instead of the mean to ameliorate the extreme
scores within the data sets (Hofer & Murphy, 2000). However, it is acknowledged that this
causes some limitations. Comparing the mean of the datasets instead of the median would
allow the data to be more reproducible in further studies and allow for more meaningful
comparison in the future. Alternatively, consideration could be given to categorising the data
in other ways, for example, high and lower achievers in each degree classification, which

could reflect the richness of the data when there is wide variation in scores.

With the demographic factors that were considered, some of the subsequent datasets
contained small sample sizes which influences the power of the study thus has an impact on

the validity of some of the conclusions.

The quality of questions submitted, and their explanations and comments could have given
an indication of the depth of their learning and understanding as well as the development of
metacognitive skills. In addition, further qualitative data from students to explore their
perceptions on contribution as well as performance in the summative test would be a

beneficial addition to the narrative.

4.4.4 Reflective context from the researcher
As outlined in chapter 3, the researcher should be reflective considering experiences and

values which may potentially cause any bias in the research (Mortari, 2015). Although this
phase was quantitative, the researcher did engage with the data and analysis so reflected on

their place with the topics considered in this research phase.

This peer support tool was originally introduced to the university by (Fergus,
2019). | have used this tool within a different module and was pleasantly
surprised with how engaged students were with the formative tasks, producing

more questions than requested in the workshop.

Within our cohorts, | am aware of many students with family commitments and
caring responsibilities and have been told of student family members

encouraging them to ensure their studies to take the lowest priority. Religious
observations mean that the structure of the national student loan system is not

acceptable to all students and means they may have significant paid work
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commitments in order to pay for their studies. This in turn can impact on their
academic attainment by limiting the amount of time they can engage with the
programmes. With these observations, | was expecting certain gender and
certain ethnicities to engage less and perform less well on the summative
assessment (due to competing commitments rather than academic abilities).
Identifying and reflecting on this bias helped me identify that these issues will not
affect all students within specified ethnicities and to remain open-minded when
analysing the data. It ensured | was more open to any results and using
statistical analysis which is an inherently objective approach helped achieve an
unbiased approach. Several other steps were taken to maintain the objectivity of
this study. The quantitative nature of the analysis does assist this, but the
analysis of the data was also checked by a critical friend (one of the

supervisors). Any conclusions were compared to published data.

4.4.5 Phase one summary

This phase investigated the impact of students’ demographic factors on their engagement
and attainment using a formative peer support tool and subsequent summative assessment.
Alongside phase two of the thesis, it aimed to answer the research question “what influences
students’ understanding and application of knowledge of chemistry within the MPharm

degree”.

Although the analysis of this data did not statistically demonstrate any specific single factors
which influence both formative homework and summative assessment scores, there were

some interesting findings.

One finding from this research was the marked difference in performance between genders,
with females contributing more to the PeerWise tool. This was even more pronounced in the
intersectional mature females to mature males comparison. Previous research into the use
of PeerWise has not reported on gender and age in terms of engagement with the tool, so
this finding adds to the existing literature base. However, it is acknowledged that other
factors could be influencing these students’ ability and desire to engage well with the tool

and assessment. Phase two of this thesis may help explore these findings further,

The general engagement with using this tool as a formative method of support and
assessment was high, supporting the findings in other literature looking at its use in
chemistry (Fergus, Hirani, et al., 2021; Galloway & Burns, 2015) as well as molecular biology
and biochemistry (Hancock et al., 2018). The results are in contrast to Howe et al., (2018),
who researched psychology students use of the tool and Smith et al., (2020) who used it

with several cohorts of medical students. This high level of engagement from the pharmacy
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students may be related to their approach to subjects with complex concepts like chemistry
and biochemistry when compared to some other subjects. This theory can be explored
further in phase two with the qualitative data collection being used to gain a better

understanding.

The analysis of this data did not demonstrate a consistent correlation with general
engagement with the tool and the summative results on the same module. In contrast to
other studies, (eg Galloway & Burns, 2015), pharmacy students’ performance in PeerWise
did not correlate to an improved attainment in the module’s midterm test despite the higher
authoring score. A factor which may possibly affect this lack of correlation could be the level
of questions written in PeerWise when compared to those within the summative test. Hudson
et al., (2018) found that writing higher level questions requiring understanding rather than
solely recall showed a higher positive correlation in performance when compared to solely

answering recall questions.

This dataset also compared students on the vocational course (ie pharmacy) and the more
purely scientific course (ie pharmaceutical science). When comparing the MPharm and
Pharmaceutical Science programme cohorts, the analysis found that the MPharm cohort,
who contributed more to the authoring of questions performed better in the summative
midterm test. This is consistent with prior research (Denny et al., 2008; Hancock et al.,
2018; Hudson et al., 2018). However, this research carried out a further level of stratification
and found other significant results when delving deeper into the student groups and

subgroups found in the dataset.

The effect of ethnicity was investigated which has not been previously researched in relation
to this online tool. There were variations seen between different ethnicities when further
stratification was completed and their clear contributions to the tool was not reflected in the
performance in the midterm test. The data does suggest that the complexity of students’
backgrounds and other factors may be affecting their studies. As the findings do not indicate
that any single demographic consistently performs exceptionally well or has poor outcomes,
they imply that assessment-related challenges may be distributed across the diverse student
population. This suggests that additional support strategies should be considered
addressing the needs of students from a range of backgrounds allowing all students to thrive

in the university setting.

The data analysis from this study does not reflect national data about degree outcomes
regarding a range of characteristics (OfS, 2024). This could potentially mean this type of
student cohort are different when compared to others which is somehow impacting on their

learning, it could be diversity is a strength in terms of preventing differential degree awarding
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gaps. In addition, the affective domain of Bloom’s taxonomy (Bloom et al., 1973) and its
impact on attainment should be considered as this task and assessment benefits from

interaction with peers and learning with and from them.

4.4.6 Informing the next phase of the doctoral study

Although this phase produced some interesting findings, it did not identify a clear distinct
pattern within the demographic factors that were analysed so it cannot categorically state
which (if any) demographic factor is an objective influencing factor on attainment within the
chemistry module. It suggests the influencing factors are complex and multi-layered,
supporting the need for further explanation using qualitative data collection and analysis.
One acknowledged limitation of quantitative data (Cresswell and Cresswell, 2018) is the lack
of context available to help explain the numerical results. This limitation can be mitigated
slightly by following up with qualitative research within the same cohort of students and
chemistry academic staff that teach these students. Phase two of this doctoral study is
qualitative in nature and will facilitate detailed exploration of these students’ perceptions to
gain a better insight into their learning of chemistry within their degree. Exploring students’
perceptions on the importance of this subject area will be beneficial as well as academic

staff lived experience teaching these cohorts of students.

The high level of engagement seen with this formative tool was pleasing to see. It would be
interesting to find out if students approach the study of chemistry differently when compared
to some other subjects. Their different approaches between rote learning of information that
can be re-called and developing in depth understanding can also be explored further. This
links to the development of higher order thinking skills like problem solving and answering
multi step complex questions. It may help explain the lower summative test scores when

compared to high level of answering questions using the PeerWise platform.

Using the qualitative approach in phase two in combination with this quantitative approach in
phase one will help provide a deeper understanding of these statistical findings. In line with
the constructivist philosophical approach, reality is individually constructed and students

experiences are dependent on multiple factors and contexts.
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Chapter 5: Exploration of the learning and teaching of chemistry with perspectives
from academics and undergraduate pharmacy students

5.1 Introduction

This chapter presents the data for phase two (part one) of this mixed methods study and its
subsequent analysis. The study focuses on both staff and students on the Master of
Pharmacy programme and explores their perspectives of teaching and learning chemistry

respectively on this programme of study.

There is little research comparing student and staff perceptions around the learning and
teaching of chemistry, specifically on pharmacy degrees. Although there have been
previous studies on students’ perceptions towards or relating to chemistry learning in
pharmacy (Jesson et al., 2006; Prescott et al., 2014; Smith et al., 2017), currently there is
little research regarding chemistry academic staff perceptions on important factors affecting
teaching (and learning) of chemistry and any differences between students and academics
(Mawdsley & Willis, 2018, 2019). This research aims to add to the existing literature in this

area.

5.1.1 The research questions

It is important that the continued significance of science within the pharmacy programme
curriculum is acknowledged despite the increasingly complex clinical requirements, in line
with the UK’s statutory pharmacy educational standards (GPhC, 2021). The aim is to ensure
students finish their degree scientifically literate, with an understanding of key concepts and
an ability to apply this knowledge to clinical problems (Husband et al., 2014). A more
detailed understanding of both staff and students’ perspectives regarding chemistry should

help achieve this.

The following research questions were developed and investigated:

For academic staff:

¢ What do chemistry academic staff consider and understand regarding student
perceptions of chemistry on the MPharm programme?

e What do chemistry academic staff think influences MPharm students’ learning of
chemistry?

For MPharm students:

o What are MPharm students’ perceptions towards chemistry within the MPharm
degree?

¢ Do students experience any difficulty in specific chemistry topics?
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¢ Do MPharm students identify effective ways to learn and understand chemistry?

5.1.2 Consideration of Master of Pharmacy curriculum design

Historically, science and practice topics were taught in silos by discipline-specific staff.

There has been a clear argument for this initial theory component to be delivered prior to
starting practice (Winch & Clarke, 2003). However, there needs to be a way of appropriately
combining these subjects to help ensure an underpinning conceptual understanding, as well

as problem solving skill development needed in practice.

The challenge of how to achieve this science understanding to underpin clinical knowledge
has been considered widely (Alsharif & Galt, 2008; Husband et al., 2014; Kearney &
Larrafieta, 2021; Talasaz et al., 2023) and may be attained by an integrated curriculum
design. Integration can be organised into teaching disease states and their management,
incorporating both science and practice teaching, rather than to remove science from the
curriculum. This authentic teaching and assessment approach, encourages meaningful
rather than rote learning (Husband et al., 2014). The importance of meaningful learning as
opposed to rote learning has been frequently discussed and defined (see e.g. Bretz, 2001;
Mayer, 2002; Novak, 2010).-

Curriculum design and the implementation of an integrated structure impacts on the delivery
and interpretation of the curriculum and so may influence students’ understanding of the
importance of this integration (Kulasegaram et al., 2013). Acknowledging the principles of
constructivism, students routinely attempt to link and build on any related knowledge that
they have already, constructing meaning from newly acquired knowledge (Bodner, 1986).
This can be beneficial in terms of understanding but can highlight differences in students’
development of knowledge and understanding. There is also evidence that construction and
understanding of knowledge is influenced by social interactions (Hodson & Hodson, 1998).
For example, workshops which encourage peer to peer discussions and interactions
allowing students to develop problem solving skills are an integral part of this curriculum
design (Hubball & Burt, 2007).

Gaining a deeper understanding of both staff and student perceptions in the pharmacy
programme about learning and teaching will help develop and positively influence the
curriculum approach to help students succeed in understanding and application of

chemistry.

5.1.3 Curricular overload
With the content expansion of the curriculum due to the extended role of the pharmacist, as
well as the need to develop a range of higher order skills, there is risk of an overloaded

curriculum. Neither the overall programme length nor term length has increased so
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appropriate assessments, experiential learning in addition to the increased content leads to
this overload which has a direct impact on both staff and students (Kelley et al., 2023). Being
mindful of this issue when designing overarching curricula as well as planning individual

teaching sessions is important.

The concept of cognitive load theory is important to highlight here (Sweller, 2011) which
acknowledges the limited capacity of the working memory and its impact on learning. To
understand taught material, this information needs to move to the long term memory, and
link to previous knowledge within schemas (organised areas of knowledge). If students are
required to handle large volumes of information at the same time, which may be new and
often complex, this may result in cognitive overload, and it becomes challenging to process

all this information into a more meaningful form within schema in the long term memory.

The strategic issue of curricular overload thus has an operational impact on students and
staff. Students are more prone to use surface learning approaches when faced with

overwhelming amounts of material (Biggs & Tang, 2011).

The issue of overloading is acknowledged in literature (Trujillo & Cain, 2023) with solutions
being described and evaluated (Chen et al., 2023). From Chen and colleagues review, there
were common themes seen that were addressed when effectively managing the challenge of
an overloaded curriculum. This included communicating well across all teams teaching on
the programme, reviewing previous content which is no longer linked to the competencies
being developed and using active learning strategies to support the development of deep

understanding.

Sun et al., (2023) highlight the need for appropriate sequencing and design as they can
potentially help reduce repetition but true integration with embedded themes and co-
discipline teaching could help to reduce overload within the curriculum. To further support
having appropriate content within the curriculum, Sobieraj et al., (2024) designed a toolkit
linked to several areas of the US pharmacy curriculum to support universities in streamlining
and prioritising teaching. This concept could be expanded to more topic areas and different

countries.

On an operational level, staff need to be aware of the risk of cognitive overload and its
impact. Whilst experts may find some content and problem solving straight forward,
students who are discovering this information for the first time and need to organise and

understand this knowledge, may find it more challenging (Sands & Overton, 2010).
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Cognitive load theory is also relevant to academic staff and assessors (Wilby & Paravattil,
2021). Assessment criteria need to be clear and concise otherwise there is a risk to the

reliability and quality of the marking.

5.2 Methods

Focusing on academic staff working on the MPharm programme, and students registered on
the Master of Pharmacy programme at the University of Hertfordshire, this study takes an in-
depth qualitative approach with semi-structured interviews of these academics and

pharmacy students.

5.2.1 Choosing the research tool
Consideration was given to the most appropriate way to collect data to fully answer the

research questions. Questionnaires could potentially result in a higher number of
participants but interviews would allow topics to be explored at greater depth providing rich
data (Denscombe, 2017). Given that the research questions for both the staff and student-
centred study were aiming to further understand opinions and lived experiences, interviews
were deemed most appropriate for both studies (Denscombe, 2017). Interview questions
offer more freedom for the participants to provide their own in depth answers as opposed to
answering a multiple-choice format question in a questionnaire (Cresswell & Plano Clark,
2018; Gillham, 2005). One to one interviews (as opposed to group interviews) were deemed
to be the most appropriate research tool to allow participants to have a detailed discussion
on the topic (Denscombe, 2017). The staff group's dynamic was already established, and
individual interviews avoided any potential hijacking of discussions by specific staff
members. In the same way, students may have felt influenced by their peer group to answer

questions in a certain way.

As discussed in section 3.11.4, students were involved in the interviewing of student
participants due to the potential positive impact of direct student voice involvement in this
type of academic research (Ayres & Wilson, 2018; Bohnacker-Bruce, 2019). For staff
interviews, the same considerations were made. Because of the possible power dynamic
between staff and students, the PhD researcher, who was a peer from a separate discipline

within the department was deemed the most appropriate to conduct staff interviews.

It was important to have appropriate skills as an interviewer as this can also directly impact
on the quality of the data collected (Cohen et al., 2018). Training sessions were attended to
develop these skills, and the PhD researcher also ensured the student interviewers were
appropriately trained. In addition to attending taught theory sessions, this involved

conducting practice interviews and directly supporting the students in developing these skills.
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The researcher also needs to recognise their potential prejudices (Gillham, 2005) prior to
conducting the interviews to consider their behaviour, responses and interactions during the
interviews. The researcher aimed to be reflective in their approach, and a reflective account
can be found later in this chapter (section 5.4.6). The student researchers were also
encouraged to be reflective as a key instrument in this data collection (Cohen et al., 2018)

and this topic was specifically addressed during their regular research meetings.

5.2.2 Question development for the staff interviews

Distinct interview questions were developed for each group of participants recognising the
valuable nature of their different experiences, for example, staff taught students across a
range of programmes so were asked about any disparities they noticed between vocational
and non-vocational programmes. Both sets of interview questions were designed to allow
the research questions to be answered. They were created then reviewed by the
dissertation supervisor who suggested improvements and modifications. The questions

were piloted to ensure they were clear and there was no ambiguity.

The initial part of the staff interview contained closed questions to gather specific details of
the academic’s experience in teaching. This study explored staff perceptions of learning and
teaching chemistry in this higher education setting which they had lived experience of, so
this detail was helpful to provide context for the researcher. The question design structure
for these interviews was informed by the literature (Gillham, 2005) with the closed questions
first, followed by the more open-ended questions. It was beneficial to see what concerns
were also considered an issue on a non-major chemistry degree like the Master of
Pharmacy programme. The phrasing and order of questions were discussed and reviewed
prior to the finalised schedule, with a pilot with one sample participant used to help refine
and provide feedback on the schedule (Gillham, 2005). The full interview schedule can be
found in table 17.
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Table 17- The question schedule for staff interviews

Introduction

e Brief introduction of myself, thank them for participating in the research.

¢ Remind and explain the purpose of this project (all participants have already
consented and been sent a participation information leaflet).

o Explain that as much detail as possible would be appreciated as it helps with
understanding of academics’ perceptions in this area

e First closed question — confirm how long they have spent teaching in higher
education

1. What factors affecting learning chemistry do you feel are most important?

Possible prompts: Can you explain why you feel this way?
2. In what teaching environments do you feel the students learn chemistry most?
Consider lectures, workshops, practicals

Possible prompts: Can you explain why you feel this way?
3. What type of teaching activities do you feel the students enjoy most?
Consider lectures, workshops, practicals

Possible prompts: Can you explain why you feel this way?
4. Thinking about student learning, how do you believe students learn best in the
discipline of chemistry?

Follow up question: What approaches to learning do you think are most effective?
5. When teaching undergraduate students,

a) Do you notice differences between year groups within a degree?

b) Do you notice differences between students on different degrees eg pharmacy,
pharmaceutical science, bio sciences programmes?

Possible prompts: Can you explain in what ways these are different?

6. Previous research suggest that academic staff have a range of concerns regarding first
year undergraduate students who are studying chemistry. Do you share any of the
following concerns for new students embarking on a degree with chemistry in it?

a) Basic concepts

b) maths ability

c) IT ability

d) problem solving skills

e) Coping with different teaching methods used at university

(Note: previous research : (S6zbilir, 2004; Symington & Kirkwood, 1996).

f) Any other concerns that you feel are an issue and that you would like to discuss?

Note for researcher — address each topic here individually, ask the participant to consider
examples and why they agree or disagree with the issue.

7. Finally, is there anything else you wish to add regarding issues for students studying
chemistry?
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5.2.3 Question development for the student interviews
These interviews were conducted by the student co-researchers with two final year MPharm

students working with the PhD researcher. These students were directly involved in the
question planning for the student interviews using their own lived experience as well as the

relevant literature.

A set of 14 questions were developed for the students to link directly to the research
questions (found in table 18). These questions had additional prompts to help scaffold the
discussions and ensure that the resulting dialogue addressed the objectives and research
questions. A relatively large number of questions were incorporated into the student
interview schedule as it was considered likely that less in-depth answers from students
would be given as they have less background knowledge of pedagogy, so scaffolded

questions were built into the process.

Similar to the staff interviews, the initial questions were short questions which identified
several different demographic factors where there was published research highlighting their
influence on learning, study approaches and attainment. These were age (Richardson,
1994), gender (Meinck & Brese, 2019) and prior study (Seery, 2009). As discussed in the
previous chapter, ethnicity is known to be a potential influential factor however this data was
not collected in these interviews. There was a concern this may compromise anonymity,
especially when combined with the other demographic factors. The year of undergraduate
study was confirmed as previous research into pharmacy student perceptions found opinions

differed between year groups (Prescott et al., 2014; Smith et al., 2017).

A series of open-ended questions followed to build on previous research including the
transition to university (Leong et al., 2021), career choices following undergraduate
experiences (Willis et al., 2006, 2008; Willis & Hassell, 2007), attitudes (Dalgety et al., 2003)
and perceived relevance (Kember et al., 2008). A summary of the interview questions for

students is presented in table 18.
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Table 18 -The question schedule for student interviews

Introduction

e Brief introduction of myself, thank them for participating in the research.

¢ Remind and explain the purpose of this project (all participants have already
consented and been sent a participation information leaflet).

o Explain that as much detail as possible would be appreciated

¢ Some short questions — age range, gender, year of study and prior study

e Remind them they will remain anonymous and be allocated a letter rather than
using their name when analysing the data

1. Could you tell me a little about why you chose pharmacy as a career and what
area of pharmacy you would like practise in?

2. Can you tell me how you felt about studying chemistry in school/college?

3. Do you feel differently or the same about studying chemistry now that you are at
university?
Possible prompt — can you explain or expand on this

4. Can you tell which chemistry topic or area is your favourite at university and why?

5. Can you tell which chemistry topic or area is your least favourite at university and
why?

6. Is there a type of teaching that you prefer when it comes to chemistry?
Consider lectures, workshops, practicals
Possible prompts: Can you explain why you feel this way?

7. Do you feel you learn most in your preferred type of teaching session?
Consider lectures, workshops, practicals
Possible prompts: Can you explain why you feel this way?

8. How relevant do you think chemistry is to being a pharmacist?
Prompt: can you explain why you think this

9. Do you think the type of chemistry taught on the degree is relevant to being a
pharmacist? (Prompt: Please explain why you think this)

10. What do you think about contextualisation of chemistry teaching?
(Possible prompt/clarification- its linking the chemistry to relevant pharmacy
practice)?

11. Can you tell me about your strategy for studying chemistry at university?

12. Is this different to how you study for other topics?

13. Do you think that there are any specific changes that could be made to further
support students studying and understanding chemistry?

14. Finally, is there anything else you would like to add?
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5.2.4 Recruitment and data collection
Ethical approval was sought and obtained to conduct semi-structured interviews with both

staff and students in the pharmacy department (Ethics protocol numbers:
LMS/PGR/UH/02947 and LMS/SF/UH/03462).

Chemistry academic staff and pharmacy students were approached in different ways due to
the different communication routes available. Staff were emailed directly to their registered
university email address and invited to voluntarily take part in an interview whilst students
registered on the MPharm programme in all years were sent details of the study through the

university’s virtual learning environment (VLE).

Interviews took place face to face on the university campus as a familiar and safe
environment for both interviewer and participant. A quiet private room was used to ensure
confidentiality. University meeting rooms were used rather than individual staff offices to
ensure a neutral environment for both the interviewer and interviewee (Denscombe, 2017).

The interviews were audio-recorded so they could be transcribed for data analysis.

Pseudo anonymity was maintained for both groups of participants and although contextual
background information was collected, the risk of being able to identity a participant was
specifically considered. Certain demographics were combined or omitted to reduce the risk
of compromising participants anonymity. It was made clear to participants that their
anonymity would be maintained throughout the study with recordings and transcriptions

suitably encrypted and stored securely.

5.2.5 Data analysis
The qualitative data was analysed to identify themes using the thematic analysis method

described by Braun & Clarke, (2006)

Braun and Clarke’s approach advises researchers to actively search, analyse and interpret
the data (Braun & Clarke, 2006). The analysis of qualitative data started by becoming
familiar with the data, transcribing the recordings as thoroughly as possible and as soon as
possible after the interviews (Braun & Clarke, 2013). Time was scheduled to transcribe the
interviews very soon after they had taken place, and the audio recordings were listened to
multiple times to allow familiarisation of the content and then were transcribed verbatim by

the researcher.

The phases of the thematic analysis process outlined by Braun & Clarke, (2006) were used,
with the researcher continually returning to earlier phases to continually improve

familiarisation of the data. Table 19 presents these phases in the context of this research.
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Table 19- Thematic analysis in the context of this research (Braun & Clarke, 2006)

Phase | Description In the context of this dataset

1 The researcher The audio recordings was listened to and
familiarises themselves transcribed, then listened to and re-read multiple
with the data times

2 Initial codes are generated | The transcripts were reviewed in organised manner
by the researcher to identify codes within the data

3 Themes are searched for | The generated codes were reviewed and grouped

together into themes

4 The themes are reviewed | The transcripts were reviewed again to checked

codes had not been missed and review overall

themes
5 Themes are defined and Themes are refined, taking into account any new
named codes from phase 4. The story that the analysis tells

is considered

6 The report is produced The writing phase provides a final opportunity for
analysis. The findings are presented with the report

(chapters 5 and 6).

A manual approach to data analysis was taken as opposed to using a computer software
package. The literature comparing these methods highlights benefits and challenges of
each, with the researcher’s own preferences being one of the factors to consider (Basit,
2003; Mattimoe et al., 2021). From this experience of using a manual method, this
researcher’s perceptions are like those documented by the researchers in the literature. For
example, repeated reading and listening of the transcripts allowed the researcher to stay
close to the data and remain immersed in it. The repeated listening to the transcripts meant
the nuances of language and tone were frequently noted. Using a physical hands-on
approach with annotation of the paper transcripts felt more appropriately creative and helped
develop understanding of the process and the data. It was noted that this manual approach
was possible because of the size of the dataset, and it may have proved much more
challenging if there had been a larger number of interviews and focus groups and longer

recordings.

The whole dataset was searched to identify repeated patterns, those with the same meaning

were given the same code. Once the responses were coded, then the key themes were
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generated (Braun & Clarke, 2006, 2013). Coding was completed on each set of interviews

as distinct datasets (staff and students) and then themes developed from them.

The presentation of findings and analysis of these data was intentionally undertaken solely
by one researcher (the PhD student) in line with the reflexive approach described by Braun
& Clarke, (2006). This type of approach is compatible with the constructivism philosophy

which underpins this thesis.

5.2.6 Assurance of rigour with this data analysis method

The research quality for this qualitative data analysis method is assured in a number of
ways. The Braun and Clarke method (Braun & Clarke, 2006) was transparently adhered to
using the full six phases as described in section 5.2.5 above. This helps provide assurance
that the analysis and interpretation is trustworthy (Lincoln & Guba, 1985). Multiple reflexive
activities were undertaken as part of this method. For example, the data was listened to
many times, it was transcribed and then listened to again. Codes were first identified which
were then grouped together in themes following another review. This iterative process
ensured that the researcher was fully immersed in the data to help bring credibility to the
analysis (Cresswell & Poth, 2018; Denscombe, 2017).

The themes identified were clearly linked to the participants’ answers making them credible
and truthful. Multiple quotations are included in the presentation of results to demonstrate

these themes, making the analysis reliable and dependable (Denscombe, 2017).

The context within which this research took place has been clearly described as well as who
the participants were which allows the reader to understand how transferable the research is

to their own context and population (Lincoln & Guba, 1985; Denscombe, 2017)

In line with Braun and Clarke’s methodology (Braun & Clarke, 2006), the data analysis
presented is intentionally from one researcher’s interpretations rather than multiple
researchers. This is consistent with the study’s constructivist stance. Themes do not
passively emerge as objective ideas, the researcher is an active interpreter of the data
constructing meaning from the participants interviews to identify these themes (Braun &
Clarke, 2006).

5.3 Results
Six chemistry academic members of staff (out of nine eligible participants) and twenty

MPharm students across all four-year groups took part in the interviews

5.3.1 Demographic data
The demographics of both groups of participants are shown in table 20 and table 21.
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Table 20- A summary of academic staff interviewed and their characteristics

Staff ID Gender Time spent in teaching
A Male 30 years

B Female 6 years

C Female 12 years

D Male 9 years

E Male 30 years

F Female 6 years

Table 21- A summary of the students interviewed and their characteristics

Student ID Gender Prior qualification Year of study
S1Y1 Female A levels 1st
S1Y2 Female A levels 2nd
S2Y2 Female A levels 2nd
S3Y2 Female A levels (international) 2nd
S4Y2 Female A levels 2nd
S5Y2 Female A levels 2nd
S6Y2 male Foundation year 2nd
S1Y3 female A levels 3
S2Y3 female BTEC/A level 3rd
S3Y3 female Foundation year 3
S4Y3 female A levels 3rd
S5Y3 female Foundation year 3
S6Y3 male A levels 3rd
S1Y4 Female A levels 4t
S2Y4 Female A levels 4t
S3Y4 Female A levels 4t
S4Y4 Female A levels 4t
S5Y4 female Foundation year 4t
S6Y4 female A levels 4t
S7Y4 Female Foundation year 4t

Students were asked to confirm their age in line with HESA definitions (HESA, 2019) of

young (aged 18 to 21 years of age) and mature (aged 22 years and over) at the start of the

study period. All students stated they were within the 18 to 21 years of age bracket.
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5.3.2 Themes identified

Nine themes were found during the analysis of the interviews (presented in figure 12). Four
themes were identified which were common to both staff and student participants, with three
further themes identified solely in the staff group and two further themes identified

specifically within the student group. Quotes from themes are shown in tables 22-24.

Confidence Transition * Focuson

in practical Relevance understanding
skills to career ¢ Confidencein
¢ Expectations * Contextuali asking
* Prior -sation questions
knowledge * Importance

of
application

Figure 12- Venn diagram representation of the identified themes

5.3.2.1 Staff themes:

(i) Confidence in practical skills — There was a perception amongst the staff
interviewed that pharmacy students were lacking in confidence in chemistry and specifically
when it came to practical skills when compared to peers at an equivalent level on a similar
but non-vocational course. Interestingly, this was not an issue that students specifically
identified or realised was a concern.

(i) Expectations
Academic staff discussed how they perceived pharmacy students views of the chemistry

content on their degree programme, which they felt was often negative.

(iii)  Prior knowledge and skill development
Academic staff had a range of experience in education and had often witnessed changes to
entry qualifications over the years, explaining they perceived a reduction in understanding

and skills over time.
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Table 22- Themes from academic staff interviews with example quotes

Theme
identified

Quote/evidence

Confidence in
practical skills

Staff C — “it's the fear factor...l think there is a lack in confidence, and
their perception of chemistry is that it's quite difficult”.

Staff B — “...whereas | think pharmacy students are a little
apprehensive of just going in {to practicals} and making mistakes.
They’re always concerned that they’re doing something wrong.

Staff B: “I think pharmacy students are a little more apprehensive of
just going in and making mistakes...they’re always concerned that
they’re doing something wrong whereas the biosciences and pharm sci
lot, they want to go in and do the practical”.

Staff D: “{the pharmacy students} are trained as almost dual
professionals, they’re scientists and they are clinicians and they, from a
very early stage in their training, they are told that any mistakes for
them can have serious consequences in terms of their patients and
unfortunately that pervades their scientific explorations.”

Expectations
regarding
chemistry on the
degree
programme

Staff C- “l would say...they've {pharm sci students} chosen a science-
based degree and so they are anticipating that that {degree} will
contain lots of lab classes, whereas perhaps pharmacy students aren't
thinking that they're going to be doing lots of lab classes.”

Staff F - “I think that the students in pharm sci [pharmaceutical
sciences] and biosciences are a lot more up for chemistry...there's a
general acceptance that chemistry is an integral part of the course...
whilst in pharmacy it becomes a secondary tool that they then need to
pass just to, you know, to satisfy some regulations but really, it's not
their main line of interest”.

Prior knowledge
and skill
development

Staff C —“....so0 we are concerned that they don’t have the concepts,
that they learn facts and reproduction of those facts...maybe because it
is very prescriptive {i.e. A level}, taught to a test”.

Staff A “they don’t have the manipulative skills they used to have and
that’s primarily because practical classes have been cut back in
schools”.

5.3.2.2 Student themes:

When interviewing, students seemed to be a more homogenous group in terms of

perceptions and fewer themes were identified despite more participants when compared to

staff. Students made similar comments across questions. Perhaps this is unsurprising as

the students have a significant common experience whereas the staff members have a rich
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range of varied experiences and research interests prior to teaching on this specific

programme.

(iv) Focus on understanding - deeper learning approaches:
Many students discussed how they revised for chemistry topics and the importance of

understanding fully in order to be successful

(v) Confidence in asking questions
Many students mentioned feeling uncomfortable asking questions in large lectures despite
having queries but instead would leave their questions until a workshop or email the lecturer

directly to ensure they were not the focus of attention.

Table 23- Themes from student interviews with example quotes

Theme Quote/evidence

identified

Focus on Student S1Y4 — “| used to watch videos to try and understand better
understanding | concepts, then | always used to use the worksheets that we got from
- deeper workshops — to try and, like, see what I've understood...you can learn
learning the theory but if you can't apply it, then it's not very beneficial”.
approaches

S1Y1 - “l think with chemistry, you can't learn it parrot fashion, you
actually have to practise it and actually understand it”

Confidence in | Student S5Y2: *{l like workshops} because you have more time to ask
asking questions and it's a smaller group as well, so you don’t feel as worried

about asking questions, like, everyone is listening to you”
questions
S1Y4 “| think lectures [are] kind of pointless, because you can’t ask the
lecturer questions...at A level...we were in a class, and | could just ask

my teacher anything | didn’t understand”.

5.3.2.3 Themes across both groups
(vi)  Transition to a new learning and teaching environment

Academic staff interviewed were very conscious that students have undergone a significant
change to their environment which had an impact on how they interacted and coped.

Students in turn also noticed the change when compared to school or college.

(vii) Relevance to future career:
A recurring topic within all the staff interviews was the perception of relevance within this
group of students. Some staff linked this to a lack of engagement and motivation from the

students, some clearly finding it almost disheartening.
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Students consistently discussed their thoughts regarding relevance within the topic areas.

There were however inconsistencies regarding which topics were perceived as relevant

across the cohort, suggesting that this is very subjective.

(viii) Contextualisation
Both staff and students consistently highlighted the value and importance of

contextualisation. Students routinely gave a range of relevant contextualized examples.

(ix) Importance of application

Staff and students alike stressed the importance of application, highlighting workshops being

a type of teaching session where this is possible and the area where they felt they learnt the

most.
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Table 24- Themes from both student and staff interviews with example quotes

Theme identified

Quote/evidence

Transition to a
new learning and
teaching
environment

Staff A - “The large-scale lecture theatre...its quite different because there is just a mass of faces and they’re {not made
to feel} important whereas at school, they weren’t in a group of 150 plus so yeah, they were actually important, and
people knew who they were”.

Staff B “there is quite a lot of lecture material... there’s a lot of self-directed study; | think that's where one of the
problems lie. | also think that up until undergraduate level, they are almost taught to just learn for the sake of learning
whereas, at undergrad level it's more at the application of knowledge and that's one of the major problems that we
have in terms of chemistry”.

Student S6Y3: “| would say there is a different approach to chemistry at university, than in Alevel... in an A level
environment, it is more one to one with the teacher”.

S2Y2 - ‘in first year, we would have exemplar answers...a good version and a poor version so you would understand if
that was what you were planning to write, you wouldn’t have gotten a good mark...but we haven’t had any of that in
second year”.

S4Y2 - “ | think [A levels] have more of a structure, so you knew what you had to know- whereas in uni, it's a bit, like,
vague. You don’t really know what you need to know for the exam”.

Perception linked
to relevance
linked to career

Staff A: “one of the problems with teaching chemistry to pharmacy students is trying to get across the relevance...you
couldn’t do that in year one, but you could certainly do in years two and three”

Staff C — “Pharmacy students are very driven generally aren’t they...also perhaps more goal focused rather than the
learning journey”.

Staff D “You have to tell them why what you're trying to explain to them is important, in the grand scheme...an inability
to do that can make them turn off quite quickly”.

Staff E — “Suddenly, you know, if they don’t see the relevance then they are switched off again aren’t they...they will ask
you, what’s the point of this?”
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Student S1Y4: “| think its relevant to a certain extent, like [student explains the relevance of pH to medication
absorption] but when you're working as a pharmacist, you’re not thinking about the theory anyways, behind everything,
a lot of the time”.

S1Y2- “The only work experience I've done so far is in community... | didn’t realise that | applied a lot of my chemistry
knowledge into it — but, um | went to a hospital placement once and | did realise that they go back to the core of why
they picked a certain medicine.... | saw this case.... we had to actually explain the basic pharmacology behind it and
the chemistry behind it.”

S3Y2: “| suppose there are some aspects of chemistry on this degree that would probably be more um, focused on if
you’re going into industry...but...people already know from working in hospital or community and they are set on
working on hospital or community”

S4Y3 “[chemistry] is very relevant...mainly because we learn about the drugs and how the drugs work and stuff. We
have to know that for being a pharmacist”.

S2Y2: “| feel like a lot of the chemistry is targeted towards industry. Um, ‘cos when I've had experience in hospital and
community, we haven’t used any of the chemistry at all? But I'm sure if | have experience in industry, I'll be able to
apply those chemistry skills”.

Contextualisation

Staff C— “it’s not just chemistry, it is chemistry for a reason, why is chemistry here, what it is for...l hope that’s
something I've tried to put across”.

Student S3 Y4: “I think its {contextualisation} really helpful, because then at the end of the day, we have to link it into
practice because that’s where the majority of pharmacists go”.

S4Y3: “l think it {contextualisation} starts to be done in third year but before then | don’t think it is...l would like for them
to make it more clinical before third year, that would be helpful”.

Importance of

Application

Staff B: “in a lecture environment | think, me personally, | like to use lectures that {....} that every couple of lecture
slides, I'll stop, and I'll ask a question and then I'll try and encourage a group discussion and just try to understand, get
them to understand | have taught you this concept, now let's try and apply it.”

Staff C — “I think they enjoy workshops...| think everyone enjoys ‘doing’ more than a passive experience...you’'ve got to
see it and apply it”
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Student S2Y2 — “I would say | prefer workshops...in a workshop, you are able to use the knowledge that you gained in
the lecture and actually apply it to the questions”.

S3Y2 —“| love workshops...it’s like kind of practising...it’s putting the lectures into practice what you’re learning...when
you’re actually in the workshop- you’re doing questions, you kind of understand, you kind of realise ‘oh, yeah this is
why I'm doing it and it kind of helps you understand.”

S1Y3 - “more workshops, having more workshops would be better”

S6Y4 - “you need to apply the knowledge; you need the understanding and lecture slides aren’t enough. You need to
develop the knowledge”.
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5.4 Explanation of results
This study sought to gain a deeper insight into both staff and students’ perspectives

regarding chemistry learning by allowing them to discuss their lived experience of the
pharmacy programme. The research questions also considered influences, difficulties and
effective ways to learn chemistry. The analysis of the data interestingly identified more
common themes than themes specific to each group. The identified themes will be

discussed first then the research questions will be addressed in section 5.4.4.

5.4.1 Discussion of staff themes
There were three themes that were identified solely in the staff interviews (see table 22 for

example quotes). Six out of nine of employed chemistry academic staff members were
interviewed so a high proportion although not all staff had the opportunity to provide their
opinion. As she was directly involved in the planning as well as primary supervisor on this
project, Professor Fergus was intentionally not interviewed as part of the chemistry

academic staff.
(i) Confidence in practicals

Staff mentioned the lack of student engagement with practicals. The consensus amongst
staff and therefore an identified theme was that they felt this was linked to a lack of
confidence in practicals. Due to the vocational and clinical nature of the programme, the
importance of patient safety is highlighted to students from the beginning and the potential
magnitude of clinical errors. This was suggested as a reason behind this cautious approach
and does not appear to be discussed in previous research on confidence in pharmacy

students (Bond & Cone, 2012). This was not an issue identified by the students.

Very few students talked about the enjoyment of practicals, with some mentioning that they
felt they did not help their understanding. However, the design of practicals with compulsory
pro formas to probe the theory and understanding which encouraged knowledge and
understanding seemed to be more appreciated. Students specifically mentioned the aspirin
synthesis (Olmsted, 1998) practical and pH absorption practical (Hickman & Neill, 1997) (in
relation to a later theme). This suggests a focus on this type of structure for practicals would
be beneficial for engaging the students. These practicals guide the students through each
step and explain its relevance; students clearly appreciate this. Previous research
(Galloway et al., 2016) has also highlighted how the students’ affective domain can impact
their engagement and individual experience of a laboratory session. Providing opportunities
to critically analyse and find relevant links during practical sessions will be beneficial for

optimising students’ learning experiences.
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(i) Student expectations

Several staff members discussed their concerns about student expectations of chemistry on
the course, citing it as a possible reason for the lower levels of motivation and engagement.
Although staff thought this was an issue, interestingly, the students interviewed in this study

did not specifically discuss any unrealistic expectations regarding the chemistry content.

Staff did also seem to link this to students’ attitude and engagement to chemistry taught
sessions. For example, Staff D stated that “a student has to have an interest in the subject
matter in order to be an effective learner simply because its challenging on many different
levels”. Staff F stated, “I think there's a sort of negative perception to chemists, you know,

something for geeks, they think it's too difficult, not relevant.”
(iii)  Prior learning and skills development

Staff raised concerns about fact regurgitation as part of the A level structure. Lack of
organisation and ability to adapt to the concept of adult learning requiring problem solving

skills as opposed to rote learning was highlighted by academic staff.

Staff B explained “that’s an issue {i.e. lack of problem solving skills}. | think it is related to
the styles of teaching they have had before university. They would go into a classroom, learn
and then leave”. Staff D had the same concern saying, “they are really poor {at problem

solving}, especially in the first year, they want to be passive recipients”.

They noticed a gap in knowledge in terms of chemical representation. Staff C mentioned
that “I was concerned so spoke to some sixth form students, they would only be experienced
with one specific way of drawing it {the chemical structure}’. Staff A also had the same
perception saying, “nomenclature terminology is not taught as rigorously as it used to be in A

level, so they come in not being precise enough.”

There were concerns about lack of practical skills, with staff A saying, “they do not have the
manipulative skills that they used to have and that's primarily because practical classes have
been cut back in schools”. A recent report by The Royal Society (Royal Society, 2023)

highlighted that access to practical science in schools continues to decline.

Importantly, staff often mentioned historical discussions or knowledge of these courses
which question whether their understanding of the current structure of pre-university study is
correct and up to date, with secondary school assessments and programme specifications

changing over the years (Gov.uk, 2021).

It is important to recognise the role of individual experience and prior learning as it will

impact a student’s understanding and interpretation of new knowledge (Bretz, 2001). As
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educators, this significance should be recognised and considered when planning teaching,
to ensure all students have understood this newly acquired knowledge independent of
previous experience. If there is a consistent identified gap with knowledge and skills once
starting on the programme, adapting the course can help bridge that gap, with a more
scaffolded approach to practical skills as well as the design of the course overall. Student
success and progress has been linked to their individual prior knowledge and

misconceptions (Sodervik et al., 2020).

5.4.2 Discussion of the student themes

There were twenty student interviews across the year groups but there was unequal
representation over the year groups with only one student volunteering from first year and a
large proportion from fourth year. Some individual students did not go into a lot of detail
when answering the interviewer questions, so their interviews were short and did not
generate a lot of data. Participation was voluntary rather than compulsory in line with the
ethical approval, so it is unclear why there were limited contributions from some participants.
It could be related to a lack of detailed opinion in this area, or it could have been challenging
to articulate their feelings due to a lack of pedagogical knowledge and terminology. The
experience from this phase was considered when planning the research tool in phase two

where further qualitative data is to be collected.

There were two themes identified solely from the student interviews which are discussed

here. Example quotes can be found in table 23.
(i) Focus on understanding

Students discussed their study methods for chemistry, often mentioning it consisted of
watching videos, for clarification and understanding. This could perhaps link to levels of
understanding during the term and their reticence to ask questions when confused during
lectures. They did show an appreciation of the importance of understanding, practising
workshop questions and explaining concepts to peers to check understanding. How
students approach their learning will have a critical impact on their academic success and it
is pleasing to see that students are recognising this. However, embedding teaching on
study habits for all students will be beneficial (Fergus, Heelan, et al., 2021) to those who
have yet to develop these skills. With the increasingly complex and number of clinical
settings, it is now not possible to teach all knowledge that may be required for post
qualification so knowledge alongside core concepts and development of problem solving
should be deemed as a sensible and realistic approach (Angelo et al., 2022). This makes

the successful development of appropriate study skills even more important.
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(i) Confidence in asking questions

Although not mentioned directly, the lecture class size compared to school seems likely to
have an impact on asking questions in a lecture (Sander & Sanders, 2009), with the change
in environment compared to school clearly an issue. Although this matter does link to the
wider issue of transition to university, which was identified as a common theme for both
groups, it was considered a separate theme by the researcher. This was because of its
specific nature, the frequency of it being raised by the students and the lack of this topic
being mentioned in the staff interviews. Students stated that one of the reasons for liking
workshops was linked to being more comfortable with asking questions due to the smaller,
possibly less intimidating groups. For example, student S6Y4 said “but in lectures, you can’t
really ask questions. You can engage in that way {in workshops}, the lecturers can go into

more depth”.

This confidence phenomenon has been found to be widespread in higher education settings
with it more commonly affecting students entering from non-traditional backgrounds and can

be improved by structured support (Donovan & Erskine-Shaw, 2020).

5.4.3 Discussion of common themes from both groups of interviews
Four themes were identified that were seen in both groups of participants. Example quotes

can be found in table 24.
(i) Transition to university

Staff acknowledged the demanding change in environment when transitioning to university
education and observed a lack of independent study skills across undergraduates. This lack
of development of essential skills needed for university education is a commonly seen issue
(Wingate, 2007), which some universities have sought to address by specifically teaching
both required practical skills (Smith, 2012) and problem solving skills (Williams, 2017). ltis
unrealistic to assume that all students will automatically develop these skills so embedding

them into the curriculum and chosen teaching methods is important.

Students also highlighted the challenges faced when starting university. Whilst some
acknowledged the scaffolding they had received at the start of their university journey, they
mentioned they would appreciate continuation of this throughout the programme. Students
suggested that they struggled with the change in the learning environment and how teaching
is structured and remembered this feeling throughout their undergraduate programme.
Research by Leong et al., (2021) looking at students’ preparedness for studying chemistry at
university level found a mismatch between what knowledge and skills were expected of them

from academics and what students thought they required. There is clearly further work
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needed to ensure students have a more comprehensive understanding of this new

environment to support them reaching their full potential.
(ii) Relevance to future career

With this relevance to future career theme, staff perceived a difference between students on
the MPharm programme as a vocational course when compared to other programmes they
taught on. Staff observed that pharmacy students appeared to be more focused on future
paid work and their current chosen branch of pharmacy after their degree than those on
other non-vocational programmes. They realised that focusing on relevance helps improve
engagement with staff E stating “if you can relate it to drug examples then, suddenly, they
are more interested in that when compared to just learning chemistry for the sake of learning

chemistry...they can see the relevance”.

Interestingly, staff acknowledged the importance of relevance, but some did not believe it
was possible to ensure this from the beginning of the course due to the volume of teaching
material needing to be taught from each discipline. (Although not named by staff, this
concept of ‘curriculum overload’ is a common concern with pharmacy programmes globally

and was discussed further in section 5.1.3)

The theme of relevance was discussed repeatedly in the student interviews. There were
some positive comments with students acknowledging the importance of longer-term goals
and their undergraduate education supporting them in their future career. Students often
focused on their career goals in their interviews, tending to identify one branch of pharmacy
they planned on working in. Although national data shows community pharmacy is the most
common sector for employment (Cameron, 2019), careers often span multiple sectors over a
lifetime which students did not seem to have insight into. Students often found it challenging
to categorically say if all chemistry taught was relevant, but they were able to come up with
examples which they thought were directly relevant from specific teaching sessions across
the years. These examples were very much linked to times when science and practice
teaching had been clearly integrated. For example, students discussed antibiotic resistance
and chemical structure, and the structure of statins and their mode of action. This perception
was also related to their lived experience so far within the profession. The short placement
opportunities on the programme give some students their only direct experience of what the
typical job may be like. This clearly has influenced their views; some could instantly think of

relevant integrated examples, but others could not.

Students were all asked about topics that they felt were their favourite and their least
favourite. Interestingly, there was no consistent theme with this. Students had to be

prompted with a reminder of topics. Previous research looking at difficulties with learning
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chemistry has found the factors influencing this were related to the abstract nature of
chemistry and the perceived volume of information to learn (Johnstone, 1991). An
appreciation of these factors enables educators to connect more effectively with their
learners and adjust their teaching methods, for example using approaches like relevance-

driven examples in teaching (Parchmann et al., 2020).
(iii)  Contextualisation

All students appeared to appreciate the importance of contextualisation, but the lower years
seemed to find it harder to think of examples in the programme so far. Staff perceived the
chemistry content to be contextualised earlier in the programme, but students did not seem
to realise this. Ensuring taught material is contextualised can be difficult. The term
‘contextualisation’ is not clearly defined and what is deemed relevant is clearly subjective.
Educators have considered this challenge over the years, (Gilbert, 2006; Stuckey et al.,
2013) recognising that a student must individually identify with and appreciate the example
for them to individually consider it ‘relevant’. This is challenging for the educator, as a
student wishing to pursue a career in the pharmaceutical industry compared to one with a

sole community focus may disagree with this perspective of what is a ‘relevant’ context.

The importance of contextualisation was mentioned frequently and identified as a theme in
both groups. However, within the staff group, it seemed more related to generally engaging
the students rather than a wider strategic approach to the development of clinical
pharmacists with a solid clinical grounding. This potentially could be related to only one dual
professional within the group (both a chemist and pharmacist) or that the overarching
purpose of this curriculum design had not been fully communicated to all staff. Previous
research by Mawdsley & Willis, (2018) has shown that a lack of understanding of the
overarching curriculum design by the educators teaching it can undermine the possible
benefits it was designed to deliver. Overarching curriculum design was not identified as a
theme which was surprising, although it was not directly asked about. An integrative

approach to curriculum design will be discussed further in future chapters.

A contextualised approach to teaching can help students to think and apply their knowledge
holistically rather than compartmentalise new knowledge under specific silos or topics
(Gilbert, 2006). Research has suggested that sometimes students fail to appreciate the
relevance of science to their chosen career path, therefore teaching students so they can
see the relevance through the application of knowledge is a sensible approach to take
(Fergus & Kostrzewski, 2011). Aiming to ensure that graduates of the MPharm programme
can problem solve by drawing on their solid foundation in chemistry and the sciences is a

prudent aim. Rather than solely increasing a student's knowledge of chemistry, the MPharm
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programme should aim to produce graduates that are able to problem solve by drawing on
their strong foundation in both chemistry and clinical knowledge and understanding (Faruk
Khan et al., 2011).

(iv)  Application

A recurring discussion point with both the staff and the student interviews was the
importance of the application of knowledge rather than the acquisition of it. Together these
results provide some interesting insights into attitudes within the staff and student population

on the MPharm programme.

The importance of application of knowledge was repeatedly mentioned by staff without
prompting, with a consensus that there should be less focus on theoretical teaching and
more on small group teaching sessions like tutorials and workshops. Staff D stated that
“after introducing them to a topic, you need to get them to apply it quite quickly in terms of a
question, if | relate it to something that is more meaningful to them, they engage with it much

better”.

There was however an acknowledgment that a curriculum re-design to only small group
teaching is potentially unrealistic in terms of cost, resources, available teaching spaces and
large cohorts. The adaptations to teaching which were essential during the COVID peak
pandemic have provided an opportunity to develop novel approaches to programme delivery
which can continue to be used. Recent research has found a blended approach is
appreciated and often preferred by students in a post-lockdown era (Broad et al., 2023). In
the meantime, some staff have adapted to a more application approach style in teaching by
changing the structure of their on-campus lectures to make them more interactive. The
benefits of a blended approach have been highlighted through this analysis, which is more
acceptable and possible in a post COVID era. Experiences from this period and the need to
develop new teaching methods during a pandemic can continue to be utilised. This is
supported by recent research (Senhaji-Tomza et al., 2023) across three US schools of
pharmacy which found that remote learning in some form, specifically the didactic elements

of a course are preferred.

Students in all year groups consistently stated that they enjoy workshops and linked this to
their active learning approach and helped to achieve meaningful learning. Staff also
identified that students engaged more in this type of teaching session. A cross-discipline
study by Breen & Lindsay, (2002) which used questionnaires across cohorts in combination
with academic performance data found that motivation was seen to be higher in those

undergraduates with better academic results in science and health care specific disciplines.
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Potentially using teaching that encourages student motivation and engagement may lead to
an improvement in academic achievement although it is acknowledged that motivation is one

of many factors influencing attainment (OfS, 2022).

There is evidence that the skill of applying knowledge i.e. problem-solving needs to be
cultivated over time following the embedding of knowledge to solve these problems as
opposed to the perception that it is a simple skill that can be taught in isolation (Sands &
Overton, 2010). When asked about improvements or changes to the programme, students
consistently stated that they would appreciate more workshops and more practice at
application. This highlighted that they feel they have not fully had time to develop these
problem skills appropriately. Using a problem based learning approach highlighting
examples which have a relevant and meaningful context to the students helps to deepen
their understanding as well as develop problem solving skills required in practice (Overton,
2016).

5.4.4 Discussion of the data analysis in relation to the research questions
The interviews and the subsequent analysis allowed the research questions for both data
sets to be answered. As a reminder, the research questions related to these specific

interviews were:

e What do chemistry academic staff consider and understand regarding student
perceptions of chemistry on the MPharm programme?

e What do chemistry academic staff think influences MPharm students learning of
chemistry?

The research questions for the student interviews were

o What are MPharm students’ perceptions towards chemistry within the MPharm
degree?

o Do students experience any difficulty in specific chemistry topics?

¢ Do MPharm students identify effective ways to learn and understand chemistry?

The presence of shared themes between both groups indicates that staff often understood
students’ perspectives, which is encouraging. The influencing factors of relevance and
contextualisation was clearly acknowledged in both groups. Application of knowledge was
identified as an important process to demonstrate effective understanding by the staff whilst
students also appreciated its importance, although they did not fully articulate why. There
was a lack of discussion of pedagogical underpinning which was not expected within the
student group but was surprisingly absent within the staff group. This could be due to many

chemistry academics being heavily research focused and teaching on a variety of
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programmes with differing graduate outcomes to focus on. It was noticeable that academic
staff who were more teaching focused would refer to relevant pedagogy, but it is
acknowledged that the interviews were not explicitly focused on this pedagogical

underpinning.

Different pedagogical approaches to address the challenges highlighted were not discussed
in detail. Recognition of the importance of pedagogical content knowledge (Shulman, 1986)
to ensure academics can communicate complex chemical concepts using appropriate

teaching strategies is noted and could be explored further in future research.

Students were not able to articulate which specific topics were rewarding or challenging.
However, organic chemistry was never reported as being a ‘least favourite’ topic, with some
students highlighting its relevance to drug structure and function learning, possibly

accounting for the acceptance of its importance.

The students discussed the importance of understanding when exploring how they
effectively learn which was encouraging. However, their approaches to study could be
probed more to consider if higher order thinking and learning is achieved with integration of
taught material (Mawdsley & Willis, 2019). This will be explored further in the second part of
this phase in chapter 6.

5.4.5 Limitations
This is a small study at one school of pharmacy so although it is not appropriate to
generalise. It does, however, represent the lived experience of pharmacy students studying

and academics teaching on this programme.

Because of the nature of research and appropriate adherence to ethics, participants were
interviewed on a voluntary basis. It is acknowledged that those who volunteered are likely to
have an interest and opinions on the matter, be that positive or negative. The student
interviews would be a self-selecting group of students out of a larger cohort who are likely to
be interested in and engaged with chemistry or at least have strong feelings towards
chemistry on their degree programme. From the discussion and analysis of the phase one
data, it would have been beneficial to interview mature students, but none volunteered. In
addition, identification of ethnicities could have enhanced the discussion following on from
phase one results. However, it is acknowledged that from small sample qualitative data, it
would be inappropriate to draw further conclusions from an even smaller subset of the data.
For the same reasons, conclusions could not be drawn from any differences in perspectives

within individual year groups due to the varying numbers per year group.
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This study focused on perceptions so did not look at attainment in relation to student
perceptions of an area and their perceived engagement with it. It is not clear whether

perceptions have a direct impact on academic success.

The rigour of the selected methods for the whole doctoral study have been discussed and
justified in section 3.16 and also in this chapter (section 5.2), but it is acknowledged that the
final presentation of findings is the thematic analysis of a sole researcher in order to be truly

aligned with the approach of Braun & Clarke, (2006).

5.4.6 Reflective account of researcher

For this chapter, the researcher’s reflections were considered during the methods as the
researcher’s position was considered throughout the question design phase as well as the

qualitative analysis phase.

| acknowledged that this qualitative part of the doctoral study could be more
easily influenced by prejudices so was careful to consider these when planning
the initial interview schedules as well as the analysis of the collected data. | was
also aware of discussing possible prejudices with the student researchers to help
prevent bias creeping into their research technique.

Expectations of the results were reflected on. This was an area | was very
interested in, but | was very conscious it was an area that | knew little about
when | first started the research. | was expecting students to be more consistent
and clearer with which topics they enjoyed and what they found more difficult. |
was expecting them to be unsure about the value of practicals but was pleased
to see specific practicals (pH absorption and aspirin synthesis) highlighted and
appreciated. | had expected staff to discuss the curriculum design more and
pedagogy, but on reflection, their interests tended to focus on other specific
areas of science research so | should not have been surprised. | was surprised
about the lack of confidence in practicals and their hypothesis behind which
makes sense but was never considered by the practice team teaching patient
safety. | was saddened to see some lecturers felt students did not engage with
their teaching and the disheartened feelings this produced. | am used to
students generally being interested in the topics | teach (for example oncology)
and had not considered this issue in detail before. | used an inductive approach

to the analysis without pre-coded themes to fit the data to.
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5.4.7 Summary of phase 2 part one
This research adds to the scarcity of qualitative data in this area and gives an insight into

how the teaching of chemistry on a pharmacy programme is received. In line with the thesis
aim, it considers how this teaching impacts students’ understanding and application. Whilst
the overall design of the pharmacy curriculum directly influences the subject content, how
both educators deliver it as well as how students interpret this, will define how the content is
taught, learnt, understood and applied (Pearson & Hubball, 2012). The curriculum is aiming
to produce graduates who can problem solve using their underpinning science knowledge
and become confident and competent pharmacy practitioners (Faruk Khan et al., 2011).
Previous literature has concluded that there needs to be a clear strategic approach with a
focus on contextualisation from the beginning of the course and an emphasis on application
of skill rather than solely knowledge acquisition (Husband et al., 2014; Pearson & Hubball,
2012). Some of the sentiments of the academic staff on the integrated curriculum and
contextualisation were similar to issues highlighted by Mawdsley & Willis, (2018). In support
of this previous literature, it highlights that a clear strategy should be communicated with
staff on the programme’s integrative approach rather than assuming it is understood and

adhered to.

A lack of confidence in practicals not identified before in literature but was a clear theme
from the staff interviews in this research. A general lack of confidence was identified from
the student interviews when seeking guidance or clarification. This has been seen in other
higher education settings so this corroborates their findings (Donovan & Erskine-Shaw,
2020). Improvements to the support given should be considered in the context of science
within the Master of Pharmacy setting following these findings. Practicals can be a
beneficial way of learning and understanding (Galloway et al., 2016) so refining these to
scaffold and encourage more learning needs to be explored. Practicals should allow time to
consider and create links between science and practice in addition to completing the specific
experiment. Consideration should be given to the academic staff supporting teaching
sessions who need to demonstrate an integrated understanding of both chemistry and
practice that the students are expected to develop (Mawdsley & Willis, 2018). Development
of pedagogical content knowledge within academics can support explanations of complex

topics and improve student learning (Shulman, 1986).

5.4.8 Data triangulation with findings from phase one

This chapter’s findings contributed to answering several of the overarching thesis research
questions. Alongside the analysis of phase one, it also considered: ‘What influences

students’ understanding and application of knowledge of chemistry within the MPharm
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degree?’. The findings from both phases were combined and compared to make inferences

in relation to this research question (Tashakkori et al., 2021).

When reviewed alongside phase one, this phase two data analysis established some
interesting findings with the qualitative data, potentially explaining some of the results seen

from the phase one quantitative findings.

Students discussed the need to understand chemistry teaching and the theme of focusing on
understanding was identified in the student participant group. They discussed that, for
example, practising worksheets was helpful. Students were seen to engage well with the
PeerWise tool to a significant extent above the suggested requirements. It may have been
because it was very well suited to their preferred mode of study for chemistry.

Students also tended to prefer workshops when compared to other types of teaching
sessions. Introducing PeerWise in an interactive workshop may have also encouraged them
to engage with the tool as students had also explained they were more likely to ask

questions and ask for clarification in a workshop setting.

Students and staff highlighted the transition to university was challenging and this was
identified as a theme in both groups. There are different processes and procedures when
taking summative assessments in higher education settings when compared to school or
college. This could potentially have impacted on students summative midterm test score as
this will have been students first summative assessment at university. However, this

hypothesis would need further research to be conclusively established.

5.4.9 Informing the next phase of the study

This phase established the importance of relevance and contextualisation to maintain the
interest and engagement of students. The emphasis students placed on their future careers
was interesting. These aspirations seem to shape their attitude to learning, with application
of knowledge being a key factor that was also identified as a theme. These views are clearly
evident when teaching as academics easily recognised them as consistently important for

students.

It is clear that the thinking integratively is a pivotal element to this thesis as opposed to
focusing solely on the design of the programme. Although the concepts of using integration
and contextualisation within pharmacy programmes are well documented (e.g. Husband et
al., 2014; Pearson & Hubball, 2012), further research into how students study within an
integrated curriculum is needed. Questions on this area will form the pivotal part of the next

section, part 2 of phase 2 of this overarching thesis.
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The experience of how well student participants were able to contribute to individual
interviews was reflected on when considering the suitable research tool for the next phase.
It was noted that some students were quite quiet in these interviews, even though they had
volunteered to take part in the interviews so were engaged with the process. As some
students sometimes struggled to articulate their thoughts and perceptions in one to one
interviews within this phase, consideration will be given to using focus groups at the next
phase to allow more meaningful interactive conversations about their shared experiences
(Cresswell & Poth, 2018).
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Chapter 6 Students’ understanding and expectations of learning and integration on
the MPharm degree programme

6.1 Introduction

This chapter presents the data for phase two (part two) of this study and its subsequent
analysis.

There are several published innovative integrated teaching examples discussed in section
2.4.3 which often evaluated students’ perceptions of these teaching methods but do not
critically examine the underlying aims of integrated curriculum design or its success in
meeting those aims. A study by Islam & Schweiger, (2015) implemented a more
comprehensive approach by using a series of integrated modules over years 2 and 3 of their
4-year PharmD programme. A total of 169 students responded to the questionnaire and
provided an overwhelmingly positive response to this approach. It also found that students
in the higher years had a greater appreciation of this integrated approach when compared to
the lower years. It was viewed as an effective way to learn but there was no data collected

or analysed on any changes to understanding and application skills with this new approach.

How students experienced an integrated curriculum was explored at a School of Pharmacy
in the UK (Mawdsley & Willis, 2019). Analysis from the focus groups of fifty-one MPharm
students across all years identified a variety of themes. Students were able to identify
pedagogic strategies of integration within their degree programme, but the integration
needed to be clear to students for them to recognise it. They continued to find integrated
assessments challenging and the authors highlight the need for further work on assessment

formats and the need for explicit, relevant connections within integrated teaching.

What remains underexplored in the current published literature is students’ perception and
understanding of the skills they are (or should be) developing within an integrated curriculum
approach (Husband et al., 2014). Higher order thinking skills are needed when problem
solving, appraising the evidence base and clinical decision making (Persky et al., 2019).
These skills are needed to be a competent pharmacist in today’s healthcare system (NHS
England, 2023).

In this chapter, students’ expectations on the delivery and structure of the programme are
explored alongside perceptions on their ability to integrate material. This more focused
research on understanding and perceptions of the integrative nature of the curriculum will
help inform the development of effective ways of learning, teaching and assessments to help

ensure these skills are developed.
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6.1.1 The research questions
Following consideration of the current knowledge base and the identified gap in published

literature, the research questions were finalised as:

e Do MPharm students understand how to think and study ‘integratively’
within the context of the MPharm course at UH?

o What are undergraduate MPharm students’ perceptions towards
integration within the MPharm degree?

o Would using a case-based approach to teaching encourage MPharm

students to think ‘integratively’ within their degree?

6.1.2 Integration as an approach to pharmacy curriculum design

The increased clinical nature of the pharmacist role in the UK (NHS, 2000; NHS England,
2019) required the initial education training standards to evolve and adapt to ensure that
graduates are fit for this role (GPhC, 2011, 2021). These standards continued to highlight
that a solid science foundation is still considered pivotal to achieve these newer, more
clinical learning outcomes. In addition to new learning outcomes and standards, the
curriculum approaches that could be used to deliver this new curriculum were also revised.
The GPhC (GPhC, 2011) advised the use of Harden’s ladder of integration (Harden, 2000)
when designing a new programme to meet the new learning outcomes. This strategy,
alongside using a spiral curriculum approach (Harden, 1999), where teaching and
assessments increase in complexity in each year group, were adopted by Schools of
pharmacy in the UK. These curriculum design approaches are also discussed in section 1.6
in the introduction chapter, with integration discussed and defined in chapter 2 (section
2.1.4). Discussion on the development and implementation of this approach in pharmacy
programmes will be discussed here, focusing on countries where pharmacists have a similar

clinical role to the UK.

The role of the pharmacist in the US and Canada has also developed with a more clinical
focus, with corresponding updates and changes to their educational standards (ACPE, 2016,
2025; CCAPP, 2020). Their published literature provides useful insights into this curriculum
approach. For example, Pearson & Hubball, (2012) discussed the concept of integration
within pharmacy curricula as they began to evolve in response to educational reforms in
Canada (CCAPP, 2020). They acknowledged that change was essential to meet the new
demands of the clinical roles and described ways of evaluating them. They also called for
further research and evaluation to ensure curricula design were fit for purpose. The strategy

of using an integrated approach is also well established in the US Schools of Pharmacy.
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Following the implementation of updated ACPE standards (ACPE, 2016) which required
further integration within pharmacy programmes, Islam et al., (2016) investigated whether
US pharmacy programmes would define their programmes as integrated. In total 70% of the
112 programmes who responded stated they were integrated but the level of this did vary
from school to school; without a pre-set definition, it does not provide a detailed account of

delivery.

Kerr et al., (2020) highlighted that there was no consistent description of integration, so its
meaning is interpreted in multiple ways by different institutions. Although an integrated
approach is widely respected as desirable and a requirement of many pharmacy regulators,
consistent positive outcomes are yet to be proven with specific models used and levels of

integration often not defined in published studies.

As integration does not have a universally recognised definition, this was discussed and
defined in chapter 2 (section 2.1.4). The strategic definition written by Kerr et al., (2020) was
deemed appropriate in the context of this thesis i.e. as a “multi-faceted term describing a
curriculum design which may be defined by model (horizontal, vertical, spiral), theme
(systems-based, stages of life, topic, cross-cutting theme) and integrative teaching and
learning approach (problem-based, case-based, experiential, enquiry-based, team-based

learning, inter-professional education) and level of integration” (Kerr et al., 2020 page 13).

An example of an integrated approach at a UK university has been widely cited and
duplicated (Husband et al., 2014) which used a body-systems approach. The authors
highlight the need for an integrated curricula to appropriately prepare pharmacy students.
They emphasise it allows them to develop the skills needed to deal with complex clinical
problems which need underpinning science as well as clinical knowledge, however they
acknowledge it is currently hard to evidence whether this approach categorically improves

the pharmacist’s health care provision.

A thorough systematic review investigating integrated curricula (Nazar et al., 2019)
considered the evidence of their impact on performance. Although there was evidence of a
positive effect in terms of student experience as well as knowledge and skills development,
clear data in terms of overall improved achievement with this type of curriculum is currently
lacking. There is also little data regarding students’ understanding of this design and its

desired impact on their learning, understanding and application.

6.1.3 Consideration of the challenges to an integrated approach
Although there is literature on a range of integration models used in pharmacy and
healthcare programmes (Nazar et al., 2019; Ryan et al., 2020; Zakeri et al., 2024), there is

less discussion about specific chemistry content of the programmes (Faruk Khan et al.,
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2011). Core chemistry concepts have yet to be defined but are being researched (Angelo et

al., 2022) with pharmacology-based core concepts recently published (Guilding et al., 2024).

DiVall et al., (2020), discussed the challenges faced when trying to implement this strategy
of integrated curriculum in Schools of Pharmacy across the US. They argue there is not one
single best model and finding a balance without marginalising the foundation sciences is
important. However, whilst advocating against the loss of fundamental science from
pharmacy curricula, they also warn against addressing this by simply doubling content.
Recognising and acknowledging some content may need to be removed if it is now less

relevant to clinical practice is an important factor for those who design curricula to reflect on.

With the expanding role of the pharmacist and increase in content brings the added
challenge of curricular overload. Romanelli, (2020) discussed this issue, where educators
tend to add new content in response to new scientific discoveries or new required
competencies but do not remove material which may be outdated and less relevant. The
potential consequences students adopting to a surface approach to learning to cope with the
increased volume of work (Kelley et al., 2023). The challenges of integrated curricula and

cognitive overload have been discussed in chapter 5 (section 5.1.3).

Despite the recognition of overloaded curricula within several healthcare programmes, there
is often resistance to reducing the contents, including concerns about dumbing down
complexity and reducing academic standards (Slavin & D’Eon, 2021). Following the growing
concern regarding overloaded curricula within the pharmacy education community, a task
group was set in the US (Kelley et al., 2023). They discussed possible solutions which
included streamlining teaching with further integration and removing silos. They also
suggested using pedagogical approaches rather than increasing content. A review and
reduction of content and assessments in these overloaded curricula is essential to ensure

that students learn with understanding rather than surface rote learning.

6.1.4 Thinking integratively

The paradigm shift from dispenser to medicines expert for pharmacists means they need to
think more integratively to perform their new role competently. The role of the pharmacist is
now more patient centred, so they are required to think holistically rather than in a discipline

focused way.

Teaching using a case based and problem based approach is one way of preparing students
for clinical practice providing authentic problems for them to solve (Schmidt et al., 2011).
This approach recognises the importance of skills development and thinking strategies
rather than solely basic knowledge recall (Hmelo-Silver, 2004) . Analysing a case study and

evaluating how to deal with issues allows students to demonstrate and develop their higher
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order thinking skills (Forehand, 2010). This application of knowledge is recognised as higher
level cognitive skill with Bloom'’s hierarchy (Krathwohl, 2002). It is noted that cases need
particular attention to ensure the clinical questions have foundational science underpinning
which require integrative thinking (Ratka, 2012). This helps ensure higher skills like analysis
are needed (Krathwohl, 2002). A framework such as the one developed by Fergus et al.,
(2019) can be used to help ensure an integrated approach is used when using this teaching
strategy. These metacognitive skills are meant to be one of the beneficial outcomes of an
integrated curriculum (Husband et al., 2014). However currently there is not conclusive
evidence this type of curriculum strategy achieves this (Nazar et al., 2019). Whilst there is a
lot of published research on integrated curricula as well as examples of contextualised
teaching, a research gap remains regarding the extent to which students understand the
metacognitive skills they are intended to develop through this approach, and whether current

curricula successfully cultivate these skills.

6.2 Methods

Focusing on the same Master of Pharmacy programme at the University of Hertfordshire as
the earlier part of phase two, this study used a qualitative method of data collection to gain
further insight into students’ perceptions of their learning and understanding towards

integration within their programme of study.

6.2.1 Selecting the research tool

Both focus groups and individual interviews were considered as a potential data collection
method. In addition to learning from the experience of using interviews for part one in this
phase, the advantages and limitations were closely considered between these two methods.

This was discussed in Chapter 3 (section 3.11).

Having considered strengths and weaknesses of interviews and focus groups, it was
concluded that focus groups would be most appropriate for this phase of the research. It
was acknowledged that students may not be experienced in this topic area so the
collaborative nature of a focus group where peers discuss the topics together would allow for

more in-depth conversations and rich data to be collected (Morgan, 1996, 1997).

The size of each focus group was considered during the planning stages of this research.
However, there is not a consensus on the number of participants or number of groups to
conduct, due to the wide range of documented study purposes (Hennink et al., 2019).
Morgan, (1996) also acknowledges the optimum number is dependent on the topic area and
participant base. Tang & Davis, (1995) highlight that the aims of the research as well as

question schedule should be considered when determining the size of the group.
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Denscombe, (2017), references having between 6 and 10 participants but Morgan, (2016)

defines focus groups as having from four participants upwards.

The composition of each focus group was also considered. There was concern that mixed -
year focus groups may affect the dynamic of the conversation and therefore open discussion
in the group in a negative manner (Cohen et al., 2018). There would potentially be a risk
that students in the lower year groups felt less knowledgeable or intimidated by the later
years (intentionally or otherwise). This could result in them remaining silent which would
reduce the individual data contribution (Denscombe, 2017). It was important that all
participating year groups realised their comments and perspectives were valid and
welcomed, allowing rich data to be collected. Focus groups were therefore conducted in year

groups rather than mixed.

6.2.2 Students as co-researchers

As with part one of this phase, the interviewer effect (Denscombe, 2017) was reviewed and
reflected upon. As the researcher of this overarching thesis is both a PhD student and an
academic teaching on the MPharm, there is clearly a power disparity in the relationship
between an academic teaching on a programme and a student on the same course (Cohen
et al., 2018). This type of relationship was considered when planning the running of the
focus groups. Canning, (2017) highlights the possible flaws in gathering the student voice
through a tutor-centred approach where they are facilitating the dialogue and conversations.
Seale, (2010) argues that the student voice remains underdeveloped in Higher Education,

due in part to the research methods that have been used historically.

Engaging with the principles of participatory research (Fielding, 2004), a group of fourth year
MPharm students were involved in the design of this project and the conducting of the focus
groups to gather data. A group of three students in the final year of the programme who
were interested in pharmacy education volunteered to take part in this project as part of their
own compulsory credit bearing research project module. To prepare and support them in
this role, they attended theory lectures and workshops on relevant research methods, study
design and interviewing techniques. Additionally, they participated in weekly tutorials with
the academic to discuss this specific study. They were involved in designing the structure of

the focus groups and conducting the focus groups.

To align with the theme of integration, these students were also involved in developing and
designing some teaching material in the form of integrated case studies which will be

discussed in more detail in the next chapter.

The research group discussed the organisation and design of the focus groups. An

unstructured approach could have been taken, allowing students to converse freely around
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topic questions, the curriculum, teaching, learning and assessment preparation (Boulton &
Hammersley, 2006). However, the possible risks associated with this in terms of not
answering the research questions meant this approach was disregarded. A semi-structured

approach was deemed most appropriate for this study (Jamshed, 2014).

6.2.3 Question development and justification

The student researchers provided input with the PhD researcher to develop the question
schedule for the focus groups. The structure of this schedule was informed by the literature
(Gillham, 2005) and the questions were written to align with the research questions. The
rationale for each question was also justified with relevant published literature with the final
schedule shown in table 24. The focus groups started with closed questions on individual

factors followed by more open-ended discussion questions.

When planning questions relating to curriculum design, it was important to acknowledge
terminology which may or may not be understood by the students. Although the terms
‘integration’ and ‘contextualisation’ are used frequently by educators, it should not be
assumed that a student without a specific interest in education would fully understand them.
The definition to operationally describe integration for the context of this thesis was “when
connections are made across different modules or subject areas of the pharmacy course”
(Mawdsley & Willis, 2019 page 452). The student co-researchers had input into deciding
what phrase to use when discussing integration in the focus groups and agreed ‘creating
links’ was a good phrase to use as a starting point for an explanation within the focus

groups.

The questions were written then discussed and reviewed by a second researcher (the
supervisor) who provided suggestions for amendments. The questions were piloted to
ensure they were clear and there was no ambiguity. As the student co-researchers had no
previous experience of conducting focus groups, simulated practices were conducted to

build skills and confidence prior to running the actual research focus groups.
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Table 25- Final question schedule for student focus groups

Introduction
e Brief introduction of myself, thank them for participating in the research.
¢ Remind and explain the purpose of this project (all participants have already

consented and been sent a participation information leaflet).
e Explain that as much detail as possible would be appreciated
e Some short questions — age range, gender, year of study and prior study
e Remind them they will remain anonymous and be allocated a letter rather than
using their name when analysing the data
1. Could you tell me a little about the work experience within the pharmacy
setting you have so far?
2. As pharmacy students, we are taught a range of subjects and topics. What are
your expectations in teaching?
Prompt for further discussion: taught in subjects like chemistry, pharmacology and
clinical practice or taught in disease states with topics all mixed together?
. Have your thoughts on this changed through the years on the MPharm
course?

. Do you feel certain topics are more relevant than others?

. Do you feel you need to know and understand certain topics in practice?

6. Do you feel able to create links between science and practice when you
are being taught?

7. Do you think it is important to create links?

(Prompt: Creating links between modules and integration can be explained
further if needed for clarification)

8. Do you feel your attitude to this has changed throughout the MPharm
course?

(For first years, the question was adapted slightly— do you feel your attitude

has changed since starting the programme)

9. When studying for an exam, how do you approach revising?

10. Do you revise or approach learning differently each year/ module? {Prompt} Can
you explain why you have different approaches?' (for first year, the question was
adapted slightly — do you revise of approach learning differently since starting
university

w

SN

)]

6.2.4 Consideration of the eligible participants

This study focussed on the student population within the University of Hertfordshire, a
School of Pharmacy in the UK. All students registered from years 1 to 3 on the Master of
Pharmacy programme at the University of Hertfordshire were considered eligible to

participate.

The final year group (fourth year) of the MPharm programme were not included in the study
population. The MPharm programme design is synoptic, and academics have found it
common for the fourth-year students to have a realisation within this final year of study,

recognising importance of the multiple elements of the programme and their integration.
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This observation was agreed with and confirmed by the student co-researchers in this study.
Also, with a group of fourth-year students acting as co- researchers and leading the focus
groups, there was a discussion to consider conducting a focus group with their friends and
colleagues from their own year group when compared to peers in different year groups. Itis
clearly a limitation to the participatory research method chosen, but it was felt the benefit of
having students as co-researchers for this project outweighed this specific limitation. It was
considered if the academic supervisor could have led a focus group with final year students
but following reflection and discussion with PhD supervisors, it was agreed that this would
deviate from the agreed methodology of this particular study. It would make the dataset for
the fourth year arguably incomparable with the other year groups dataset so would be

significantly less meaningful.

6.2.5 Ethics approval
Ethical approval was sought for the study; this was granted by the University of Hertfordshire

ethics board with protocol number LMS/SF/UH/03939.

6.2.6 Participant recruitment and data collection
An invitation to take part in the focus groups was emailed to MPharm students via the

university's virtual learning environment. All currently registered students from first to third
year of the MPharm degree were invited. A reminder email was sent two weeks after the

initial email.

Focus groups were then arranged per year group with one student co-researcher attending
and leading. These focus groups were held face to face on the university campus in a

private quiet room.

6.2.7 Data analysis

Davies, (2007) argues that analysis starts from the beginning of the focus group, with the
researcher observing the dynamics and interactions within the group. With this in mind, the
student and PhD researcher discussed each focus group afterwards to consider any
observations and found that listening to the recordings multiple times also helped

understand the dynamics within the group.

The qualitative data were analysed using thematic analysis (Braun & Clarke, 2006). The
approach closely adhered to the six phases (see table 19). An iterative approach was taken
for analysing qualitative data with familiarisation of the data first through listening and
reviewing the transcripts. Codes were identified, then themes with multiple refinements

taking place.
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Rather than using computer software to support identification of codes and themes, a
manual approach was again taken to analyse the data, using the same approach described
in chapter 5 (see section 5.2.5). This approach has been utilised by other researchers
(Basit, 2003; Mattimoe et al., 2021) and it was deemed appropriate because of the size of
the dataset and the researcher’s preference. It was found that a manual approach
encouraged full engagement with the dataset with repeated reading and reviewing needed.
It encouraged the researcher to be reflexive and aligned well with the iterative process

required by the Braun and Clarke methodology (Braun & Clarke, 2006).

Although the co-researchers were involved in coding and identifying themes as part of their
undergraduate project, the final presentation of the findings of this phase are intentionally
the work of one researcher. This is in line with reflexive approach described by Braun &

Clarke, (2006). The final themes presented were solely determined by the PhD researcher.

6.2.8 Assurance of research rigour for this chapter
The trustworthiness of this data analysis was assured by following a well-established method

of data analysis (Braun & Clarke, 2006). This specific approach requires the researcher to
be reflexive with iterative review, coding and refining of the analysis of the dataset. The
manageable size of the dataset and use of manual coding added to the research rigour of
this analysis. It encouraged a close engagement with the dataset and facilitated a deep
immersion into the focus group transcripts. This deep engagement supported the

interpretation needed during analysis.

The analysis of this data can be deemed credible due to multiple factors. A well-established
method for qualitative data analysis (Braun & Clark, 2006) has been applied and adhered to.
This analytic process has been done in a transparent way which assures the reader of the

trustworthiness of the analysis (Lincoln & Guba, 1985).

It is important to acknowledge the social construction of reality, there are multiple realities as
people see things differently due to their unique experiences and perceptions (Bodner, 1986;
Denscombe, 2017). The absence of a single shared reality does impact on how transferable
research finding can be. Lincoln & Guba, (1985) explain that results are transferable if the
context and situation are the same and the reader takes the responsibility of this decision

from their knowledge of their own relevant contexts.
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6.3 Results
A total of fifteen Master of Pharmacy students volunteered and participated in this study.

Five students were in the first-year cohort, six were in second year and four were in third

year. Table 26 below shows further details on these participants.

For context regarding prior qualifications, a student may take a one-year initial science

foundation programme (UH, 2025) and if this is successfully passed, they may gain entry to

the programme via that route. This is often taken if the entry criteria were not met with A

levels at a high enough UCAS tariff.

Table 26- Summary of background information for the focus group participants

Year and GENDER AGE PRIOR QUALIFICATIONS
code
Year 1: 1A | Male 18-21 A levels including Biology, Chemistry
Year 1: 1B | Male 18-21 Access to higher education diploma
Year 1: 1C | Female 18-21 Initial year science foundation programme
Year 1: 1D | Male 18-21 A levels - Biology, Chemistry, Mathematics
Year 1: 1E | Female 18-21 Initial year science foundation programme
Year 2: 2A | Female 18-21 Initial year science foundation programme
Year 2: 2B | Female 22-30 Initial year science foundation programme (and A
level chemistry)
Year 2: 2C | Female 18-21 1t year pharmaceutical science (level 4)
Year 2: 2D | Female 18-21 A levels : Biology, Chemistry, history
Year 2: 2E | Female 18-21 A levels including: Biology, Chemistry
Year 2: 2F | Female 18-21 " : :
Initial year science foundation programme
Year 3: 3A | Female 22-30 A levels : Biology, Chemistry, mathematics
Year 3: 3B | Female 18-21 Initial year science foundation programme
Year 3: 3C | Female 22-30 A levels :Biology, Chemistry, mathematics
Year 3: 3D | Male 22-30 A levels in Biology, Chemistry, mathematics

All students were asked what relevant work experience they had in relation to pharmacy and

this information is summarised in table 27.
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Table 27 -Summary of work experience information for the focus group participants

YEAR/ STUDENT WORK EXPERIENCE

CODE

Year 1: 1A Community Pharmacy- 8 months.

Year1: 1B A few weeks of work experience- 4 weeks community
pharmacy.

Year1:1C Community Pharmacy- 7 months.

Year 1: 1D Community Pharmacy — weekend work

Year1: 1E Not answered

Year 2: 2A Community pharmacy -Weekend work.

Year 2: 2B Hospital pharmacy-5 years full time.

Year2: 2C pharmacy & hospital work experience.

Year 2: 2D Community pharmacy summer placement, industry
placement

Year 2: 2E 2-month placement in community pharmacy

Year 2: 2F Veterinary pharmacy overseas.

Year 3: 3A Community pharmacy- part time role.

Year 3: 3B None (only short university placements).

Year 3: 3C Community pharmacy & hospital pharmacy
Summer placements.

Year 3: 3D Regular community pharmacy- weekend work

6.3.1 Themes

Four themes were identified following analysis of the focus groups transcripts.

These were: (i) strategic learning approaches, (ii) the importance of relevance to practice,

(iii) benefits of work experience and (iv) creation of links within teaching and learning.

6.3.2 lllustrative quotes per theme
(i) Learning approaches

When discussing learning approaches, students across the year groups demonstrated a

range of study strategies with some directly highlighting the importance of understanding.

1E: “I use the Cornell method, its effective for me”
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1B “I make sure | understand [the material] ...and try to figure out what they will ask

”

us

1C “l like writing notes and then reading textbooks...I try to answer questions...also

working together with other people to try to understand it”

2E “| prefer doing extra reading, particularly with challenging topics, it helps me

understand the subject deeper”
3B “I try my best [to revise] ...so | understand what is going on [from lecture material]

However, some participants across the year groups linked their revision techniques and

study approaches to the type of assessment that was used within a module.

2A “Sometimes, | don't like deep learning as it confuses me...surface learning for
MCQs [is fine]”

2C “| differ my learning approach depending on the topic, if it is heavily weighted in

lectures, | will spend more time applying a deeper learning approach...”

3B “so I'm not really a fan of integration cos the questions that come out on the exam

really just make my head boil....it makes it hard for me to study”

Several students highlighted the importance of understanding taught material and showed
an appreciation of how contextualised teaching supported this. Those taking a deeper

approach appeared to appreciate the importance of integration.

1B: “It [integration] helps us to understand the knowledge...if we are told this is how

we can link it back to practice and how you'll need it, it makes sense”

1C “l think case studies are really important for application. | think without the case

studies | would struggle to put it...into practice”

More traditional additional reading seems to have been replaced with use of videos for

revision which some students use to support learning and understanding.

1B “videos like YouTube...in A level, | used this as a revising tool which was quite

good”

2B “l use the lecture notes as a baseline, | then use YouTube, video resources and

books, which help enhance my understanding”

3D “I prefer videos to be honest; they would be better for me”
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(i) The importance of relevance to practice

Students often referred to their future careers, and the merit of a topic was frequently linked

to how relevant they felt it was to their current chosen pharmacy sector.

1B “the minor ailments stuff [is important], we can use all that, if | am working in a

pharmacy, | can figure out...the disease”

2A “I don't feel like Pharmaceutical Chemical Analysis (PCA) is very relevant to

pharmacy...”

Although this link to relevance was very individual depending on their own specific career

plans.
2B “From working in a [hospital] QC, PCA is very relevant....”

3C “a lot of people kind of have an idea of what area they want to go into in the
future....so for example, DMD. [drug development module] someone might be like fully
set on community and wouldn’t want to do industry at all so that DMD is irrelevant for

them”
(iii)  Benefits of work experience

This theme was identified across the groups with students having a clear appreciation of
how beneficial experiential learning is and discussing the desire for further placements to be
embedded on the programme. (It should be noted that these focus groups were held prior to
the implementation of the 2021 educational standards (GPhC, 2021) with extended

placements).

1E “we need to take initiative to work in a pharmacy.... | was a little bit surprised that
we only have one or two days this year because they could put in like so much

more.”

2D “I do think it would be helpful to spend a longer time on placement in order to gain
a stronger understanding between how pharmacists use science in their practice.
How they operate and to be more hands on, rather than just shadowing a

pharmacist”.

2F “we’re not applying our knowledge to practice as we're there for such a short

amount of time. So longer time on placement would be beneficial”

Students had a wide range of work experiences and reflected on it as a benefit at multiple

points during the focus groups.
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2B “Working in a hospital pharmacy already, [helps me] put the theoretical knowledge

into practice a lot easier...”

2D “[Work] experience definitely exposes you to different ways of thinking and helps

you to retain information better”

3A “l think for sure [work experience] helps cause | am more familiar with...drug
names.... working helps me at uni and uni helps me with work. Before | was working,

| didn’t really see how these things would apply [in practice].”

Time actively spent in a workplace setting helped students to consolidate their learning and

embed their understanding.
(iv)  Creation of links within teaching and learning

The expectation around integrated learning and teaching varied within focus groups with
some students expecting staff to specifically highlight links whereas others took

responsibility for this and the higher order thinking it requires.

1D — “l think that they should make it clear the connections between the topics and if
its relevant to make connections”.

1C - “I'd rather it be in topics because otherwise you’d have to make the link yourself
between modules and some people might not be able to do that and lose out”

2A “Creating links is so important and is something | didn’t realise the importance of
in first year of the degree as there wasn’t much of it.... | find it difficult to make links
between chemistry and practice”

3B “...it becomes your job to try to link everything yourself like oh that makes sense
with this and that could be used in this and then in real life, this is how you would go
about approaching it...”

3C- “I think it was really in second year you were able to make the link to 1t year
[learning]

Students across the focus groups repeatedly showed a deep awareness of the importance

of integration, often giving direct examples.

1C- we learnt about gout. Um, it was about how the salt forms ...and it produces
crystals and ...how to treat the gout.

1A “we’re learning about isotopes and how effective that is in a drug formulation and

how it can affect the body.

2C “[Integration is] very important. Otherwise, how would you understand what is
happening to the patient in practice if you are not knowledgeable about the science
behind the drugs you are giving out. You could potentially give the wrong drug, dose,
interactions — which could potentially be fatal.”
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3D [integration] is important cause as you said earlier, in real life when you’ve got
out, you’re not looking at different aspects of your course...its holistic... so it is
important to put it together eventually.

3D “we have done a lot about diabetes in this semester, so you can see the clinical
relevance to what we have been doing and the pharmacology of it, the
pharmacodynamics and everything basically for the patient especially counselling the
patient”.

How teaching should be structured to embed integration was not fully agreed upon but the

value of using case studies as a way of linking topics was unanimously agreed with.

1C “I think case studies are really important for application. | think without the case
studies | would struggle to put it...into practice”

2 A “l think it would really be beneficial to learn in this way — particularly in disease
states. It would help acknowledge the link between science and practice. Particularly
with regards to how drugs are absorbed in the body”.

2B “| think the case-study really breaks it down in a logical way, the questions
integrate science and practice, explaining your rationale helps you enhance your
understanding”.
There were no themes identified that were specific to gender or age but it is acknowledged
that the majority of participants were female and in the 18 to 21 years bracket, defined as

‘young’ in line with HESA definitions for university students. (HESA, 2019) .
6.3.3 Reflections on the differences between focus groups

Due to the variety of sizes of the focus groups and the comparatively small numbers, it was
felt the individual focus groups were not large enough and did not generate enough data to
compare results between the year groups. Themes were identified across the year groups
rather than in individual years, but the direction of the discussions was noted to be slightly
different in the different year groups. For example, as year group 2 had students with a lot of

varied work experience, students’ discussions did focus on this.

First year students were adjusting to the university setting and seemed to be struggling with
adapting habitual study approaches to this new environment, so appeared less confident
explaining how they would study at university. This year group were however confident in
giving examples of integration from their recent teaching experiences. In contrast, the later
year groups reflected that their ability to create links between science and practice came
later in their educational experience. The later years appeared more definite in their specific
chosen career path as they may have had more opportunity to experience different sectors
of pharmacy by that point. This seemed to affect their perception of relevance in the
curriculum but there was no clear consensus within this theme, possibly due to the range of

sectors chosen for future careers.
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6.4 Explanation of results

This study sought to explore students’ expectations on the delivery and structure of the
MPharm programme as well as delve into their perceptions and experience on integrating
their learning. This deeper insight into their understanding of the integrative nature of the

curriculum will help inform the development of effective teaching strategies.

The identified themes are first discussed in section 6.4.1 then the research questions will be

addressed in section 6.4.2.

6.4.1 Discussion of themes

This research sought to establish a better understanding of students’ perceptions towards
integration and their lived experience of teaching on their degree programme. This section
will discuss the identified themes in turn and then conclude with addressing the study’s

specific research questions.

Although there were no themes identified solely within one year group, there were nuances

that merit acknowledgement and are discussed in section 6.4.3.

The relevant features identified within the four themes will be discussed in turn.
(i) Learning approaches

Quotes relating to this theme can be found in section 6.3.2

Students discussed their approaches to learning and some highlighted that these
approaches had changed following the move to university. Considering the wider research,
a systematic review of students’ expectations of teaching and learning at university
(Tomlinson et al., 2023) found that although some students had a realistic understanding,
many perceptions did not fully align with accurate teaching practices at university. Lowe &
Cook, (2003) highlight that self-directed study is expected at university level whereas
secondary school education remains more guided by teachers with a strong focus on the
final qualification and therefore the examinations. Their survey of first year undergraduate
students at the University of Ulster found that some were unprepared for the more

independent study expected at university and took time to adapt.

Although many students discussed the importance of understanding when revising, some
clearly adapted a strategic approach depending on the type of assessment, admitting they
assumed a multiple-choice question test would require less time to prepare (when compared
to a test requiring application of knowledge). It did suggest they were assuming MCQs only
needed basic recall to pass as opposed to deeper understanding. A longitudinal study of

university students studying science found they adopted similar strategies in response to
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assessment expectations (Zeegers, 2001). How students learn is not an embedded
personality trait, it is influenced by teaching and assessment (Entwistle, 2023). Designing
assessments which requires demonstration of understanding rather than rote learning

encourages a deeper learning approach (Entwistle, 2000).

A lack of time has also been identified as a significant factor when a student adapts to a
surface and possibly less time-consuming learning approach (Biggs, 1987). With the
increase of university fees and costs, there are an increasing number of students who take
on paid work in addition to their full-time studies (HEPI, 2023). This has led to concerns that
more students may automatically choose a surface learning approach due to time pressure.
However, time commitments outside of university studies were not specifically explored in
the focus groups so it is not possible to say if this was a contributing factor to their learning

approaches in this study.

It was noted that students may not be aware of the important differences between deep and
surface learning or other pedagogical concepts. Although students alluded to concepts like
curriculum overload and a spiral curriculum, they did not know the specific words or
terminology and on occasion seemed frustrated when trying to explain the issue.
Explanation behind curriculum design and basic pedagogy each year in induction may be
beneficial for students’ overarching understanding of the programme. D’Souza & Broeseker,
(2022) reviewed first year pharmacy students at their US university using an inventory
questionnaire and found there were some inconsistent study habits. Research completed at
a UK university investigated study habits across the first three years of the MPharm
programme (Fergus, 2022). The author found that some students still focused on less
effective study strategies, like passively re-reading notes as they have not learned about
evidence-based strategies like active revision such as retrieval practice. It advised

specifically teaching students about study strategies to promote deeper understanding.

When discussing additional reading, students often talked about not having enough time for
this. Despite academics recommending reading as a common self-directed study activity,
there is increasing evidence that students do not engage with this activity. Das et al., (2026)
surveyed second and third year pharmacy students at their US university and found that a
large majority did not rely on reading for extra studying. However, it is also noted that
passive reading without self-testing is not considered an effective study strategy (Fergus,
2022).

Students often stated that they watched videos instead of reading. Didactic videos can be
an ineffective learning tool with students likely to disengage and lose focus (Szpunar et al.,

2013) as well as being an ineffective strategy to learn and understand (Fergus, 2022).
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However, videos with opportunities to actively learn and problem solve have been shown to
lead to learning gains and better metacognitive engagement than completion of background
reading (Pulukuri & Abrams, 2021). Using this type of video resource should be considered
instead of additional reading if students are more likely to engage with it and can promote

metacognitive learning.
(i) Relevance to practice

In a similar way to students in the earlier part of phase two, these students regularly
discussed the perceived relevance of topics in the curriculum. Opinions differed as to what
was relevant. It seemed it may be due to their lived experience, so not just their experience
in learning on the MPharm programme but also their work experience as well as their own

career aspirations.

A previous study on students’ perspectives of chemistry within a UK pharmacy programme
found they were enhanced when teaching materials and formative support were improved
(Smith et al., 2017). In both this study and Prescott et al., (2014), students did sometimes
appreciate why chemistry was relevant in terms of drugs and their mode of action, perhaps
highlighting the need to focus on meaningful contextualisation when teaching chemistry to
pharmacy students to emphasise relevance. Although chemistry is essential for pharmacy
as a scientific foundation, students do seem to struggle to appreciate its relevance.
Ensuring the teaching is appropriately contextualised to clinical problems helps students see
why it is relevant (Fergus & Kostrzewski, 2011). Faruk Khan et al., (2011) also highlights
the pivotal role medicinal chemistry has, providing the foundational knowledge for concepts
such as drug to target interactions and structure activity relationships. Again, these authors
remind us that teaching in a way that clearly connects chemical principles to pharmacy

practice helps ensure that students recognise this relevance.

A perceived lack of relevance from participants in turn appeared to suggest a lack of
engagement with learning of that topic, which was unsurprising as this was seen in previous
studies exploring student perceptions on pharmacy programmes (Jesson et al., 2006;
Prescott et al., 2014; Smith et al., 2017). However, relevance seemed subjective in these
focus groups and there was no consensus on which topics they all felt were ‘relevant’.
Students often referred to their own career plans when reflecting what they felt was relevant.
They may connect more when they feel it involves development of skills that are clearly
linked to their future chosen employment. Evidence suggests that the financial impact of
higher education study and a more challenging job market when compared to the previous
generation may make students more self-aware of their future employability (Qenani et al.,
2014).
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(iii)  Benefits of experiential learning

This positive theme recurred throughout the dataset in all three years. Students were
specifically asked about working in a pharmacy setting. Some students had regular paid
employment or summer placements and some mentioned university organised placements,
the term ‘work experience’ in this chapter is used to incorporate them all. From the analysis
of the focus groups, it is evident that students perceived working in a pharmacy setting
helped their understanding and confidence as well as consolidated their learning. This
perception may not correlate to improved performance though. Greene et al., (2010)
reviewed students’ results from a specific first year drug assessment at a US university and
compared with their work experience prior to starting the programme. Although the lowest
marks were associated with students who had little or no experience, the amount of work
experience did not correlate with success. Mar et al., (2010) also looked at previous work
experience at one US university and found that it did not have an overall impact on student
performance however, it acknowledged that there were many other factors influencing
attainment. The desire for more placements within the programme was a source of
discussion in each focus group with queries around how many days each academic year
had, as well as the range of settings that may be used. It is noted that there is a difference
between structured planned experiential learning which is aligned to a programme of study
and other types of pharmacy related work. This study took place before the implementation
of the 2021 educational standards (GPhC, 2021) so students only had a very small amount
of university allocated placement (approximately 4 weeks in total of observational
placements across the four years of study). As a consequence, there were no further

exploratory questions specifically on placement and experiential experiences.

Students valued the interaction they had with patients in practice, and they felt there were
not sufficient opportunities to go on placement within their programme. They appreciated
the opportunities to apply knowledge and skills during work experience. Learning in the
workplace setting (both real or simulated) is an excellent example of ‘learning by doing’ and
has been found to consolidate learning and build confidence and professionalism (Hope et
al., 2021). Students often provided examples showing their application of knowledge when
discussing interactions with patients in the focus group. Being able to translate complex
information into a language that patients would engage with and understand was highly
valued by the participants. Kerr et al., (2021) researched published literature on how
communication skills can be developed and improved in pharmacy students and found
repeated practice, feedback and reflection are effective strategies which can be achieved in

the practice setting.
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(iv)  Creation of links

All focus groups appeared to understand and acknowledge the importance of a solid
foundation in basic science and chemistry concepts within a pharmacy degree. Students
were able to give examples of their experiences of integration, either specifically through
teaching sessions or examples from practice settings where their previously acquired
knowledge had been applied in practice. Integrative thinking was shown by these
participants, but it was clearly more prominent when it was encouraged and scaffolded by
educators directly teaching and signposting. This observation was also made in a study of
51 students which explored their perspectives of their integrated curriculum at a UK
university (Mawdsley & Willis, 2019).

There were some negative comments from the participants about fully integrated
assessments, which students felt were more challenging. Integrated assessments require
application of knowledge (Mawdsley & Willis, 2019) and higher order thinking skills like
synthesis of information, combining information from multiple disciplines and formulating an
answer (Krathwohl, 2002) . From a student’s point of view, this is likely to feel challenging.
This suggests that the curriculum design intention is not fully aligned to the students’
experiences, and a different level of integration and application has been required in the
assessments when compared to teaching. Clearer alignment between teaching activities and
assessment tasks will help support students further in this area (Biggs, 1996). Application of
knowledge in an assessment is an appropriate way to prepare students for their future
career (Gulikers et al., 2004). This authentic assessment approach requiring the application
of knowledge helps to ensure that students achieve learning with understanding and can

continue to improve with feedback and reflection on their efforts (Wiggins, 1993).

There was no consensus from the participants about how they thought they should be taught
on the MPharm, however this is unsurprising given their lack of pedagogical knowledge.
Students liked the range of different topics and could not envision how the contents could be
taught in a different structure to the current modules. Students complimented the
programme on being organised but that may suggest it is not truly integrated with a
‘complementary’ programme approach rather than a multi or trans disciplinary approach
(Harden, 2000). The higher steps on Harden’s integration ladder may, on the surface, look
less ordered because all material is truly fused together with themes as the focus of learning

rather than subjects or disciplines.

Using an integrated approach is clearly not sufficient. Kerr et al., (2020) highlighted that
there was no consistent description of integration, so its meaning is interpreted in multiple

ways by different institutions. Although an integrated approach is widely respected as
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desirable and a requirement of many pharmacy regulators, consistent positive outcomes are

yet to be proven.

Hubball & Burt, (2007) discussed the programme level outcomes they developed and
implemented on their pharmacy programme in Canada. This allowed them to focus on the
development of skills including problem-solving and higher order thinking skills, needed for
graduates to be ready for clinical tasks. Students reported feeling better prepared for post-

graduation roles.

Sun et al., (2023) argues that programmes are often not designed with ‘truly curricular
integration’ but rather ‘sequenced integration’. With ever-increasing content needed, for
example new drug classes and corresponding pharmacology and increased inter
professional education requirements, these authors called for a more evidence-based model

of integration with outcomes which is properly evaluated.

6.4.2 Discussion of the data analysis in relation to the research questions
This study aimed to specifically answer the following research questions:

i) Do MPharm students understand how to think and study ‘integratively’
within the context of the MPharm course at UH?

ii) What are undergraduate MPharm students’ perceptions towards
integration within the MPharm degree?

iii) Would using a case-based approach to teaching encourage MPharm

students to think ‘integratively’ within their degree?

The results from the focus groups show that although some students do understand
integrative thinking, they are not consistently able to do this. This understanding also varied

from year to year.

In terms of perceptions of integration, they had differing opinions of how integrated the
programme was. This may suggest that the level of integration in each year is inconsistent.
Students in the later years thought integration may be too challenging in first year, but the
first-year focus group participants were able to discuss examples of their contextualised and

integrated learning.

The students seemed to appreciate the concept of a more case-based approach but all that

can be gained from this research is their initial enthusiasm and nothing more.

Interestingly, their work experience tended to remind them of the importance of science, for

example if a patient case they saw needed science as an explanation, then they believed
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science was therefore important for underpinning their pharmacy practice. Students did not
mention that this understanding of the importance of underpinning of science came from
academic staff. There needs to be some reflection from academics about whether this

message is clearly communicated to students.

6.4.3 Reflective account of the researcher
Prior to this focus groups, | was interested what the results would be, and | was
very interested to see how students would explain integration and how they felt it
fitted into their programme. | did have some pre-conceived ideas on what

answers they may provide and how the year groups may differ.

On reflection, at the point of this research, most of my interactions with students
was in the final year of the Master of Pharmacy, as year lead and module lead of
a large module. By fourth year, students seem to value the importance of
integrated nature of the degree, and | had not appreciated this was a realisation

that progressed slowly and steadily through the programme.

| was surprised with how confident the first year students were with giving
integrated examples and how some of the older year groups thought that may be
too complex for first year students. This led me to consider their full
understanding of this concept and whether they had consciously or explicitly

experienced integrative teaching early on in their degree.

| was expecting students to discuss what they felt was less relevant, but | was
surprised at the inconsistency of their answers even within year groups. It was
interesting to see how their experiences in practice shaped their viewpoint. It
truly highlights that each experience is individual and supports the philosophy of

constructivism.

| was pleasantly surprised at some of their examples from practice where they
explained they needed their science underpinning to help solve a clinical

problem.

| also reflected on the collaborative work with student researchers. In general,
using this methodology was a rewarding and beneficial experience to both the
students and staff members involved. Some discussions within the research
group led to valuable insights and improved the richness of the data collected. It
was felt that this honesty and depth would not have been directly achieved if only

an academic had planned and facilitated the focus groups.
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6.4.4 Limitations

There are several limitations with this study, the most important to highlight is the small
sample size (n=15) and the use of only one School of Pharmacy. However, the detailed
discussions within the focus groups allowed the researcher to capture a range of
perspectives and identify relevant themes. The concepts of maintaining research rigour

were adhered to as discussed in section 3.16 and section 6.2.8.

Because of the participatory research methodology used with students running the focus
groups, there was potentially a missed opportunity to explain the design of an integrated
curriculum in more detail to the participants by an experienced academic. However, this
may have not been a suitable time. It would be more appropriate to use this as an approach
to the cohort as a whole and embed it into induction teaching. This study also aimed to
allow students to share how they experience the curriculum, which may not align with the
intended design planned by academics. Capturing this individual lived experience (rather

than explaining the intended experience), was pivotal to the study.

There is evidence regarding many factors that may affect engagement with academic study
like financial and social factors (Tan, 2024), time available to study and caring
responsibilities (Xue et al., 2023). This demographic data was not captured so any effects

relating to these differences in this study could not be meaningfully explored.

The researcher reflected on the use of focus groups rather than one to one interviews. It
was felt that individual voices were still heard and acknowledged through the thematic

analysis, so the researcher was satisfied with the use of this research tool.

The size of the focus groups was smaller than hoped due to the number of volunteers.
However, it is noted that Morgan, (2016) argued similar data was obtained when he

compared interactions in a dyadic interviews and focus groups.

6.4.5 Summary of phase two
From the analysis, it is apparent that the current curriculum does not fully embed the

independent skills of thinking and studying integratively consistently for all students from
year one. Although students were able to understand the concept of integration, many still
need to develop higher order thinking skills and take a more active approach with integrating
their learning across disciplines. These findings support previous literature which suggest
solely having an integrated curriculum does not necessarily lead to development of these
higher order skills (Nazar et al., 2019; Mawdsley et al., 2019).

From these students’ perspectives, experience within the pharmacy workplace setting

appears to be supporting them to become more integrative thinkers, with ‘benefits of work
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experience’ identified as a common theme. However, previous studies have not found a
substantive link between work experience and attainment (Mer et al., 2010; Greene et al.,
2010) although they did not explicitly look at integration. Karimi et al., (2010) designed an
innovative approach to science integration and placements which was well received. This
area merits further research as the expansion of placements in the MPharm 2021 standards

could potentially help to further improve these problem solving skills (GPhC, 2021).

The pharmacy programme is a time intensive and challenging programme. Students
admitted to adapting their learning approach depending on the specific assessment they
were preparing for, with ‘learning approaches’ an identified theme in this study. This
strategic approach to learning when under time pressure is well documented (Entwistle &
Ramsden, 2015). To encourage deeper learning, previous literature has suggested
assessments should be designed in a more truly integrated fashion to allow them to

demonstrate their integrative higher order thinking (Mawdsley & Willis, 2019).

6.4.6 Data triangulation with findings from phase one and phase two

Together with part one of this phase in chapter 5, this chapter’s findings contribute to
answering one of the overarching thesis questions: “What are MPharm students’ attitudes
towards the relevance of chemistry within the MPharm degree as well their motivation and

most effective ways to learn and understand chemistry?”.

A student theme in part one was ‘focus on understanding’, with students showing a clear
appreciation for the need to understand chemistry. ‘Learning approaches’ was identified as
a theme in part two. Students explained their strategic approach to learning, where they
would tend to rote learn when they felt this would be enough to pass the test. They did also
emphasise their engagement with deeper learning when they have assessments which
require them to demonstrate understanding. These deeper discussions and meaningful
conversations within the focus groups have helped to deepen the interpretations of this
phase’s data analysis. Despite advocating their strategic approach, students still
demonstrated an appreciation for understanding complex chemistry concepts. Students
discussed their mechanisms for understanding new material i.e. using videos to help their

review of lecture notes as well as the use of case studies to help with application.

Students from both phases did explore the importance of relevance and future careers and it
was a recurring theme for both datasets. However, there were no consistent topics or areas
identified in terms of relevance. Students were interested in a range of pharmacy sectors,

and this seemed to influence the ideas on what was relevant.

167



6.4.7 Informing the final phase of the study

The findings from both phase one and two also contribute to the planning of the final phase
of the thesis. Combining these findings from both quantitative and qualitative data analysis
helps to provide a deeper understanding of the research questions (Tashakkori et al., 2021).
It also helps to strengthen the credibility of the overall research (Bazeley, 2018). Any
divergence between findings has been explored and supports richer interpretations of the

data analysis (Cresswell & Plano Clark, 2018).

Like many students on intensive degree programmes, these pharmacy students use a
strategic approach to progress through their degree (Dunn et al., 2003; Fergus, 2023). It can
be hypothesised that students took a strategic approach to the midterm test in phase one,
using recall multiple choice questions rather than questions which require understanding and
complexity. This could potentially explain high engagement with the PeerWise tool without a
corresponding high result in the summative midterm test. However, to be fully confident in
this hypothesis, further analysis on types of PeerWise questions written would need to be
carried out (like Galloway & Burns, (2015); Fergus et al., (2023)).

Students demonstrated an interest in learning with understanding but appear to need
additional scaffolding to support this. The data from phase one suggests that there is no one
specific demographic influencing learning so targeted support should be directed towards
whole cohorts. These students appear consistently career focused. With this in mind, using
a patient centred approach for case study teaching may be beneficial as the patient is likely

to be a main starting point whichever career path the students choose.

The findings from this study suggest that students would benefit from a more directly
scaffolded approach to integration with the links being highlighted at the beginning of the
programme more clearly. Students were very positive regarding the use of case studies in
teaching. A case-based approach with fully integrated cases and a multidisciplinary
approach to preparation would be beneficial and support students in developing the
necessary integrative skills (Schmidt et al., 2011). This approach will be investigated further
in the next chapter. There is evidence that critical thinking skills can be developed (Persky
et al., 2019) using active learning like case studies and these skills are a critical attribute

needed for pharmacists.
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Chapter 7 — Development, delivery and evaluation of integrated case-based
workshops

7.1 Introduction

This chapter presents phase three of this research; the development and delivery of a
teaching intervention tool to support pharmacy students’ learning. As well as discussing and
justifying the teaching design, this chapter also presents the data analysis from the

evaluation questionnaire completed by students after the final teaching session.

Previous published literature has demonstrated the use and evaluation of integrated
chemistry teaching interventions within pharmacy undergraduate programmes (e.g. Alsharif,
2007; Fergus et al., 2019; Roche, 2009). This was discussed and critiqued in chapters 2.4.3
and 2.5.3. These often prioritised the specific chemistry elements prior to focusing on the
application to the patient, with the teaching developed by the chemistry academic staff as
opposed to a multi-disciplinary team. They also often focused on narrowly defined topic
areas within chemistry, rather than addressing the broader range of foundational sciences
which all underpin the clinical pharmacy practice knowledge. This intervention intends to be
distinct from previous published literature and the rationale for each element of this approach

will be explained and justified.

7.1.1 Presentation of the research questions

Following analysis and consideration of the previous phases, a teaching intervention was
designed to help support students’ development of integrative thinking and their
understanding of curriculum integration. This intervention draws on previous published

findings but offers a different approach so provides a new contribution to the literature.
The research questions are:

o Does the use of science concept driven teaching have an impact on a 1st year
MPharm student’s ability to recognise the importance of chemistry to clinical
pharmacy practice?’

e Does the use of science concept driven teaching have an impact on a 1st year
MPharm student’s ability to create links between and apply their knowledge across

the programme?

7.1.2 The importance of conceptual understanding

Understanding concepts rather than solely memorising facts within chemistry and pharmacy
is important to ensure students are suitably prepared for practice. This learning can then be
applied to a variety of situations in a workplace setting, where a diverse range of complex

cases may be seen.
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Ensuring the underpinning chemistry is understood rather than rote learned is important for
pharmacy students to support them in developing their reasoning and decision-making skills.
Holme et al., (2015) investigated and defined key characteristics for conceptual
understanding in the context of general chemistry, but these principles can be related to
pharmacy due to its need for underpinning chemistry. Following a survey involving 1,519
chemistry academics, the authors used the consensus found to define important skills that
are demonstrated by students who have gained conceptual understanding. These included
the ability to transfer their knowledge to a novel situation and translate it, so that they could
apply it in different circumstances. They would also be expected to demonstrate a depth of
reasoning which goes beyond basic recall and hence be able to problem solve and predict

what may happen in a given setting or situation.

Cheung et al., (2019) discussed the importance of both knowledge and skills when planning
teaching in healthcare education. In addition to teaching how something should be done,
i.e. providing an explanation of ‘how’, it is also important to develop an understanding of
‘why’, meaning the underlying concept is also explained. This conceptual understanding
allows the student to transfer this knowledge and apply it to new and different situations.
This supports the development of clinical reasoning which can be used to justify clinical
decisions. Angelo et al., (2022) also argues that core concept knowledge and understanding
should be prioritised above basic factual content in pharmacy education for several reasons.
Due to the increasing scope of pharmacy with new classes of drugs and therefore new
pharmacology, solely factual content is no longer possible due to this extensive content. If
teaching also focuses on essential concepts rather than just key facts, it will encourage

learning with understanding rather than rote learning.

In addition to conceptual understanding, there are important theories to consider when
structuring teaching in healthcare education. Building on the work of both Vygotsky
(Vygotsky, 1978) and Dewey (Dewey, 1938) who highlighted the importance of social
interaction in building new knowledge and understanding, Lave & Wenger, (1991) proposed
“situated learning theory”. These authors emphasise that when learning, the context (i.e. the
situation or area where students learn) and action taken whilst learning is also influential.
Although this theory is more directly related to placement and experiential learning, it is
useful to consider within the classroom workshop setting. O’Brien & Battista, (2020)
conducted a review looking at the use of this theory within educational research in
healthcare professional programmes. They found that it was beneficial for understanding
how students learn and interact with each other in authentic situations. Consideration of this
theory encouraged academics to think beyond building knowledge in individuals when

learning but also to reflect on the learning in relation to social interaction as well as the
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context and setting. This is relevant when considering how students may interact when

working together in a workshop.

7.1.3 The foundational science clinical gap
This issue is highlighted in the educational context of multiple healthcare professions

including pharmacy. This gap refers to the timing of students’ scientific knowledge
acquisition and their subsequent ability to apply this knowledge in clinical practice. There
are multiple reasons why this gap exists in pharmacy education. Traditionally, the separate
disciplines have been taught in siloes, with the pharmaceutical sciences teams and
pharmacy practice teams teaching separately (Sun et al., 2023). Whilst clinical teaching has
increased following changes to pharmacists’ roles and subsequent educational regulatory
changes, the importance of the underpinning science was not always considered and
included (Waterfield, 2010). The development of clinical reasoning skills tends to be
organised by pharmacy practice teams and focuses on clinical, legal and ethical knowledge
and skills (Cooper et al., 2008; Wright et al., 2019) as opposed to underpinning science.
However, several researchers have sought to integrate this teaching by specifically tailoring
it to include chemistry when students are developing these skills. Krol & Albon, (2025)
argues that with their detailed knowledge of medicinal chemistry, pharmacists have a unique
place within the healthcare setting. Integrating their knowledge from medicinal chemistry

with their clinical skills to solve clinical problems can be seen as a key competency.

It is also important to note that critical thinking skills are fundamental to develop in relation to
clinical reasoning skills and these can be taught within science teaching. Choo et al., (2022)
used a problem-based learning approach in their pharmaceutical chemistry workshops to
develop critical thinking. Students reported that they were able to apply concepts to solve
new unseen problems following this teaching. This principle can be built on when

developing clinical reasoning skills.

The overarching structure of pharmacy training in the UK with a 4 plus 1 model (Guile &
Ahamed, 2011) has meant the separation of theory and practice, with a four-year university
degree programme followed by one year in practice to allow application of knowledge (RPS,
2019). This structure assumed that students would easily transfer their knowledge to
practice but this has been questioned with some students reporting that they could not see
the connection between their university learning and the work setting (Guile & Ahamed,
2011). Within busy healthcare settings in the UK, there may be limited time for detailed
teaching so the ‘how’ to do something can be taught but perhaps there is not sufficient time

to revisit previous theory and explain the ‘why’.
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With the updated standards for initial education and training (GPhC, 2011, 2021), the move
away from an indicative syllabus to meeting specific outcomes helped education providers
focus more on developing the skills for the future workforce. To assess in line with these
standards, assessments need to show that students achieved "ability-based outcomes"
rather than only specific knowledge. This approach encourages the use of an integrated
curriculum, although from previous research, it is acknowledged that it is not enough to
provide assurance that all students can routinely think integratively (Mawdsley & Willis,
2019).

Waterfield, (2011) highlights the importance of ensuring an experiential learning curriculum is
well designed and there is clear integration in the undergraduate degree. With the most
recent changes to the standards for initial education and training (GPhC, 2021), the
foundation year education providers are being accredited so there should be a much more

integrated approach to experiential learning and the degree programme.

The historic curriculum design of medical degrees also highlights the challenge of linking
their scientific learning to application in practice settings. Watmough et al., (2009)
interviewed 46 graduates from two cohorts who studied on the University of Liverpool
medical degree programme. They stated that although their programme gave them a solid
grounding in science to help understand disease physiology, it was not integrated enough
with practice, so they did not feel it directly prepared them for clinical work. They would have
appreciated greater integration of the theory with clinical practice. Thoughtful integration of
underpinning science taught with clear intent within a healthcare education programme has
the potential to narrow this science practice gap. Schmidt & Rikers, (2007) highlight the
need to teach science in a clinical context to help ensure the knowledge is ‘encapsulated’ so
students may automatically use this science knowledge when trying to solve a clinical

problem.

Santana et al., (2025) considered the foundational science teaching in their medical degree
in the US and how to improve students’ connections to the clinical setting. Following a
questionnaire to first-year medical students, they were able to identify which areas they
found most difficult to connect their science knowledge to its clinical application. They have
planned patient focused teaching in this area to help improve understanding where students

struggled to bridge the gap with subsequent evaluation of the impact planned.

A patient centred approach to linking foundational sciences and clinical application will be

used in the teaching intervention presented in this chapter.
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7.1.4 Effective teaching approaches for integrated learning
Like other healthcare professions, integrative thinking is central to practice and therefore

needs to be considered within pharmacy education. It draws together information from the
different disciplines to help ensure that high quality holistic patient care is delivered (Rosch,
1998). An overarching integrative curriculum approach within the pharmacy degree can
support students in applying their knowledge across the different disciplines (Husband et al.,
2014). However, Mawdsley & Willis, (2019) found that students tended to be more able to
think in this manner when the teaching was designed to clearly demonstrate integration
between disciplines. With this in mind, teaching needs to make the integration explicit. A
teaching approach which actively encourages integrative learning is needed to improve the

students’ ability to routinely do this.

There are a range of active learning strategies that have been discussed in the literature and
implemented across a number of pharmacy programmes to help improve integrative
learning. Ofstad & Brunner, (2013) discusses the use of team-based learning within
pharmacy education. They found this strategy encourages learners to actively participate
and develop critical thinking, with published literature discussing the use of this approach
across a range of healthcare programmes. Tweddell et al., (2016) implemented this
approach across the MPharm programme at the University of Bradford. They found that it
led to better participation within the classroom, with students taking greater accountability for
their learning. They did note that although academics found it rewarding, it was initially a
challenge to adapt to a different way of teaching. This approach is popular across other
pharmacy programmes, with Silberman et al.,(2021) also finding it improved students’ critical

thinking skills in their US School of Pharmacy.

Tsekhmister, (2023) investigated the benefits of case based approaches when compared to
traditional teaching in both pharmacy and medical education. The evaluations conducted
varied across the studies reviewed but overall students’ higher order thinking and analytical

skills were shown to improve with this approach.

Learning with understanding goes beyond knowing facts and requires students to be able to
solve issues in novel scenarios. Problem-based learning is well established in healthcare
education which can allow students to apply their learning to solve issues in a scenario
which encompasses multiple disciplines. Yew & Goh, (2016) provide an overview of this
teaching strategy and explain that this approach can lead to longer term retention of
knowledge, with some studies appraised showing the ability to apply and integrate

knowledge was well developed in students participating in this approach.
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Another type of approach known as POGIL is thought to be an effective active learning
strategy. The abbreviation POGIL stands for process orientated guided inquiry learning. This
method of teaching encourages students to work as a team and supports the development
of critical thinking and problem-solving skills (Simonson, 2023). This approach is considered

in the methods section for use in this teaching intervention.

In addition to being taught in an integrated manner with multi discipline scenarios, students
also benefit from reflecting on their own learning experiences. Tsingos et al., (2014) explains

that reflection can support development of critical thinking and problem-solving skills.

Integrative learning will be a new skill to learn at university which is not likely to have been
practised in school or college. There is evidence that students should be supported in
multiple ways during their transition from secondary education to university to successfully
progress through their degrees including learning how to learn (Briggs et al., 2012). In
addition to the specific design of any case study or scenario, consideration needs to be
given on how students will be supported during this teaching. Wingate, (2007) argues that
students need to be specifically taught how to learn in the higher education setting when
they join in first year and rather than providing separate study skills teaching, this teaching

can be embedded into their subject specific teaching.

This teaching intervention will combine several approaches which support active learning
and will also aim to provide contextualisation for several chemistry concepts with suitable

scaffolding to support them in their learning to think integratively.

7.2 Methods
From the research findings in previous chapters, it is acknowledged that integration should
be explained and embedded from the start of the programme, so this teaching intervention

was designed to be implemented in year one of the MPharm programme.

7.2.1 Student involvement
Three fourth year pharmacy students were involved in the initial planning of the case studies.

Although they did attempt to draft the case studies themselves, they found the higher order
thinking skills needed to appropriately integrate and create new material challenging, so the
final case studies were written by the PhD researcher. The students were also involved in

designing and reviewing the evaluation questionnaire.

7.2.2 The teaching intervention design and delivery

A workshop approach, centred around patient case studies was chosen as opposed to a
didactic lecture structure to encourage application of knowledge to develop students’ critical
thinking skills (Tsekhmister, 2023).
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Discussion within the student research group helped determine the most suitable module to
deliver the teaching. Although all the first year modules aim to integrate material, they are
seen by students as having a specific subject focus. An academic and professional study
skills module is also in first year (hamed Transition to Higher Education) and it was deemed

the most appropriate module for the intentions of this teaching.

The group discussed the types of scenarios to write in terms of conditions and the relevant
drugs associated with them. It was felt that it was important to use commonly used drugs in
the UK (Hitchings et al., 2023) that students would see frequently in practice. The PhD
researcher liaised with the first-year module leads to ensure drug structures and other
concepts included in the cases were in line with the other teaching delivered at level 4 (first
year). The design framework developed and presented by Fergus et al., (2019) was utilised

when designing the case studies.

Clinical reasoning and critical thinking skills were also developed within the case study
scenarios as students were required to choose appropriate drug treatment for the patient at
each stage. Students were also required to justify ‘why’ this decision was made by using the

underpinning science they had learnt (Wall et al., 2022).

Reflecting on the findings of the earlier research in this doctoral study, several features were
also incorporated in the case study design. Explaining clearly what integration was before
working on the case studies was deemed very important (Mawdsley & Willis, 2019). The
cases were intentionally written to ensure they were authentic and relevant to current
pharmacy practice and links to potential future careers were explained. There was
discussion on the importance of learning with understanding rather than rote learning
(Angelo et al., 2022).

In addition to including chemistry concepts, other foundational science topics (like
pharmacology and pharmaceutics) were also included. It is recognised that although
chemistry was the core of this thesis, there is evidence that all the foundational sciences
should be included in teaching and have a place in underpinning clinical knowledge (DiVall
et al., 2020).

In line with recommendations from Kerr et al., (2020), the level of integration and approach
for these workshops are clearly defined. These are horizontally integrated case-based

workshops at a trans-disciplinary level (Harden, 2000).

The style of teaching was considered. There are several examples of the POGIL teaching
method being used in higher education settings. For example Soltis et al., (2015) found a

significant improvement in academic performance with students’ results on questions
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requiring higher order thinking skills improving by 7% points (75.8% to 82.8%) after the
POGIL intervention was used. This POGIL method was reviewed and incorporated in the

structure when designing these workshops.

For the cohorts that were taught during the COVID pandemic with the need for online
teaching; students were taught in smaller groups and Zoom break out rooms were used for

each team with the staff member visiting each room regularly to facilitate learning.

7.2.3 Structure of the teaching sessions
Students attended three case-based workshops which each lasted 2 hours. These

workshops were scheduled throughout the two 12-week semesters as they aimed to align
with the relevant teaching in the corresponding modules so that teaching could be readily

recalled by the students.

Earlier research has shown that it is beneficial for integration to be made explicit for
pharmacy (Mawdsley & Wallis, 2019). Because of this, the whole cohort was introduced to
the terms integration and contextualisation in a lecture prior to the first workshop and it was

again discussed in the introduction to each workshop.

The description of the POGIL method of teaching (Simonson, 2023) was utilised when
designing this case study teaching, to help the students to develop important transferable
skills. Students discussed and explored relevant concepts then applied these concepts to
the scenario, working as part of a team. This helped to develop their critical thinking and
problem-solving skills as well as practising communication skills and team working skills
(Brown, 2010)

Students were allowed to choose their own small groups to work in at the beginning of each
workshop. Expectations were set, with students being given an authentic case to work on.
Students then needed identify the prominent issues and what further data they may need to
suitably treat and care for the patient. The small groups worked together to explore
concepts, then interpret and apply these to the case. At several scaffolded stages in the
workshops, each group shares their findings and clinical reasoning to the whole group
before the next stage of the case was revealed. At the end of each workshop, students was
asked to reflect on what they had learnt and the featured concepts were summarised to help
support knowledge and understanding development. As the facilitator, the researcher
guided discussions and asked probing questions rather than providing answers without
debate.

Students were encouraged to engage with the cases as a pharmacist providing and

justifying advice to their prescribing colleagues. Following the introduction of the 2021
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educational standards (GPhC, 2020), the workshops were adapted with a focus on evidence
based decision making as a future prescriber. It was explained to students that it is

important to be able to explain prescribing decisions with the underpinning science.

Each case aimed to increase in complexity across the series of workshops. The scenarios
and concepts are summarised in table 28. There is also an example lesson plan in appendix
6.

Table 28- Summary of contextualised workshops

Workshop scenario Areas covered

Treatment of headache | The effect of chemical structure on absorption, function and
in community pharmacy | onset of action.
setting The influence of pharmacology on drug effect and side effects

Practice of patient questioning technique and patient

counselling
Chest infection in Appropriate use of antibiotics, challenge of AMR
primary care setting Respiratory infection guidelines

with relevant antibiotic | Penicillin allergy and structurally related allergies

prescribing Drug structure in relation to action, interactions and warnings
Review of asthma Importance of formulation
inhaler medication The influence on pharmacology and disease physiology

Inhaler use, chemical structure and onset of action

The importance of reflection on learning and practice

There were several factors which helped support the engagement of the students. The case
studies were specifically written as common, clinically relevant topics. The scenarios also
allowed students to link them directly to their future careers. These have been two recurring
themes identified through the qualitative data analysis in this thesis. The workshops were
planned to ensure they were interactive, with all students being required to participate.
Learning with peers to actively learn and understand material has been discussed as an
effective way of achieving meaningful learning (Bryce & Blown, 2024; Kozulin, 2003). The
summative assessment linked to the workshops was also highlighted at beginning of the
workshops as students tend to adapt their learning approach in relation to the corresponding

assessment (Biggs & Tang, 2011).

Each workshop was run three to four times to ensure there were small numbers of students.
This was to encourage engagement and interaction, as phase two had identified a lack of

confidence in asking questions in larger group settings.
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The intended learning outcomes for students to achieve by the series of workshops were:

¢ Integrate knowledge of science and practice when supporting patient care

e Appreciate the relevance of science to pharmacy practice

¢ Understand the relevance of functional groups in relation to drug absorption, onset of
action and side effects

e Provide a scientific rationale to explain and justify when making medication

recommendations

An aim of this overarching thesis was to produce pharmacy students who can apply their
scientific knowledge to problem solve clinical cases. These workshops and their intended
aims allowed the students to practise these skills with significant scaffolding in place, They
also had the opportunity to independently keep developing these sKills, creating links

between their science and practice learning in the rest of the programme

7.2.4 Discussion and justification of evaluation methods chosen

How to evaluate this teaching intervention was carefully considered. Analysing the module’s
summative test was seriously considered as a possible measure. However, this was
rejected for multiple reasons. The test covered all aspects of the module, with these
workshops compromising of only a small proportion of them. This would make the analysis
of the whole test less meaningful for this specific intervention. In addition, although
supporting the students to apply knowledge in this series of workshops, some of the
teaching material had already been taught. A measure of achievement could have been
linked to other teaching, so it would not have been possible to objectively say it was linked
solely to this intervention. Finally, an additional summative test following the series of
workshops was considered. However, there is a clear assessment strategy across the
programme which is carefully planned in a chronological landscape to avoid bunching and
overload. Adding in an additional assessment would have disrupted the organisation of the
year’s assessments. It may have caused overload and encouraged surface as opposed to

deep learning approaches (Biggs & Tang, 2011).

Consideration was given to the specific research questions this evaluation sought to
measure. Achievement in a test would not have provided any information on the students’
individual experiences, specifically their thoughts on the importance of underpinning science

or their ability to automatically create links in their multi-disciplinary studies.

The process of learning and students’ individual perceptions around chemistry within their
pharmacy degree is a major element of this thesis. Questions which clearly linked to the

research questions were used in the evaluation tool. In addition, they were asked to reflect

178



on any learning gains they felt they had. Learning gains can be linked to a student’s
increase in confidence, understanding (Evans et al., 2018) as well as indication of their level
of motivation. Reflecting on learning is a valuable exercise and can encourage
metacognition (Tanner, 2012). Students can be more aware of their learning, their progress

and actively identify weaker areas (Livingston, 2003).

It is acknowledged that there are several limitations to the chosen evaluation. Measurement
of perceived learning gains cannot be considered a substitute for academic attainment
evaluation. Students may incorrectly estimate their learning ability and gains (Kruger &
Dunning, 1999). There is no consistent evidence that their perceptions correlate correctly

with their knowledge levels.

7.2.5 Selection of the research instrument

The type of research instrument to gather students’ feedback was considered. To gather
data from as large a sample as possible in each cohort, questionnaires were used. This
would achieve a larger sample response, when compared to interviews and would allow a
larger number of questions to be asked. Questionnaires were also considered suitable
because there were standardised straightforward questions to be answered (Cohen et al.,
2018) which would be suitable for statistical analysis to help describe and scrutinise the

results.

7.2.6 Question development and justification

The questionnaire aimed to gain an understanding of students’ learning gains rather than
their perceptions and enjoyment on the teaching. Previous research has shown that what
students perceive as interesting and effective as a study technique may not actually

positively impact learning gain (Fergus, 2022).

Although previous research suggests that an integrated curriculum should encourage
students to think integratively (Husband et al., 2014, Mawdsley et al., 2019), it was deemed
beneficial to understand directly from students how they felt about the development of this
skill and which types of teaching would encourage this further. The questions used in the

final questionnaire are listed in table 29.

Ethical approval was sought for the study; this was granted by the University of Hertfordshire
ethics board with protocol number LMS/PGR/UH/04581.
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Table 29-Summary of the questions in the workshop evaluation questionnaire

Demographic questions - data, gender and age

Learning gains questions- answer options using 5-point Likert scale (Very good improvement,
good improvement, moderate improvement, a little improvement, no improvement)

-What improvement do you think that you have made in your understanding of each of the
following:

-Correctly identifying functional groups

-The role of functional groups in relation to drug absorption

-The relevance of drug absorption in relation to patient counselling

-The role of functional groups in relation to drug side effects

-The role of functional groups in relation to the speed of drug action

What improvement did you make in the following skills:

-Connecting the concepts discussed at the workshops with other knowledge learnt on the
MPharm

-Applying what you have learned in other teaching sessions on the MPharm

Creating links- thinking integratively questions - Answer options were a 5-point Likert scale
(Strongly agree, agree, unsure, disagree, strongly disagree)

| have used some of the knowledge gained from these workshops in other teaching sessions on
the MPharm programme.

| have used some of the skills gained from the workshops in other teaching sessions on the
MPharm programme.

I now automatically create links between the modules that you have been taught and consider in
a patient context

My attitude regarding the relevance towards science and chemistry and patients has changed
following these workshops

Future approaches to help with integrative thinking - Answer options were a 5-point Likert
scale (A lot, some, a little, not at all, unsure)

Regarding the following, what would further encourage you to create links between the science
and practice teaching on the MPharm programme?

-Co -teaching sessions with science and practice lecturers

-Case based workshops with relevant science and practice information

-Assessments which require you to use both science and practice learning

Free text questions

Are there any barriers that prevent you from creating the links between science and practice
teaching?

Is there anything else you would like to add about your learning from these workshops?

Five-point Likert scale questions was used to gather the feedback. This allowed students to
give a range of responses rather than being restricted to a definitive agreement or
disagreement. Likert is also a well-recognised and commonly understood scale (Cohen et
al., 2018) which facilitates meaningful feedback from those completing the questionnaires. It
is acknowledged that this data will be ordinal rather than interval data so should be analysed

appropriately (Jamieson, 2004) in respect of the data type. Although the Likert scale
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provides more nuanced data, it does not allow students to provide further comments on their
thoughts towards this type of learning and integrative thinking. Because of this, several free
text questions were also included to give participants the opportunity to provide richer written

responses on this topic area if they wished to.

7.3 Results from evaluation questionnaire

As part of a longitudinal study, three cohorts of first-year pharmacy students were invited to
provide feedback on the case-based intervention over three consecutive years. A total of 70
responses were received across all three cohorts. Three of these responses were removed
during the cleaning of the data due to significant unanswered questions in their individual

dataset so the total number of analysed responses was 67.

Table 30- Participant number and response rate for post workshop questionnaire

Cohort Number of Workshop Percentage
responses attendees response rate

1-2021 24 88 27%

2-2022 15 75 20%

3-2023 28 91 31%

To provide a more accurate representation of the data, students who attended the
workshops rather than the cohort as a whole have been used to calculate the percentage
response rate. This is because the university data at that time included students that were
dormant or planning on withdrawing from the programme. It is noted that the programme did
have an enforceable 100% attendance policy (although some students who do not attend or

attend infrequently struggle to pass the summative assessments).

7.3.1 Section A - Demographic data

B Males HEFemales

3 8 20

Figure 13-Self identified gender for participants in each cohort
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Figure 13 shows the numbers of students who participated in the questionnaire from each
cohort. In comparison to overall cohorts over last five years, females have represented 70 to

80% of the cohort, with males representing 20 to 30%.

m18to20yrs m>21yrs

Figure 14- Self identified age range upon commencing studies for participants in each cohort

In terms of the overall cohorts over last five years and using the HESA definitions for age of
students (HESA, 2019), young students have represented 80 to 85% of the cohort, with
mature representing 15 to 20%.

Answers to the questions in the next sections of the questionnaire are first displayed in bar
charts. Options with zero responses do not have a bar within the chart but these data are

subsequently clearly shown in the summary tables at the end of each section.

7.3.2 Section B — Student perceptions of their individual learning gains
The 5 point Likert scale answers to questions 3a to 3e are presented below

Question 3a What improvement do you think that you have made in your understanding of
correctly identifying functional groups?

VERY GOOD IMPROVEMENT
11 5 | 9 |
GOOD IMPROVEMENT 11 5 9 =201
MODERATE IMPROVEMENT 4 5 5
m 2022
A LITTLE IMPROVEMENT
m 2023

NO IMPROVEMENT

-
N

-

-

UNSURE

Figure 15- Question 3a answer summary for all cohorts
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Question 3b - What improvement do you think that you have made in your understanding of
the role of functional groups in relation to drug absorption?

VERY GOOD IMPROVEMENT

GOOD IMPROVEMENT

MODERATE IMPROVEMENT

A LITTLE IMPROVEMENT

NO IMPROVEMENT

3 1 4
9 4 7 m 2021
6 3 7 m 2022
4 [ 10 m 2023

Figure 16- Question 3b answer summary for all cohorts

Question 3¢ - What improvement do you think that you have made in your understanding of
the relevance of drug absorption in relation to patient counselling?

VERY GOOD IMPROVEMENT
GOOD IMPROVEMENT
MODERATE IMPROVEMENT
A LITTLE IMPROVEMENT
NO IMPROVEMENT
UNSURE

5 3 4
= = = m 2021
5 4 7
m 2022
5 1 7
m 2023
111
4 |

Figure 17- Question 3c answer summary for all cohorts

Question 3d What improvement do you think that you have made in your understanding of
the role of functional groups in relation to drug side effects?

VERY GOOD IMPROVEMENT
GOOD IMPROVEMENT
MODERATE IMPROVEMENT
A LITTLE IMPROVEMENT
NO IMPROVEMENT
UNSURE

7 2 7
= - = m 2021
m 2022
m 2023
11 1

Figure 18-Question 3d answer summary for all cohorts
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Question 3e What improvement do you think that you have made in your understanding of
the role of functional groups in relation to the speed of drug action?

NO IMPROVEMENT
UNSURE

VERY GOOD IMPROVEMENT
GOOD IMPROVEMENT | T
g g 2 m 2021
MODERATE IMPROVEMENT
m 2022
A LITTLE IMPROVEMENT
m 2023

Figure 19- Question 3e answer summary for all cohorts
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Table 31 - A summary of the data for question 3 across the cohorts

Question Answer options 2021 2022 2023
No. of No. of No. of
students students students
answering/No. | answering/No. | answering/No.
of students in | of students in | of students in
cohort (%) cohort (%) cohort (%)
Question 3
Very Good
3.a. Correctly identifying Improvement 4/24 (16.7) 2/15 (13.3) 6/28 (21.4)
functional groups Good Improvement 11/24 (45.8) 5/15 (33.3) 9/28 (32.1)
Moderate Improvement 4/24 (16.7) 5/15 (33.3) 6/28 (21.4)
A Litte Improvement 4/24 (16.7) 2/15 (13.3) 4/28 (14.3)
No Improvement 1/24 (4.2) 1/15 (6.7) 1/28 (3.6)
Unsure 0 (0) 0 (0) 2/28 (7.1)
3.b. The role of functional Very Good
groups Improvement 3/24 (12.5) 1/15 (6.7) 4/28 (14.3)
in relation to drug absorption Good Improvement 9/24 (37.5) 4/15 (26.7) 7/28 (25.0)
Moderate Improvement  6/24 (25.0) 3/15 (20.0) 7/28 (25.0)
A Litte Improvement 4/24 (16.7) 5/15 (33.3) 10/28 (35.7)
No Improvement 2/24 (8.3) 2/15 (13.3) 0 (0)
Unsure 0(0) 0 (0) 0 (0)
Very Good
3.c. The relevance of Improvement 5/24 (20.8) 3/15 (20.0) 4/28 (14.3)
drug absorption in relation to Good Improvement 8/24 (33.3) 6/15 (40.0) 5/28 (17.9)
patient counselling Moderate Improvement  5/24 (20.8) 4/15 (26.7) 7/28 (25.0)
A Litte Improvement 5/24 (20.8) 1/15 (6.7) 7/28 (25.0)
No Improvement 1/24 (4.2) 1/15 (6.7) 1/28 (3.6)
Unsure 0(0) 0 (0) 4/28 (14.3)
3.d. The role of functional Very Good
groups Improvement 3/24 (12.5) 2/15(13.3) 3/28 (10.7)
in relation to Good Improvement 7124 (29.2) 2/15 (13.3) 7/28 (25.0)
drug side effects Moderate Improvement  3/24 (12.5) 6/15 (40.0) 5/28 (17.9)
A Litte Improvement 5/24 (20.8) 4/15 (26.7) 8/28 (28.6)
No Improvement 1/24 (4.2) 1/15 (6.7) 1/28 (3.6)
Unsure 5/24 (20.8) 0 (0) 4/28 (14.3)
3.e. the role of functional Very Good
groups Improvement 5/24 (20.8) 3/15 (20.0) 5/28 (17.9)
in relation to Good Improvement 8/24 (33.3) 3/15 (20.0) 9/28 (32.1)
the speed of drug action Moderate Improvement 4/24 (16.7) 7/15 (46.7) 4/28 (14.3)
A Litte Improvement 5/24 (20.8) 1/15 (6.7) 7/28 (25.0)
No Improvement 0 (0) 1/15 (6.7) 2/28 (7.1)
Unsure 2/24 (8.3) 0 (0) 1/28 (3.6)

185



7.3.3 Section C - integrative thinking
The 5-point Likert scale answers to questions 4 to 8 are presented below

Question 4- What improvement do you think that you have made in your understanding of
connecting the concepts discussed at the workshops with other knowledge learnt on the
MPharm?

VERY GOOD IMPROVEMENT 5 5 4
GOOD IMPROVEMENT 9 6 11 = 2021
MODERATE IMPROVEMENT 4 3 9 m 2022
A LITTLE IMPROVEMENT 5 1 4 m 2023
UNSURE

Figure 20- Question 4 answer summary for all cohorts

Question 5- What improvement do you think that you have made in your understanding of
applying what you have learned in other teaching sessions on the MPharm?

VERY GOOD IMPROVEMENT [JJE 5 6
GOOD IMPROVEMENT i 5 11 m 2021
MODERATE IMPROVEMENT B g 5 m 2022
A LITTLE IMPROVEMENT 4 2 6 m 2023
UNSURE

Figure 21- Question 5 answer summary for all cohorts

Question 6- | have used some of the knowledge gained from these workshops in other
teaching sessions on the MPharm programme

STRONGLY AGREE RIS

AGREE 18 e} 21 m 2021
H 2022
UNSURE B ERY W 2023

DISAGREE

=

Figure 22- Question 6 answer summary for all cohorts

186



Question 7 | have used some of the skills gained from the workshops in other teaching
sessions on the MPharm programme

STRONGLY AGREE 3 4 1

m 2021
AGREE 16 11 22

m 2022

DISAGREE

Figure 23- Question 7 answer summary for all cohorts

Question 8 | now automatically create links between the modules that you have been taught
and consider in a patient context

STRONGLY AGREE

AGREE 15 9 17 m 2021
NAgSVIIN 4 2 4 m 2022
DISAGREE m 2023

STRONGLY DISAGREE

Figure 24- Question 8 answer summary for all cohorts
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Table 32- A summary of the data for questions 4 to 8 across the cohorts

Question Answer options 2021 2022 2023
No. of students No. of students No. of students
answering/No. of answering/No. of answering/No. of
students in cohort | students in cohort | students in cohort
(%) (%) (%)
Question 4 Very Good Improvement  5/24 (20.8) 5/15 (33.3) 4/28 (14.3)
Good Improvement 9/24 (37.5) 6/15 (40.0) 11/28 (39.3)
Moderate Improvement 4/24 (16.7) 3/15 (20.0) 9/28 (32.1)
A Litte Improvement 5/24 (20.8) 1/15 (6.7) 4/28 (14.3)
No Improvement 0(0) 0(0) 0 (0)
Unsure 1/24 (4.2) 0(0) 0 (0)
Question 5 Very Good Improvement  3/24 (12.5 5/15 (33.3) 6/28 (21.4)
Good Improvement 12/24 (50.0) 5/15 (33.3) 11/28 (39.3)
Moderate Improvement 3/24 (12.5) 3/15 (20.0) 5/28 (17.9)
A Litte Improvement 4/24 (16.7) 2/15 (13.3) 6/28 (21.4)
No Improvement 0(0) 0(0) 0 (0)
Unsure 2/24 (8.3) 0(0) 0 (0)
Question 6 Strongly Agree 3/24 (12.5) 4/15 (26.7) 2/28 (7.1)
Agree 18/24 (75.0) 9/15 (60.0) 21/28 (75.0)
Unsure 3/24 (12.5) 2/15 (13.3) 4/28 (14,3)
Disagree 0(0) 0(0) 1/28 (3.6)
Strongly Disagree 0 (0) 0 (0) 0 (0)
Question 7 Strongly Agree 3/24 (12.5) 4/15 (26.7) 1/28 (3.6)
Agree 16/24 (66.7) 11/15 (73.3) 22/28 (78.6)
Unsure 5/24 (20.8) 0(0) 3/28 (10.7)
Disagree 0(0) 0(0) 2/28 (7.1)
Strongly Disagree 0 (0) 0 (0) 0 (0)
Question 8 Strongly Agree 2/24 (8.3) 3/15 (20.0) 3/28 (10.7)
Agree 15/24 (62.5) 9/15 (60.0) 17/28 (60.7)
Unsure 4/24 (16.7) 2/13 (13.3) 4/28 (14.3)
Disagree 3/24 (12.5) 0(0) 4/28 (14.3)
Strongly Disagree 0 (0) 1/15 (6.7) 0 (0)

Future approaches for developing integrative thinking questions

The 5-point Likert scale answers to questions 9 to 11 and 14 are presented below

Regarding the following, what would further encourage you to create links between the

science and practice teaching on the MPharm programme?
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Question 9 ... more case based workshops with relevant science and practice information?

A LOT 11 9 10
SOME 10 4 10 m 2021
m 2022
A LITTLE [EEET m 2023
Figure 25- Question 9 answer summary for all cohorts
Question 10 ...co -teaching sessions with science and practice lecturers?
A LOT
SOME 12 5 12 m 2021
ALITTLE m 2022
NOT SURE 2 1 5 m 2023

NOT AT ALL

Figure 26 - Question 10 answer summary for all cohorts

Question 11 ...assessments which require you to use both science and practice learning?

A LOT 7 8 14
SOME 10 6! ) w2021
m 2022

Figure 27- Question 11 answer summary for all cohorts

Question 14 My attitude regarding the relevance towards science and chemistry and patients
has changed following these workshops

STRONGLY AGREE SN 2 5

AGREE 16 ) 19 w2021
m 2022
NOT SURE 4 3 4 m 2023

DISAGREE

Figure 28- Question 14 answer summary for all cohorts
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Table 33- A summary of the data for questions 9- 11 and 14 across the cohorts

Question Answer options 2021 2022 2023
No. of students No. of students No. of students
answering/No. of answering/No. of answering/No. of
students in cohort students in cohort students in cohort
(%) (%) (%)
Question 9 A lot 11/24 (45.8) 9/15 (60.0) 10/28 (35.7)
Some 10/24 (41.7) 4/15 (26.7) 10/28 (35.7)
A little 3/24 (12.5) 1/15 (6.7) 4/28 (14.3)
Not sure 0 (0) 1/15 (6.7) 4/28 (14.3)
None at all 0 (0) 0 (0) 0 (0)
Question 10 A lot 7/24 (29.2) 8/15 (53.3) 5/28 (17.9)
Some 12/24 (50.0) 5/15 (33.3) 12/28 (42.9)
A little 3/24 (12.5) 1/15 (6.7) 5/28 (17.9)
Not sure 2/24 (8.3) 1/15 (6.7) 5/28 (17.9)
None at all 0 (0) 0 (0) 1/28 (3.6)
Question 11 A lot 7/24 (29.2) 8/15 (53.3) 14/28 (50.0)
Some 10/24 (41.7) 6/15 (40.0) 9/28 (32.1)
A little 3/24 (12.5) 1/15 (6.7) 2/28 (7.1)
Not sure 4/24 (16.7) 0 (0) 3/28 (10.7)
Not at all 0 (0) 0 (0) 0(0)
Question 14 Strongly Agree 3/24 (12.5) 2/15(13.3) 5/28 (17.9)
Agree 16/24 (66.7) 9/15 (60.0) 19/28 (67.9)
Unsure 4/24 (16.7) 3/15 (20.0) 4/28 (14.3)
Disagree 1/24 (4.2) 1/15 (6.7) 0 (0)
Strongly Disagree 0 (0) 0 (0) 0 (0)
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7.3.4 Qualitative comments from questions 12, 13 and 15

Table 34- Questionnaire comments on students' thoughts on the workshops

Cohort

Free text comments from questions 12 and 15

2021

“lwas able to link content in these workshops to other modules”

“l can apply my knowledge in identifying interactions, how drugs work at different sites and how they are designed to fit its purpose”

“l would like more Practice sessions to link both science and practical knowledge”

“l would have preferred to have a session face to face and have social interaction with others instead of breakout rooms”

“[The workshops] help creating the links between the science and the reality of medicine. | personally view each module individually and struggle
creating links.”

“They were great, | wish there were more so we could cover more topics and cover more links between modules.”

2022

“Very interactive and helpful sessions which help breakdown lectures and help us better understand some topics”

“My learning has definitely improved with the sessions and being able to go back and watch the recorded workshops in order to fully understand what it
is we went through”

“More practical scenarios and real-life situations in a pharmacy setting which we can apply our knowledge to [would be helpful]”

2023

“Love your sessions they are very interesting and extremely informative! Thank you so much for being so clear in the way you articulate information, it
really helps me understand on the spot rather than rethinking about this athome”

“I like the drugs we discus in the workshop, it helps in the other module when we talk about diseases and symptoms. From there | can relate the drug
with the diseases and helps in revising”

“Ilearn a lot in workshops in terms of how the drug works and the how we should educate the patient” “Its good it is [taught] in smaller groups”

Table 35- Questionnaire comments on barriers to integrative learning

Cohort | Free text comments from questions 13

2021 “Not being in the lecture hall can be seen as a barrier because we cannot approach them directly and using email can be ineffective
for asking some questions”
“It would be nice if other modules could refer to other modules when relevant links come up in the actual lectures.”

2022 “l don’t particularly enjoy organic chemistry”

2023 “Some content taught in workshops such as The Patient module consist of lots of complex information not learnt in the lectures. This
can be confusing.”
“Itis a lot of information”
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7. 4 Explanation of results

7.4.1 Discussion of finalised teaching intervention

The final design of the workshops aimed to encourage students to think in an integrative
manner rather than thinking in modular silos through an integrated case-based design.
Working in groups, they aimed to facilitate student engagement and understanding across all
the modules. These integrated workshops were structured differently to those already
published in the literature. They were designed to be very much patient focused, written and
facilitated by a registered pharmacist but with input from chemistry and pharmaceutics
academic staff. The tasks were designed for students to answer as though they were
already practising pharmacists. Each workshop started with the patient at the core of the
discussion and concepts were discussed in terms of the impact they would have on the
patient. Explanations and justification were always linked to the patient. It was also tailored
to one university’s specific MPharm curriculum and cohort (i.e. the University of
Hertfordshire), with clear links to corresponding teaching on other modules which were
referred to by module and specific lecturer by name. This gave the students confidence that
the curriculum was intentionally planned with effective co-ordination and integrated topics.
The distinction was also clearly made when relevant co-ordinating teaching had already

been delivered, and for any content that would be addressed further in future teaching.

There was a focus on practising communication too with the importance of how students
could use their underpinning science in their explanation to the patient. The importance of
explaining ‘why?’ was emphasised. Although relating to nursing rather than pharmacy, there
is evidence that patients have more confidence in their healthcare practitioners when they
can explain their treatment technically (Abdel Magsood et al., 2012). A qualitative study
involving qualified nurses (Montayre et al., 2021) also found the nurses felt more confident in
themselves when they understood underpinning science knowledge and its relevance, using

it in their explanations to patients.

There is a considerable amount of published literature examining how science should be
taught and incorporated into a range of healthcare degrees. For example, Bandiera et al.,
(2013) considered the place of science with the medical curriculum. They concluded that
although science needs to be introduced early in the degree, it needs to be appropriately
linked to clinical knowledge and its role in supporting clinical reasoning should be
emphasised. They advised using appropriate and effective teaching strategies (like case
based and problem-based learning) and advocated for intentional repeated integration,
utilising the principles of the spiral curriculum (Harden, 1999). Although there has been

research into integration and how this may be modelled successfully in pharmacy
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programmes (Husband et al., 2014; Kerr, 2000), there is less literature regarding specific
chemistry and science content. Topics within chemistry related to drug structure and activity
are clearly relevant to pharmacy. Contextualising chemistry highlights the importance and
relevance of science which has been found to have a positive impact on students’
experience (Fergus et al., 2019). Using contextualised cases allows the emphasis of the
application of science in clinical practice and structuring the teaching of chemistry in this way
can also allow students to practise these skills (Fergus & Kostrzewski, 2011). The
understanding of medicinal chemistry allows students to develop an understanding of drug
action which can be utilised when making clinical decisions for patient care (Wall et al.,
2022). Although there are currently no published chemistry concepts for pharmacy, several
articles were reviewed when planning the workshops and considering the concepts to
include (for example Alsharif et al., 1999; Faruk Khan et al., 2011; Trippier, 2018). Itis
hoped that future work will create a consensus for core chemistry concepts for pharmacy,
like this concept list for nursing students which highlighted topics most relevant to clinical

practice (Brown et al., 2012).

7.4.2 Discussion of the questionnaire data analysis in relation to research questions
Two research questions were investigated as part of this study and analysis of the student

questionnaire helped to ascertain the answers. The first research question was:

o Does the use of science concept driven teaching have an impact on a 1st year
MPharm student’s ability to recognise the importance of chemistry to clinical

pharmacy practice?’

The results from the questionnaire across all three cohorts surveyed demonstrate that this
teaching did encourage students to realise the importance of the chemistry that underpins

their practice knowledge.

Rather than asking about their enjoyment and engagement with the teaching which has
been done with previous case study evaluations, the questions in section B asked students
to reflect on their own skills development and improvement using a Likert scale. The
majority of students found their understanding of the relevance of functional groups and drug
absorption had increased. Question 3d which asked about the connection between
functional groups and side effects showed the lowest level of improvement, but the majority
of the students still felt they had improved in this area with 82% across the three cohorts
stating they had at least a little improvement. Students were invited to explain their answers
to these questions or give examples but very few students did this. It is therefore not

possible to objectively state what improvements they had in understanding, but it is
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important to note that from their own reflections, understanding of side effects and drug

absorption was rated the lowest out this set of questions.

Question 14 asked the students to reflect on their attitude with 81% of students (across all
cohorts) agreeing or strongly agreeing that their attitude towards the relevance of chemistry
had changed since the teaching sessions. Previous research on chemistry teaching
approaches has also shown improved perception of relevance when the links between
chemistry and clinical practice are explicitly demonstrated (Roche et al., 2004). Appreciating
the relevance of a subject has been shown to be a key factor in motivating students (Kember
et al., 2008) although it is acknowledged that solely increasing motivation does not equate to

increased attainment.

Two free text questions gave the students the opportunity to provide any further relevant
thoughts on the teaching. Although there were few free text comments written by
participants, these were all reviewed and analysed with the comments being overwhelmingly
positive. The students stated that they found the teaching beneficial and it improved their
understanding. These case studies were often examining material and concepts these
students had already been taught and allowed them to apply it to a clinical situation. This
can be considered self-testing or retrieval practice which can support longer retention of
study material as well as consolidating learning and improving understanding (Roediger &
Butler, 2011).

The second research question was:

¢ Does the use of science concept driven teaching have an impact on a 1st year
MPharm students’ ability to create links between and apply their knowledge across

the programme?

Section C of the questionnaire asked participants about the development of their integrative
thinking skills. Although students did feel the skills had improved, their responses do not
suggest that they can confidently create links independently throughout teaching without
sufficient scaffolding. With questions 4 to 7, the majority of students did positively reflect on
improvements. Participants felt they had improved in terms of applying some of the
knowledge and understanding developed from the workshops across their other modules as

well as connecting concepts across other modules.

However, question 8 asked if they now automatically create links between modules.
Students were less confident with this statement, with 73% agreeing or strongly agreeing
with this statement and 12% disagreeing or strongly disagreeing (across the cohorts). (15%

of participants were still unsure on their ability to do this). This question has a lower
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percentage of participants agreeing or strongly agreeing with the statement compared to

earlier questions in this section.

The students were also asked to consider which other teaching and learning strategies
would be helpful. They were positive about all three options given, which were more
specifically integrated teaching in the style of case studies, co-teaching and integrated
assessments. The perceived usefulness of more case-based teaching was also mentioned
in the free text comments. It is noted that requesting more scaffolded teaching to highlight
integration could suggest that students struggle with the concept of independently creating
links between science and practice teaching. There may not be an appreciation that the skill
of application is meant to be performed independently once mastered. However, it is noted
that these students are only in the first year of the programme so this awareness may
develop later in the course. This does though, support the case for specifically teaching
students about cognitive theories and how knowledge and skills are developed and

assessed throughout the degree.

The free text questions were reviewed in relation to this research question. Question 13
gave students the opportunity to highlight any barriers they perceived in relation to thinking
integratively. There were few responses, but it was noted that the 2023 cohort comments
seem to indicate an issue with cognitive overload in individual sessions on other modules.
Acknowledging the limits on the working memory (Cowan, 2012) when teaching is pivotal
and should be considered when designing teaching sessions including the complexity of
tasks and new material (Kirschner, 2002). Whilst the importance of students taking
responsibility for their own learning was acknowledged with this teaching intervention, the
tutor still provided scaffolding and guided support to successfully develop their critical
thinking skills (Greening, 1998). This acknowledged they were in their first year of study and

aimed to encourage and support them to help prevent cognitive overload.

There was a comment regarding online teaching. In terms of context, the first-year students
during the COVID pandemic did not have a ‘typical’ university experience and the frustration
about the lack of social interaction has been reported elsewhere in the literature (Leal Filho
et al., 2021). One student did say they would be less likely to contact the lecturer online.
However, previous literature suggests that students do not feel confident in asking questions
in lectures (Donovan & Erskine-Shaw, 2020). It is noted that during this part of the data
collection, the COVID-19 pandemic had a significant and sustained impact on how teaching
and assessment were delivered in higher education settings. A delay to data collection was
considered and discussed with supervisors. As it was unclear how long restrictions and

adaptions would be in place as well as what the post COVID-19 educational landscape may
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look like, it was decided that it would be sensible to carry on. How best to teach these case
studies in the COVID-19 era was planned in detail. For one cohort of this data, students
were taught online. This could potentially have an impact on their engagement and
interaction. The way it would be taught was discussed with supervisors who had significant
experience in teaching and adaption during COVID-19 (Fergus et al., 2020). The researcher
also discussed with her first year personal tutees, to informally gain an insight into their lived
experience from being taught online during a pandemic with no other experience in higher
education. The students had found the lack of social interaction which made making new
friends the most frustrating part of first year. They stated breakout rooms during online
teaching did encourage engagement with teaching but did not help them make friends,

which was a continued source of concern for some of them.

7.4.3 Student involvement with the development of the case studies

The rationale for this approach was that student involvement would be valuable but in reality,
they found it difficult to write case studies at the correct level and they also tended to write
questions which were in silos rather than fully integrated. It is acknowledged that this was
perhaps an unrealistic task given their experience. Synthesising new information, like writing
a new case study, is considered a complex higher order cognitive task (Anderson et al.,
2001). In addition to this, integrative thinking without scaffolding is not automatically
achieved by pharmacy students even though they may study an integrated pharmacy
programme (Mawdsley et al., 2019). In addition, the students had not undergone any sort of
teacher training. Academic staff are required to study towards a specific post graduate
teaching qualification if they have a teaching contract, which supports them in learning how
to prepare teaching material. In order to prepare high quality teaching, pedagogical
knowledge is beneficial (Shulman, 1986) as well as subject and concept knowledge, so it is

not unexpected that this was a difficult task for untrained students.

An alternative could have been to use ‘real’ case studies from the literature and adapt these
to integrated inter-disciplinary cases following the approach taken by Fernandes, (2018).
However, that would have also been a complex task to ensure these highlighted appropriate

concepts and were appropriate disease states and drug structures.

Some of the academic staff across the disciplines provided feedback on the written case
studies and they admitted to finding it challenging to review due to their integrated nature. It
needs to be acknowledged that integration can be complex and a sensible approach to
preparing high standard integrated teaching is to work together as a multi-disciplinary team.
There is evidence that qualified practitioners find it difficult to effectively use their

underpinning science. Some qualitative research from qualified nurses identified they found
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it challenging to explain the underpinning science concepts in relation to clinical scenarios to
their students (Clancy et al., 2000). It is noted that if their previous education has not
prepared these academics and practitioners to think integratively, then it will be challenging
for them to teach their own students at university or on placement with the underpinning

science.

7.4.4 Limitations

The questionnaire response rate was disappointing although not wholly unexpected and like
other educational surveys, acknowledges there are a range of reasons for not responding
(Porter & Whitcomb, 2005). As the module spanned two semesters, the teaching was
spread throughout the year. Scheduling the workshops perhaps weekly or fortnightly
followed by a questionnaire may have resulted in a larger collection of data. However, the
scheduling was intentional, with one of the reasons being to allow students to have time to
reflect and create links on their own, which would not have been possible if the teaching had

been scheduled together.

A further limitation is the lack of an objective measure to evaluate the students’ ability to
integrate material. Although the module was assessed as part of the end of module test, the
workshop material formed a very small part of this test, so its analysis was intentionally not
included in the ethics application. There is also other integrated teaching in first year so any
improvement in integrative skills could not be solely attributed to this teaching alone. A type
of chemistry concept inventory test (similar to (Barbera, 2013) could be designed specifically
for pharmacy students to provide a more objective measure. This could form part of the
future work after completion of this doctoral thesis building on research already completed

by the supervisory team (Fergus & Hitch, 2014).

Although the researcher is satisfied that analysis carried out is detailed and self-contained,
there could be further work done. To determine any statistically different outcomes according
to cohort and potentially the impact of COVID-19 on teaching and learning, a statistical test

like the Kruskal- Wallis H test could be used.

7.4.5 Reflective account from the researcher
Working with the student researchers to plan the workshops was very useful to

consider the presentation from a student’s perspective and it was interesting to
see they focused on relevance and future career goals (like the identified theme

in an earlier chapter).

The response rate to the questionnaires was disappointing, but there are
potential reasons for that. Students were given many questionnaires to complete

and it is possible that they had ‘questionnaire fatigue’ (Ghafourifard, 2024). They
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were happy to chat at the end of the sessions to explain how useful they found
them but did not take time to complete the questionnaire at the end of the final
session. On reflection, collecting at the end of each session as well as the final
session may have been helpful but again no guarantee there would have been
an improved response rate. | had also only taught them for those three
workshops in first year so had less time to build up a rapport with them when

compared to leading a module for the whole cohort.

The comments from other staff when reviewing made me realise that writing
integrated cases within one discipline is less effective and we need to use the
strengths across the disciplines more effectively. It should be standard practice
to ask for support, and it will make the cases better and more integrated rather
than feeling as though as an academic you already have all the sufficient

knowledge.

7.4.6 Summary of phase three
This teaching intervention was evaluated by considering the students’ own perceptions of

their learning gains. Their responses highlighted the importance of integrating chemistry and
formulation science in pharmacy practice and its relevance as part of the curriculum. Many
students felt they were now able to think integratively without the direct scaffolding following
the workshop series. This was not consistent across the participants however, and so it is
not yet an instinctive way of thinking and performing tasks despite the short intervention.

The transfer of science knowledge to clinical reasoning is acknowledged as a crucial
element of many healthcare professions education structure (Castillo et al., 2018). Without
contextualised teaching, students do struggle to apply their science knowledge into clinical
contexts (Norman, 2009) and teaching needs to be appropriately adapted to facilitate this

transfer.

The evolution of this teaching interventions explored the students’ own experiences but
cannot demonstrate an objective improvement in application skills. Further research needs
to be carried out to determine whether specific teaching methods are able to categorically

improve these abilities needed for future practice.
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Chapter 8 — Conclusions, reflections, recommendations and future work

8.1 Introduction

This chapter provides a summary of the key findings from this research in relation to the
overarching research questions introduced in chapter one and highlights the contribution to
the existing literature. It reflects on the methods used, the study’s limitations and presents
key recommendations. It also discusses future work that may be carried out following this
PhD study.

This doctoral study explored staff and students’ perceptions of chemistry in the context of the
pharmacy degree as well as analysing possible factors affecting engagement and attainment
in a first-year chemistry module. Finally, it considered what teaching approaches could be
developed to further support and foster pharmacy students’ understanding and application of
chemistry within the pharmacy context. Although chemistry education research is well
established, there has been much less research in the context of non-chemistry degrees
especially pharmacy. This paucity of research, alongside the novel research approaches

utilised in this thesis, results in a meaningful contribution to the literature in this area.

8.2 Summary of the background to this doctoral study

As a profession, pharmacy has a traditional foundation in scientific principles, but its identity
now has an increasingly significant clinical component. There have often been differing
opinions over the years within the profession regarding the emphasis, teaching and
assessment of these elements (Faruk Khan et al., 2011; Smith & Darracott, 2011). Although
historically chemistry has been at the core of pharmacy undergraduate education across the
globe, more recently, it has become more patient focused in its curriculum whilst aiming to
maintain the underpinning fundamental chemistry and science (Skau, 2007). Pharmacy
regulatory bodies across the globe continue to prioritise the importance of science within the
curriculum in their educational standards (ACPE, 2025; CCAPP, 2020; GPhC, 2021). With
the continued clinical expansion of the pharmacist role, there has been a change in
emphasis of pharmacy curricula to include both new clinical content as well as traditional
science elements. Including chemistry in the right context within the degree ensures that its

role and its importance in underpinning clinical knowledge is clearly acknowledged.

Chemistry is a complex and wide-ranging subject which has logical, intricate rules to follow
and multiple concepts, but when understood, will allow the student to problem solve unseen
cases and issues (Johnstone, 1991). When taught in the relevant context, this
understanding can be used to critically evaluate and justify clinical decisions (Wall et al.,
2022). A better understanding of chemistry’s fundamental principles is needed for deeper

learning to develop both problem solving and application skills. Focusing on teaching
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methods which incorporate relevance, contextualisation and active learning may help the

development of these skKills.

8.3 Summary of the research approaches in this study
A mixed methods approach was selected to utilise both qualitative and quantitative data

collection and analysis. This methodology (described in chapter 3) allowed the research
questions to be addressed fully and provided a greater breadth and depth to the study that
may not have been achieved with only one approach (Bazeley, 2018). It recognised the
lived experiences of both staff and students as well as statistically analysing relevant
assessment results are important in elucidating a rich picture which can provide insight into
the nature of how students learn integratively. This mixed methods research allowed more
precise and detailed identification of the issues than in previous research, and these findings
were then used to inform the planning of a teaching intervention (Cresswell & Plano Clark,
2018).

A sequential model was selected as most appropriate and realistic for this study with multiple
phases needed to allow for a full exploration of the research questions as well as a suitable
evaluation process for the impact of a teaching support intervention (Cresswell & Plano
Clark, 2018; Tashakkori et al., 2021).

Having students as partners (Bohnacker-Bruce, 2019) in some of the data collection was
also a key component of this doctoral study. Although this required careful planning and
time management, their involvement was found to be very valuable. Even though the
researcher was a previous pharmacy undergraduate student, it was acknowledged that lived
experience in Higher Education now is very different to the 1990’s, so these students
provided helpful awareness of current issues. They provided thoughtful insights into the
question development of the research tools and their engagement and enthusiasm were
greatly appreciated. On reflection, the students enhanced the richness of the data collection

and the authenticity of the approach.

This study approach has many strengths but there are weaknesses and limitations linked to
each study phase. The strategies for maintaining the quality and rigour of the research as
well as limitations were discussed in Chapter 3 (section 3.16 and section 3.17) and in each
individual results chapter. Reflections on any weakness of the data collection are also

considered here.

Like most research, this doctoral study does have some limitations. This study was
conducted at only one site (University of Hertfordshire) and in its entirety for only one
programme of study (MPharm). Although there was only one programme, studies were

conducted in several year groups and multiple cohorts were involved in the research over
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several years which granted a deeper exploration of perceptions across students registered
on the programme over a longer time period. In addition, the number of universities offering
an accredited pharmacy programme has increased significantly since the 1990s and the
University of Hertfordshire does represent one of these newer universities with a higher level
of support for widening participation students. This is one of the reasons that this represents
a novel contribution to the literature as these universities have been less involved in

education research previously.

Throughout all phases of this study, there were a high ratio of female to male participants,
but this does reflect the gender distribution of the pharmacy programme at the University of
Hertfordshire and is reflective of the gender profile within the profession (GPhC, 2025b) so
was a representative sample of the population being researched. Although a small sample
size when compared to the total pharmacy student population, the results do offer useful
insights in this specific population and can be used to improve the pharmacy education

approach. This can be applicable to this specific university and its curriculum design.

8.4 Summary of findings for each research question
The literature review followed by the research from phase one and two informed phase three

of this study, the design and development of a teaching intervention for students to support
their learning of chemistry with both application and understanding. The findings from all
phases are summarised in relation to each of the overarching doctoral study research

questions and are presented below.

8.4.1 Research Question 1

What influences students’ understanding and application of knowledge of chemistry
within the MPharm degree?

This question was answered via both qualitative and quantitative data collection and

analysis. Several interesting findings and themes were identified from these studies.

Teaching which has a clear relevance and is taught in a pharmacy context were themes
identified in both staff and student interviews. In terms of application and understanding,
students repeatedly highlighted the importance of relevant context in teaching and how this
facilitated learning from their perspective. The pharmacy students felt more interested when
they believed the teaching to be relevant, however, their perceptions on what was relevant
was found to be subjective. Staff also noticed a positive change in their interest when topics
were clearly contextualised and relevant to specific pharmacy sectors. In addition, students
seemed to demonstrate understanding when they discussed seeing a chemistry concept

applied in practice during a range of their own experiences in the workplace. With this
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insight, ensuring the chemistry taught is clearly contextualised to practice examples is likely

to have an impact on understanding of this knowledge.

The importance and impact of prior knowledge was an identified theme within the staff
interviews that were conducted. Although this was not discussed in student interviews, the
statistical analysis from the PeerWise and midterm test also linked to this theme. Students
on the Master of Pharmacy programme performed better on the midterm test as well as
gaining higher scores in the PeerWise tool when compared to students on the Bachelor of
Pharmaceutical Science programmes. (The MPharm programme has higher entry
requirements, so students arguably have a higher level of prior knowledge). The PeerWise
task required students to understand chemistry concepts and apply this knowledge; this
understanding and application was then also required when completing the test so makes

the analysis well aligned to addressing this research question.

There were no single demographic factors identified which demonstrated a marked
difference in contribution to the tasks. Mature females did appear to engage more with the
PeerWise tool, but this did not translate to a higher score in the test. Differences within
some ethnicities were also seen when looking at further subsets of age and gender. Some of
these students were clearly contributing well to the formative task but this contribution did

not translate to a better performance in the summative test.

These distinctions did not reflect national data with reference to differences in degree
outcomes (OfS, 2024). Reflecting on these findings, it needs to be considered whether
some students are being disadvantaged by the type of tests being used when the homework
task suggests they have knowledge and understanding but this is not reflected in their
summative test. One further explanation could be the complexity of questions written and
answered in the PeerWise tool when compared to the midterm test. Previous research has
shown that writing and answering only recall questions was not beneficial in summative
assessments, but writing higher level questions showed a positive correlation in academic

performance (Hudson et al., 2018).

It is also important to consider the impact assessment marks have on students. Harlen &
Deakin Crick, (2002) reviewed the impact of assessment looking at 183 studies (at a school
level rather than university level) and found that low test results lowered self-esteem and re-
enforced low self-image in these students. A lack of understanding of an assessment, rather
than a lack of understanding of the subject matter can have a negative impact on
performance. Rust et al., (2003) conducted an intervention to improve student understanding

of assessment criteria. This project found that the intervention improved the students’
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understanding of the assessment process and its corresponding criteria which resulted in an

improved assessment performance.

The theme of learning approaches is also important in answering this research question.
Students discussed the importance of understanding, which was also an identified theme,
however students explained that they adapted their learning approach depending on the
assessment. With the MPharm degree, ensuring chemistry is assessed in a way that
requires application and also actively engaging students with assessment criteria may have
a positive impact on performance and learning. It is important that the teaching and
assessment are clearly aligned so expectations are clear when problem solving skills rather

than basic recall are required to be successful in assessments.

8.4.2 Research question 2
What are MPharm students’ attitudes towards the relevance of chemistry within the
MPharm degree as well their motivation and most effective ways to learn and

understand chemistry?

Students consistently highlighted the importance of relevance in both individual interviews
and in the focus groups. However, students’ specific perceptions of what topics were
relevant were highly individualised and appeared to be influenced by external factors as well
as their degree course and how it was taught. When describing relevance, students often
linked it to their own circumstances and experiences. This variety of perceptions was seen
even within the same year of study and was influenced by their work placements and their
own current future career choices. Students appreciated clear contextualisation within the

curriculum and explicit links to how and why material was relevant.

Students’ motivation was clearly linked to their perceptions of relevance to practice and how
teaching could be beneficial to them in future careers. Although through interactions in the
focus groups, they acknowledged that relevance could be interpreted in different ways,

depending on which pharmacy sector a student wished to work in.

Students talked about changing the way they studied at university compared to secondary
education and described what they thought was effective for them. They did seem to use
retrieval practice less at university, possibly having been used to the abundance of past
papers during preparation for national examinations. The teaching of evidence-based and
effective strategies is important for the development of understanding, so how to study
effectively is now taught in the programme (due to separate research distinct from this

doctoral study).
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The overarching concepts of integration and contextualisation and how a curriculum may be
designed to support developing understanding in this area was explored. Students
continued to highlight relevance as a motivating factor for them as well as any assessment
requirements influencing the depth of their learning approach. The results showed that
students did not fully understand thinking in an integrative manner and indicated they would
benefit from more scaffolding earlier on in the programme (as well as focused assessments

to potentially encourage deep learning approaches).

This research suggests that the structure of the curriculum does not appear to encourage
students to identify relevance themselves. Like previous research, students seem to need
more scaffolding to understand the relevance as well as how to create the links between
disciplines from the beginning of the programme and as a conscious continuous approach
throughout their studies (Bandiera et al., 2018). Assessments should be integrated to allow
students to demonstrate these skills and learn how to continue to develop and improve them
(Mawdsley & Willis, 2019). It is important to acknowledge that not everything can be taught
but conceptual understanding and the development of problem-solving skills and critical

thinking skills is imperative (Angelo et al., 2022).

One way of ensuring relevance is clearly highlighted through a programme can be through
the integrative approach to curriculum design. Whilst integration has been a requirement for
pharmacy degrees in line with educational standards (GPhC, 2011, 2021), there are
numerous perspectives on how it should be carried out effectively (Harden, 2000; Husband
et al., 2014) but there is no nationally accepted definition for best practice (Kerr et al., 2020)
or evidence to show it objectively improves educational outcomes (Nazar et al., 2019).
There is a risk that with the additional pressure of independent prescribing requirements,
integration takes a lower priority on the degree programme. However, it is important that this
is avoided, as integration is a key factor in building critical thinking skills and demonstrating
understanding so prescribers can justify their decisions (Abuzour et al., 2018). Rather than
focusing on the design of integration, developing the integrative thinking skills needs to

remain a priority.

Development of integrative thinking skills was explored further and is discussed when
addressing support strategies in research question 4. However, the potential integrative
nature of chemistry practicals were not explored in that phase, so it warrants further
discussion here following analysis of student interviews and focus groups. It is clear that a
student’s own interpretation of relevance motivates them in their studies. Ensuring the
perspective of relevance is considered when planning chemistry teaching may have an

impact on overall motivation. For example, the skills learned and mastered within a
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laboratory like manual dexterity and record keeping are transferable and relevant in clinical
pharmacy practice. If this is explicitly highlighted to students, arguably they are more likely

to appreciate this important link.

Students specifically highlighted two practicals in the programme that they found effective in
developing their understanding. These were aspirin synthesis (Olmsted, 1998) and pH
absorption practicals (Hickman & Neill, 1997) and students highlighted how this supported
their understanding of important concepts. The design and delivery of practicals within the
MPharm could be reviewed with this in mind. Dube, (2018) designed a set of laboratory
classes which linked concepts to the theme of drug action and drug discovery. The structure
ensured that the relevance was clear and meaningful to her students studying on non- major
degrees, which would be transferable to the MPharm students. Consideration of how to
ensure learning within the laboratory is effective is important with acknowledgement of the
relevant pedagogy. Seery et al., (2024) have reviewed this evidence and presented ten

principles to support learning and assessing in a laboratory environment.

8.4.3 Research question 3
What do University of Hertfordshire staff understand to be the student perceptions

regarding chemistry on the MPharm programme?

Following the literature review, it was clear that there was very little in the current published
literature that addressed academic staff perceptions and none were found specifically on this
topic. Six staff members were interviewed, and several themes were identified from the
discussions. Within the themes identified, four were common to both staff and students

interviews with an additional three identified solely in the staff group.

Staff (and students) recognised the importance of relevance, with pharmacy students’
continuing to emphasise their future careers when compared to their counterparts on non-
vocational programmes. Staff noticed that the perceived relevance of the teaching material

has a significant impact on student engagement in teaching sessions.

Staff also recognised the challenges created by a linear approach in secondary education
due primarily to the pressures of national examinations. Without a spiral curriculum approach
or similar to encourage revisiting of previous material and checking understanding, concept
knowledge was found to be variable within the same cohorts which made teaching large
groups challenging due to the very clear mixed abilities. Academic staff felt that students’
prior knowledge and experience influenced their perceptions and expectations of chemistry

at university.
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The lack of confidence due to fear of being incorrect when in chemistry practical sessions
was a prominent theme in this study which had not been identified in previous comparable
literature. Staff differentiated this from any lack of motivation. Other chemistry academics
have considered how to support students in developing laboratory skills and understanding
in a risk-free environment. Blackburn et al., (2019) used a series of computer simulations
with specific activities to be completed before the face-to-face laboratory practical which
helped to improve confidence and attainment in their student population. The use of these

types of simulations need to be more seriously considered for the MPharm programme.

Staff appeared to be discouraged by their perceptions of student attitudes towards
chemistry. Teaching chemistry on a vocational programme may require a different teaching
approach and understanding of the profession so more emphasis should be placed on
supporting chemistry academic staff when moving from teaching on chemistry major
programmes. Interestingly, teaching approaches were not specifically discussed by
academic staff in the interviews. The development of pedagogical content knowledge will

form part of the final recommendations from this study (Shulman, 1986).

Although not interviewed, academic staff were involved in reviewing and providing written
feedback on some examples of the integrative case studies in phase three of this thesis. It
was clear that some staff were more prone to thinking in silos of chemistry and practice. Itis
important that staff as well as students appreciate the importance of thinking integratively
and work together more frequently to develop and deliver relevant and appropriately

contextualised integrated teaching and assessments.

8.4.4 Research question 4
What strategies can support students’ application of chemistry and integration with

practice learning within the MPharm degree?

Firstly, the qualitative data collection and analysis explored themes which included
discussion of support strategies. Staff felt that engagement and motivation was very much
linked to relevance and students emphasised how important they perceived relevance
alongside how it would support them in future pharmacy practice. Teaching which
specifically uses relevant practice examples may be a helpful support strategy for students

and was investigated further with the teaching intervention.

Although an integrated curriculum approach is a widely acknowledged strategy; it is still
open to interpretation with is no agreed definition (Kerr et al., 2020). Topics can still be
taught in silos at times with students needing to make the connections between science and
practice themselves. This study suggests that some students may struggle to make these

links themselves. There is clearly a need for a more nuanced strategy to support integrative
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learning than solely using a type of integrated curriculum as students did not appear to

automatically create links, they may need to be specifically taught how to integrate.

During focus groups, students supported the concept of further case-based teaching to
support them in developing and improving their integrative thinking skills. A series of patient-
focused case-based workshops were designed with appropriate scaffolding and clear links to

the specific relevant teaching across both science and practice.

Following the implementation of the integrated case-based workshops, a survey gathered
perceptions on how the students felt the teaching had supported their ability to think
integratively. It also asked them to consider what other approaches or strategies may
continue to improve this skill. The students did perceive their ability to create links had
improved and also stated they found the teaching improved their understanding, but they

also would appreciate more scaffolding and support with this development.

The research conducted provided a valuable insight into their perceptions of integrative
thinking although it did not objectively measure if there was any improvement. It is noted that
this research question considered strategies that can support application rather than improve
application. Investigating how to evaluate any objective improvement will form part of the

future work following this doctoral study.

8.5 Recommendations
Based on the findings of all three phases of this study, some key recommendations are
summarised below. These can be implemented at the University of Hertfordshire to support

their pharmacy students’ development of integrative thinking.

The underpinning science and chemistry should be incorporated into clinical teaching to help
ensure that information is understood rather than rote learnt. For example, whilst teaching
about clinical guidelines is imperative, this can be done without any understanding and
requiring students to recall these without any underpinning knowledge as the sole reason
behind clinical decision making is not a rational approach. The chemistry content of the
programme should also be reviewed to ensure it is appropriately contextualised for relevant
sectors of the profession, including industry, acknowledging that the pharmacy degree allows
entry into all sectors of the profession and once qualified, staff do routinely switch between
sectors. As discussed in the response research questions 2 and 3 (section 8.4.2 and 8.4.3),
reviewing how laboratory practicals can support the development of this underpinning
science knowledge and understanding is important. Staff reported a lack in confidence in
practicals, with students noting the type of practicals they most engaged with were those

with a clear pharmacy context.
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Continued contextualised teaching and learning with clearly aligned assessments to test
students’ ability to integrate is a key recommendation. Students were clear that their
learning approaches adapt depending on assessments. To encourage higher order thinking
skills, students need to be taught and assessed in this manner. There is understandably a
new focus on independent prescribing. It can be argued that this science underpinning
provides some level of assurance and safety for potential patients. Students can be taught to
problem solve and justify their prescribing decisions with their understanding of underpinning

science.

It is important to acknowledge that it is not solely integration and contextualisation but the
development of the higher order skills of integrative thinking, with the skills of analysing and
solving new issues being a priority. Students need to be encouraged to think integratively
and not compartmentalise their learning, using it all to solve clinical problems in a holistic
manner. This skill is needed when qualified as a pharmacist. Discipline teams need to work
together to develop patient focused integrated teaching to allow students to develop and

practise these skills.

Direct evaluation of integrative assessments would be beneficial to ascertain if students do
demonstrate understanding of underpinning science in relation to clinical practice. This
evaluation could assess if they are able to use this knowledge to effectively problem solve

and make clinical decisions.

In addition to using an overarching integrative curriculum design, the design of teaching
within the programme should directly consider evidence- based educational theories to help
support and improve learning outcomes (Tweddell & Purvis, 2025). With this in mind, staff
development should focus on both pedagogical approaches as well as learning about new

subject specific initiatives and advances.

8.6 Future work
In terms of future work, further integrated teaching interventions should be developed to

continue to foster integrative thinking through each year of the MPharm in line with the
increasing complexity of teaching in each year of study. This could be evaluated with pre
and post testing to ascertain any impact on attainment. Although students responded
positively to the teaching intervention in this study, their perceived learning gains need to be

investigated further to see if there is any direct evidence of improved understanding.

8.7 Final Conclusion
This research highlights the importance of relevance and context in order to teach chemistry
with understanding and application in the Master of Pharmacy programme. With the

evolving healthcare system including more complex medication and technology and with the
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added responsibility of prescribing, pharmacists have more autonomy that ever before. This
means they need to be confident with their own decision making, and with clear
understanding of the underpinning science, this can help justify their prescribing choices.
The importance of application and relevant context of chemistry for pharmacy students’
needs to be emphasised. This understanding of the fundamental science supporting clinical
practice is their unique selling point and an important contribution to the multidisciplinary
team. This thesis adds to the literature base in this area, but further research is needed. It
is required to establish the most effective teaching and assessment strategies to ensure
pharmacy students can confidently and consistently apply this science knowledge in

practice.

209



9. References
Abdel Magsood, A. S., Oweis, A. ., & Hasna, F. S. (2012). Differences between patients’

expectations and satisfaction with nursing care in a private hospitalin Jordan.
International Journal of Nursing Practice, 18(2), 140-146.
https://doi.org/10.1111/j.1440-172X.2012.02008.x

Abuzour, A. S., Lewis, P. J., & Tully, M. P. (2018). Practice makes perfect: A systematic review of
the expertise development of pharmacist and nurse independent prescribers in the
United Kingdom. Research in Social and Administrative Pharmacy, 14(1), 6-17.
https://doi.org/10.1016/j.sapharm.2017.02.002

ACPE. (2016). ACPE standards 2016. PharmD Program Accreditation — Accreditation Council for
Pharmacy Education. https://www.acpe-accredit.org/pharmd-program-accreditation/

ACPE. (2025). ACPE standards 2025. American Council for Pharmacy Education.
https://www.acpe-accredit.org/pdf/ACPEStandards2025.pdf

Adams, C. (2021). Writing multiple-choice questions to access the higher levels of Bloom’s
taxonomy. New Directions in the Teaching of Physical Sciences, (16), Article 16.
https://doi.org/10.29311/ndtps.v0i16.3852

Agresti, A. (2002). Categorical Data Analysis (2nd ed.). Wiley.

Agresti, A., & Finlay, B. (2009). Statistical Methods for the Social Sciences (4th ed.). Pearson.

Alsharif, N. Z. (2007). Medicinal Chemistry and Therapeutic Relevance of Angiotensin-
Converting Enzyme Inhibitors. American Journal of Pharmaceutical Education, 71(6),
123.

Alsharif, N. Z., Destache, C. J., & Roche, V. F. (1999). Teaching Medicinal Chemistry to Meet
Outcome Objectives for Pharmacy Students. 63, 8.

Alsharif, N. Z., & Faulkner, M. A. (2020). Implementation of the Pharmacists’ Patient Care
Process in a Medicinal Chemistry Course. American Journal of Pharmaceutical

Education, 84(2), 7556. https://doi.org/10.5688/ajpe7556

210



Alsharif, N. Z., & Galt, K. A. (2008). Evaluation of an Instructional Model to Teach Clinically
Relevant Medicinal Chemistry in a Campus and a Distance Pathway. American Journal
of Pharmaceutical Education, 72(2), 31. https://doi.org/10.5688/aj720231

Alsharif, N. Z., Galt, K. A., Mehanna, A., Chapman, R., & Ogunbadeniyi, A. M. (2006).
Instructional Model to Teach Clinically Relevant Medicinal Chemistry. American Journal
of Pharmaceutical Education, 70(4), 91. https://doi.org/10.5688/aj700491

Alsharif, N. Z., & Qi, Y. (2014). A Three-Year Study of the Impact of Instructor Attitude,
Enthusiasm, and Teaching Style on Student Learning in a Medicinal Chemistry Course.
American Journal of Pharmaceutical Education, 78(7).
https://doi.org/10.5688/ajpe787132

Alsharif, N. Z., Roche, V. F., & Qi, Y. (2016). Students’ Perception of Self-Efficacy Following
Medicinal Chemistry Skills Laboratory Exercises. American Journal of Pharmaceutical
Education, 80(5). https://doi.org/10.5688/ajpe80576

Alsharif, N. Z., Theesen, K. A., & Roche, V. F. (1997). Structurally-Based Therapeutic Evaluation:
A therapeutic and practice approach to teaching medicinal chemistry. American Journal
of Pharmaceutical Education, 61(1), 55-60.

Ames, C., & Archer, J. (1988). Achievement goals in the classroom: Students’ learning strategies
and motivation processes. Journal of Educational Psychology, 80(3), 260-267.
https://doi.org/10.1037/0022-0663.80.3.260

Anderson, L., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching, and assessing: A
revision of Bloom’s taxonomy of educational objectives. Pearson.

Angelo, T. A., McLaughlin, J. E., Munday, M. R., & White, P. J. (2022). Defining core conceptual
knowledge: Why pharmacy education needs a new, evidence-based approach.
Currents in Pharmacy Teaching and Learning, 14(8), 929-932.

https://doi.org/10.1016/j.cptl.2022.07.014

211



Aref, H. A. T., Wright, B. M., Davis, B. R., & Fowlin, J. M. (2021). High-level curricular integration
in pharmacy schools: A systematic literature review. Currents in Pharmacy Teaching
and Learning, 13(12), 1724-1734. https://doi.org/10.1016/j.cptl.2021.09.046

Armstrong, P. (2010). Bloom’s Taxonomy. Vanderbilt University Center for Teaching.
https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/

Austin, D., Shivji, A., & Offei, D. (2020). Analysis of a novel enrichment strategy for an integrated
medicinal chemistry and pharmacology course. Currents in Pharmacy Teaching and
Learning, 12(10), 1201-1207. https://doi.org/10.1016/j.cptl.2020.05.016

Ayres, R. L., & Wilson, C. J. (2018). The Undergraduate Research Scholarship Scheme: A co-
created approach to transforming student learning. The Journal of Educational
Innovation, Partnership and Change, 4(1).
https://journals.studentengagement.org.uk/index.php/studentchangeagents/article/vie
w/755

Baddeley, A., Eysenck, M. W., & Anderson, M. C. (2020). Memory (3rd ed.). Routledge.
https://doi.org/10.4324/9780429449642

Bandiera, G., Boucher, A., Neville, A., Kuper, A., & Hodges, B. (2013). Integration and timing of
basic and clinical sciences education. Medical Teacher, 35(5), 381-387.
https://doi.org/10.3109/0142159X.2013.769674

Bandiera, G., Kuper, A., Mylopoulos, M., Whitehead, C., Ruetalo, M., Kulasegaram, K., &
Woods, N. N. (2018). Back from basics: Integration of science and practice in medical
education. Medical Education, 52(1), 78-85. https://doi.org/10.1111/medu.13386

Barbera, J. (2013). A Psychometric Analysis of the Chemical Concepts Inventory. Journal of
Chemical Education, 90(5), 546-553. https://doi.org/10.1021/ed3004353

Barrickman, A., McMillan, A., Galvez-Peralta, M., & Purnell, K. (2023). Development and

Assessment of Integrated Virtual Escape Rooms to Reinforce Cardiology Content and

212



Skills. American Journal of Pharmaceutical Education, 87(3), ajpe8899.
https://doi.org/10.5688/ajpe8899

Basit, T. (2003). Manual or electronic? The role of coding in qualitative data analysis.
Educational Research, 45(2), 143-154. https://doi.org/10.1080/0013188032000133548

Bazeley, P. (2018). Integrating analyses in mixed methods research. SAGE Publications Ltd.

Bennett, J., & Holman, J. (2003). Context-Based Approaches to the Teaching of Chemistry: What
are They and What Are Their Effects? In J. K. Gilbert, O. Jong, R. Justi, D. F. Treagust, & J.
H. Driel (Eds.), Chemical Education: Towards Research-based Practice (Vol. 17, pp.
165-184). Kluwer Academic Publishers. https://doi.org/10.1007/0-306-47977-X_8

Bennett, J., & Lubben, F. (2006). Context-based Chemistry: The Salters approach. International
Journal of Science Education, 28(9), 999-1015.
https://doi.org/10.1080/09500690600702496

BERA. (2018). Ethical Guidlines for Educational Research (fourth). British Educational Research
Association. https://www.bera.ac.uk/researchers-resources/publications/ethical-
guidelines-for-educational-research-2018

Biggs, J. (1987). Student Approaches to Learning and Studying (Research Monograph). Radford
House, Fredrick Street, Hawthorn Australia.

Biggs, J. (1996). Enhancing teaching through constructive alignment. Higher Education, 32(3),
347-364. https://doi.org/10.1007/BF00138871

Biggs, J. (2003). Aligning teaching and assessing to course objectives. Teaching and Learning in
Higher Education: New Trends and Innovations, 2(4), 13-17.

Biggs, J., & Tang, C. (2011). Teaching for quality learning at university. McGraw-Hill education.

Blackburn, R. A. R., Villa-Marcos, B., & Williams, D. P. (2019). Preparing Students for Practical
Sessions Using Laboratory Simulation Software. Journal of Chemical Education, 96(1),

153-158. https://doi.org/10.1021/acs.jchemed.8b00549

213



Bloom, B., Engelhart, M., Furst, E. J., & Krathwohl, D. R. (1956). Taxonomy of educational
objectives: The classification of educational goals. Handbook 1: Cognitive domain.
David MacKay Co. Inc.

Bloom, B., Krathwohl, D. R., & Masia, B. (1973). Taxonomy of Educational Objectives: The
Classification of Educational Goals: Handbook Il Affective Domain. David MacKay Co.
Inc.

Bodner, G. M. (1986). Constructivism: A theory of knowledge. Journal of Chemical Education,
63(10), 873. https://doi.org/10.1021/ed063p873

Bodner, G. M., & Orgill, M. (2007). Theoretical Frameworks for research in chemistry/science
education. Pearson.

Bohnacker-Bruce, S. (2019). Undergraduate students as partners in academic research: The
Winchester Research Apprenticeship Programme (WRAP). The Journal of Educational
Innovation, Partnership and Change, 5(1).
https://journals.studentengagement.org.uk/index.php/studentchangeagents/article/vie
w/920

Bond, R., & Cone, C. (2012). Improving Student Confidence in Skill Performance in a
Pharmaceutical Care Lab Setting. Pharmacy Education, 12(1), 20-24.

Bonwell, C. C., & Eison, J. A. (1991). Active Learning: Creating Excitement in the Classroom.
1991 ASHE-ERIC Higher Education Reports. ERIC Clearinghouse on Higher Education,
The George Washington University, One Dupont Circle, Suite 630, Washington, DC
20036-1183 ($17.00). https://eric.ed.gov/?id=ED336049

Borrego, M., Douglas, E. P., & Amelink, C. T. (2009). Quantitative, Qualitative, and Mixed
Research Methods in Engineering Education. Journal of Engineering Education, 98(1),
53-66. https://doi.org/10.1002/j.2168-9830.2009.tb01005.x

Boulton, D., & Hammersley, M. (2006). Analysis of Unstructured Data. In Data collection and

analysis (2nd ed., pp. 243-259).

214



Bovill, C., Cook-Sather, A., & Felten, P. (2011). Students as co-creators of teaching approaches,
course design, and curricula: Implications for academic developers. International
Journal for Academic Development, 16(2), 133-145.
https://doi.org/10.1080/1360144X.2011.568690

Bowl, M. (2001). Experiencing the barriers: Non-traditional students entering higher education.
Research Papers in Education, 16(2), 141-160.
https://doi.org/10.1080/02671520110037410

Bradbury-Jones, C., Sambrook, S., & Irvine, F. (2009). The phenomenological focus group: An
oxymoron? Journal of Advanced Nursing, 65(3), 663-671.
https://doi.org/10.1111/j.1365-2648.2008.04922.x

Braun & Clarke. (2006). Using thematic analysis in psychology: Qualitative Research in
Psychology: Vol 3, No 2.
https://www.tandfonline.com/doi/abs/10.1191/1478088706qp0630a

Braun, V., & Clarke, V. (2013). Successful Qualitative Research. Sage Publications.

Braun, V., & Clarke, V. (2021). Thematic Analysis: A Practical Guide (1st edition). SAGE
Publications Ltd.

Breen, R., & Lindsay, R. (2002). Different Disciplines Require Different Motivations for Student
Success. Research in Higher Education, 43(6), 693-725.
https://doi.org/10.1023/A:1020940615784

Bretz, S. L. (2001). Novak’s Theory of Education: Human Constructivism and Meaningful
Learning. Journal of Chemical Education, 78(8), 1107.
https://doi.org/10.1021/ed078p1107.6

Briggs, A. R. J., Clark, J., & Hall, I. (2012). Building bridges: Understanding student transition to
university. Quality in Higher Education, 18(1), 3-21.

https://doi.org/10.1080/13538322.2011.614468

215



Broad, H., Carey, N., Williams, D. P., & Blackburn, R. A. R. (2023). Impact of the COVID-19
Pandemic on Chemistry Student and Staff Perceptions of their Learning/Teaching
Experience. Journal of Chemical Education.
https://doi.org/10.1021/acs.jchemed.2c00856

Brown, B., Skau, K., & Wall, A. (2009). Learning Across the Curriculum: Connecting the
Pharmaceutical Sciences to Practice in the First Professional Year. American Journal of
Pharmaceutical Education, 73(2), 36. https://doi.org/10.5688/aj730236

Brown, C. E., Henry, M. L. M., Barbera, J., & Hyslop, R. M. (2012). A Bridge between Two
Cultures: Uncovering the Chemistry Concepts Relevant to the Nursing Clinical Practice.
Journal of Chemical Education, 89(9), 1114-1121. https://doi.org/10.1021/ed200041x

Brown, S. (2005). Assessment for Learning. Learning and Teaching in Higher Education, (1), 81-
89.

Brown, S. D. (2010). A Process-Oriented Guided Inquiry Approach to Teaching Medicinal
Chemistry. American Journal of Pharmaceutical Education, 74(7).
https://doi.org/10.5688/aj7407121

Bruner, J. (1960). The process of education. Harvard University Press.

Bryce, T. G. K., & Blown, E. J. (2024). Ausubel’s meaningful learning re-visited. Current
Psychology, 43(5), 4579-4598. https://doi.org/10.1007/s12144-023-04440-4

Bryman, A. (2006). Integrating quantitative and qualitative research: How is it done? Qualitative
Research, 6(1), 97-113. https://doi.org/10.1177/1468794106058877

Buckley, A. (2014). How radical is student engagement? (And what is it for?). Student
Engagement and Experience Journal, 3(2). https://doi.org/10.7190/seej.v3i2.95

Bunce, D. M., Komperda, R., Dillner, D. K., Lin, S., Schroeder, M. J., & Hartman, J. R. (2017).
Choice of Study Resources in General Chemistry by Students Who Have Little Time To
Study. Journal of Chemical Education, 94(1), 11-18.

https://doi.org/10.1021/acs.jchemed.6b00285

216



Byusa, E., Kampire, E., & Mwesigye, A. R. (2022). Game-based learning approach on students’
motivation and understanding of chemistry concepts: A systematic review of literature.
Heliyon, 8(5), e09541. https://doi.org/10.1016/j.heliyon.2022.e09541

Cachia, M., Lynam, S., & Stock, R. (2018). Academic success: Is it just about the grades? Higher
Education Pedagogies, 3(1), 434-439. https://doi.org/10.1080/23752696.2018.1462096

Cameron, A. (2019). General Pharmaceutical Council — Survey of registered pharmacy
professionals 2019 — Main Report.

Canning, J. (2017). Conceptualising student voice in UK higher education: Four theoretical
lenses. Teaching in Higher Education, 22(5), 519-531.
https://doi.org/10.1080/13562517.2016.1273207

Carless, D. (2006). Differing perceptions in the feedback process. Studies in Higher Education,
31(2), 219-233. https://doi.org/10.1080/03075070600572132

Casanova, P. F., Garcia-Linares, M. C., De LaTorre, M. J., & Carpio, M. D. L. V. (2005). Influence
of family and socio-demographic variables on students with low academic
achievement. Educational Psychology, 25(4), 423-435.
https://doi.org/10.1080/01443410500041888

Casey, M. M., Bates, S. P., Galloway, K., Galloway, R., Hardy, J. A., Kay, A. E., Kirsop, P., &
McQueen, H. A. (2014). Scaffolding student engagement via online peer learning.
European Journal of Physics, 35(4), 045002. https://doi.org/10.1088/0143-
0807/35/4/045002

Castillo, J.-M., Park, Y. S., Harris, I., Cheung, J. J. H., Sood, L., Clark, M. D., Kulasegaram, K.,
Brydges, R., Norman, G., & Woods, N. (2018). A critical narrative review of transfer of
basic science knowledge in health professions education. Medical Education, 52(6),
592-604. https://doi.org/10.1111/medu.13519

CCAPP. (2020, July). CCAPP Accreditation standards for Canadian First Professional Degree in

Pharmacy Programs. CCAPP Accreditation Standards for Canadian First Professional

217



Degree in Pharmacy Programs. https://ccapp.ca/wp-content/uploads/2020/10/July7-
CCAPP-Professional-Standards-ENG.pdf

Cents-Boonstra, M., Lichtwarck-Aschoff ,Anna, Denessen ,Eddie, Aelterman ,Nathalie, & and
Haerens, L. (2021). Fostering student engagement with motivating teaching: An
observation study of teacher and student behaviours. Research Papers in Education,
36(6), 754-779. https://doi.org/10.1080/02671522.2020.1767184

Chapman, C. (2014). Stop science focus for pharmacy degrees, chief pharmacist says. The
Pharmaceutical Journal. https://pharmaceutical-journal.com/article/news/stop-
science-focus-for-pharmacy-degrees-chief-pharmacist-says

Chen, A. M. H., Brown, S., Mark, K., & McBane, S. (2023). An overview of Instructional
approaches and decision-making strategies to curtail curricular overload. American
Journal of Pharmaceutical Education, 87(8), 100013.
https://doi.org/10.1016/j.ajpe.2022.12.001

Cheung, J. J. H., Kulasegaram, K. M., Woods, N. N., & Brydges, R. (2019). Why Content and
Cognition Matter: Integrating Conceptual Knowledge to Support Simulation-Based
Procedural Skills Transfer. Journal of General Internal Medicine, 34(6), 969-977.
https://doi.org/10.1007/s11606-019-04959-y

Chi, M. T. H., & Wylie, R. (2014). The ICAP Framework: Linking Cognitive Engagement to Active
Learning Outcomes. Educational Psychologist, 49(4), 219-243.
https://doi.org/10.1080/00461520.2014.965823

Choo, C.-Y., Chiau Ming, L., & Tan, C. S. (2022). Fostering critical thinking in pharmaceutical
chemistry: A cross-sectional study. Pharmacy Education, 22(1), 866-871.
https://doi.org/10.46542/pe.2022.221.866871

Clancy, J., McVicar, A., &Bird, D. (2000). Getting it right? An exploration of issues relating to the
biological sciences in nurse education and nursing practice. Journal of Advanced

Nursing, 32(6), 1522-1532. https://doi.org/10.1046/j.1365-2648.2000.01608.x

218



Coates, H. (2005). The value of student engagement for higher education quality assurance.
Quality in Higher Education, 11(1), 25-36. https://doi.org/10.1080/13538320500074915

Cohen, L., Manion, L., & Morrison, K. (2018). Research Methods in Education: Includes
Companion Website. Routledge.

Connelly, D. (2025). Ethnicity awarding gap for UK pharmacy graduates has widened since
COVID-19 pandemic—The Pharmaceutical Journal. Pharmaceutical Journal, 314(7995).
https://pharmaceutical-journal.com/article/news/ethnicity-awarding-gap-for-uk-
pharmacy-graduates-has-widened-since-covid-19-pandemic

Cook, D. A, & Artino, A. R. (2016). Motivation to learn: An overview of contemporary theories.
Medical Education, 50(10), 997-1014. https://doi.org/10.1111/medu.13074

Cook-Sather, A. (2006). Sound, Presence, and Power: “Student Voice” in Educational Research
and Reform. Curriculum Inquiry, 36(4), 359-390. https://doi.org/10.1111/j.1467-
873X.2006.00363.x

Cooper, M. M., Stowe, R. L., Crandell, O. M., & Klymkowsky, M. W. (2019). Organic Chemistry,
Life, the Universe and Everything (OCLUE): A Transformed Organic Chemistry
Curriculum. Journal of Chemical Education, 96(9), 1858-1872.
https://doi.org/10.1021/acs.jchemed.9b00401

Cooper, R., Bissell, P., & Wingfield, J. (2008). Ethical decision-making, passivity and pharmacy |
Journal of Medical Ethics. Journal of Medical Ethics, 34(6), 441-445.

Corbo, M., Patel, J., Tawab, A., & Davies, J. (2006). Evaluating clinical skills of undergraduate
pharmacy students using objective structured clinical examinations (OSCEs).
Pharmacy Education, 6(1).
https://pharmacyeducation.fip.org/pharmacyeducation/article/view/730

Cornwall, A., & Jewkes, R. (1995). What is participatory research? Social Science & Medicine,

41(12), 1667-1676. https://doi.org/10.1016/0277-9536(95)00127-S

219



Corso, M. J,, Bundick, M. J., Quaglia, R. J., & Haywood, D. E. (2013). Where Student, Teacher,
and Content Meet: Student Engagement in the Secondary School Classroom. American
Secondary Education, 41(3), 50-61.

Council of Higher Education. (2022). Standards for Bachelor of Pharmacy | Council on Higher
Education. Council of Higher Education, South Africa.
https://www.che.ac.za/publications/standard-reviews/standards-bachelor-pharmacy

Covington, M. V., & Mueller, K. (2001). Intrinsic Versus Extrinsic Motivation: An
Approach/Avoidance Reformulation. Educational Psychology Review, 13(2), 157-176.

Cowan, N. (2012). Working Memory Capacity (0 ed.). Psychology Press.
https://doi.org/10.4324/9780203342398

Crafford, L., Kusurkar, R., Bronkhorst, E., Gous, A., & Wouters, A. (2023). Understanding of
healthcare professionals towards the roles and competencies of clinical pharmacists in
South Africa. BMC Health Services Research, 23(1), 290.
https://doi.org/10.1186/s12913-023-09222-7

Cresswell, J. W., & Cresswell. (2018). Research Design Qualitatve, quantative and mixed
methods approaches (5th ed.). SAGE Publications Ltd.

Cresswell, J. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods research
(3rd ed.). SAGE Publications Ltd.

Cresswell, J. W., & Poth, C. (2018). Qualitative Inquiry and Research Design (fourth). SAGE
Publications Ltd.

Crotty, M. (1998). The Foundations of Social Research (1st ed.). SAGE Publications Ltd.
https://uk.sagepub.com/en-gb/eur/the-foundations-of-social-research/book207972

Dalgety, J., Coll, R. K., & Jones, A. (2003). Development of chemistry attitudes and experiences
questionnaire (CAEQ). Journal of Research in Science Teaching, 40(7), 649-668.

https://doi.org/10.1002/tea.10103

220



Das, J., Fernandez, J., Shah, D., Williams, L., & Zagaar, M. (2018). Case-based studies in
teaching medicinal chemistry in PharmD curriculum: Perspectives of students, faculty,
and pharmacists from academia. Currents in Pharmacy Teaching and Learning, 10(1),
85-89. https://doi.org/10.1016/j.cptl.2017.09.004

Das, J., Safarudin, R., Thornton, J. D., & Williams, L. (2026). Textbook reading habits and
perceptions among PharmD students in an integrated curriculum: A mixed-methods
analysis. Currents in Pharmacy Teaching and Learning, 18(2), 102489.
https://doi.org/10.1016/j.cptl.2025.102489

Davies, M. B. (2007). Doing a Successful Research Project: Using Qualitative or Quantitative
Methods. Palgrave Macmillan.

DellaVecchia, M. J., Claudio, A. M., & Fairclough, J. L. (2017). A pharmacy student’s role as a
teaching assistant in an undergraduate medicinal chemistry course —Implementation,
evaluation, and unexpected opportunities for educational outreach. Currents in
Pharmacy Teaching and Learning, 9(6), 1080-1090.
https://doi.org/10.1016/j.cptl.2017.07.002

Denny, P., Hamer, J., Luxton-Reilly, A., & Purchase, H. (2008). PeerWise: Students sharing their
multiple choice questions. Proceeding of the Fourth International Workshop on
Computing Education Research - ICER ’08, 51-58.
https://doi.org/10.1145/1404520.1404526

Denscombe, M. (2017). The Good Research Guide (6th edition). Open University Press.

Department for Business, Innovation and Skills. (2016). Success as a Knowledge Economy:
Teaching Excellence, Social Mobility and Student Choice. UK Government.
https://assets.publishing.service.gov.uk/media/5a817487ed915d74e33fedca/bis-16-

265-success-as-a-knowledge-economy-web.pdf

221



Department of Health. (2008). Department of Health. Pharmacy in England Building on
Strengths - Delivering the Future.
https://assets.publishing.service.gov.uk/media/5a7bff2340f0b645ba3c6108/7341.pdf

Dewey, J. (1938). Experience and Education. MacMillan.

Disbeschl, S., Checkland, K., Stutchbury, K., & Payne, R. (2026). ‘You can mix your methods,
but you can’t mix your paradigms’: A guide to ontology and epistemology for the
confused researcher. British Journal of General Practice, 76(762), 36-40.
https://doi.org/10.3399/BJGP.2025.0390

DiVall, M., Abate, M. A., Blake, E. W., Carter, J., Chadha, G. S., Jackowski, R. M., Khasawneh, F.
T., Taylor, J. R., & Wagner, J. L. (2020). Recommendations for integration of foundational
and clinical sciences throughout the pharmacy curriculum. Currents in Pharmacy
Teaching and Learning, 12(11), 1371-1374. https://doi.org/10.1016/j.cptl.2020.06.006

Donovan, C., & Erskine-Shaw, M. (2020). ‘Maybe | can do this. Maybe | should be here’:
Evaluating an academic literacy, resilience and confidence programme. Journal of
Further and Higher Education, 44(3), 326-340.
https://doi.org/10.1080/0309877X.2018.1541972

Doolittle, P., Wojdak, K., & Walters, A. (2023). Defining Active Learning: A Restricted Systemic
Review. Teaching and Learning Inquiry, 11.
https://doi.org/10.20343/teachlearninqu.11.25

D’Souza, B., & Broeseker, A. E. (2022). Ascertaining and promoting effective study skills and
learning habits of first-year pharmacy students. Currents in Pharmacy Teaching and
Learning, 14(5), 561-571. https://doi.org/10.1016/j.cptl.2022.04.011

Dube, D. H. (2018). Design of a drug discovery course for non-science majors. Biochemistry and
Molecular Biology Education, 46(4), 327-335. https://doi.org/10.1002/bmb.21121

Duffy, T. P. (2011). The Flexner Report—100 years later. Yale Journal of Biology and Medicine,

September(84 (3)), 269-276.

222



Dunn, L., O’Reilly, M., Morgan, C., & Parry, S. (2003). The student assessment handbook: New
directions in Traditional and Online Assessment. Routledge.

Elvey, R., Hassell, K., & Hall, J. (2013). Who do you think you are? Pharmacists’ perceptions of
their professional identity. International Journal of Pharmacy Practice, 21(5), 322-332.
https://doi.org/10.1111/ijpp.12019

Entwistle, N. (2000). Promoting deep learning through teaching and assessment: Conceptual
frameworks and educational contexts. TLRP Conference, Leicester, 1, 12.
https://www.academia.edu/download/31210844/Entwistle2000.pdf

Entwistle, N. (2023). Promoting deep learning through teaching and assessment. In Assessment
to promote deep learning (pp. 9-19). Routledge.
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003443100-2/promoting-
deep-learning-teaching-assessment-noel-entwistle

Entwistle, N., & Ramsden, P. (2015). Understanding Student Learning (Routledge Revivals) (2nd
ed.). Routledge. https://doi.org/10.4324/9781315718637

Eun, B. (2019). The zone of proximal development as an overarching concept: A framework for
synthesizing Vygotsky’s theories. Educational Philosophy and Theory, 51(1), 18-30.
https://doi.org/10.1080/00131857.2017.1421941

European Education Area. (2022). European Education Area. The Bologna Process and the
European Higher Education Area. https://education.ec.europa.eu/education-
levels/higher-education/inclusive-and-connected-higher-education/bologna-process

Evans, C., Kandiko Howson, C., & Forsythe, A. (2018). Making sense of learning gain in higher
education. Higher Education Pedagogies, 3(1), 1-45.
https://doi.org/10.1080/23752696.2018.1508360

Fabregues, S., Escalante-Barrios, E. L., Molina-Azorin, J. F., Hong, Q. N., & Verd, J. M. (2021).

Taking a critical stance towards mixed methods research: A cross-disciplinary

223



qualitative secondary analysis of researchers’ views. PLOS ONE, 16(7), e0252014.
https://doi.org/10.1371/journal.pone.0252014

Farsides, T., & Woodfield, R. (2003). Individual differences and undergraduate academic
success: The roles of personality, intelligence, and application. Personality and
Individual Differences, 34(7), 1225-1243. https://doi.org/10.1016/S0191-
8869(02)00111-3

Faruk Khan, M. O., Deimling, M. J., & Philip, A. (2011). Medicinal Chemistry and the Pharmacy
Curriculum. American Journal of Pharmaceutical Education, 75(8), 161.
https://doi.org/10.5688/ajpe 758161

Fergus, S. (2019). Using PeerWise to support transtion to higher education. Teaching Chemistry
in Higher Education, 1, 181-194.

Fergus, S. (2022). Are undergraduate students studying smart? Insights into study strategies
and habits across a programme of study. Journal of University Teaching and Learning
Practice, 19(2), 110-127. https://doi.org/10.53761/1.19.2.8

Fergus, S., Birdi, A., & Riaz, F. (2019). A Framework Model for a Contextualized and Integrated
Warfarin Therapy Case in a Master of Pharmacy Program. American Journal of
Pharmaceutical Education, 83(5). https://doi.org/10.5688/ajpe6688

Fergus, S., Botha, M., & Ostovar, M. (2023). Evaluating Academic Answers Generated Using
ChatGPT. Journal of Chemical Education, 100(4), 1672-1675.
https://doi.org/10.1021/acs.jchemed.3c00087

Fergus, S., Botha, M., & Scott, M. (2020). Insights Gained During COVID-19: Refocusing
Laboratory Assessments Online. Journal of Chemical Education, 97(9), 3106-3109.
https://doi.org/10.1021/acs.jchemed.0c00568

Fergus, S., Heelan, A., Ibrahim, S., Oyman, H., Diaz-de-Mera, Y., & Notario, A. (2021). Insights

into Study Strategies and Habits: A Study with Undergraduate Students in Spain and the

224



U.K. Journal of Chemical Education, 98(10), 3084-3089.
https://doi.org/10.1021/acs.jchemed.1c00126

Fergus, S., Hirani, E., Parkar, N., &Kirton, S. B. (2021). Strategic Engagement: Exploring Student
Buy-in across a Formative and Summative Online Assessment. All Ireland Journal of
Higher Education, 13(1), Article 1. https://ojs.aishe.org/index.php/aishe-
j/article/view/441

Fergus, S., & Hitch, G. (2014). Assessing the status of fundamental chemistry knowledge Using
avisually displayed chemistry diagnostic test. New Directions in the Teaching of
Physical Sciences, (10), 50-58. https://doi.org/10.29311/ndtps.v0i10.517

Fergus, S., Kellett, K., & Gerhard, U. (2015). The Khat and Meow Meow Tale: Teaching the
Relevance of Chemistry through Novel Recreational Drugs. Journal of Chemical
Education, 92(5), 843-848. https://doi.org/10.1021/ed2004966

Fergus, S., & Kostrzewski, A. (2011). Why the contextualisation of chemistry in the MPharm
curriculum is needed. Pharmaceutical Journal, 286(513).

Fernandes, J. P. S. (2018). The Importance of Medicinal Chemistry Knowledge in the Clinical
Pharmacist’s Education. American Journal of Pharmaceutical Education, 82(2), 6083.
https://doi.org/10.5688/ajpe6083

Fetters, M. D., & Freshwater, D. (2015). The 1 + 1 = 3 Integration Challenge. Journal of Mixed
Methods Research, 9(2), 115-117. https://doi.org/10.1177/1558689815581222

Fielding, M. (2004). Transformative approaches to student voice: Theoretical underpinnings,
recalcitrant realities. British Educational Research Journal, 30(2), 295-311.
https://doi.org/10.1080/0141192042000195236

Finnerty, E. P., Chauvin, S., Bonaminio, G., Andrews, M., Carroll, R. G., & Pangaro, L. N. (2010).
Flexner Revisited: The Role and Value of the Basic Sciences in Medical Education:

Academic Medicine, 85(2), 349-355. https://doi.org/10.1097/ACM.0b013e3181¢c88b09

225



Flexner, A. (1910). Medical education in the United States and Canada. From the Carnegie
Foundation for the Advancement of Teaching, Bulletin Number Four, 1910. Bulletin of
the World Health Organization, 80(7), 594-602.

Florence, A. (2011). The physical sciences in a clinical curriculum—A personal perspective.
Pharmaceutical Journal, 287 (7681), 657-658.

Forehand, M. (2010). Bloom’s Taxonomy. Emerging Perspectives on Learning, Teaching, and
Technology, 41(4), 47-56.

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School Engagement: Potential of the
Concept, State of the Evidence. Review of Educational Research, 74(1), 59-109.
https://doi.org/10.3102/00346543074001059

Furman, B. (2014). Science is an essential component of undergraduate pharmacy education.
Pharmaceutical Journal, 293(7828). https://doi.org/10.1211/PJ.2014.20066479

Galloway, K., & Burns, S. (2015). Doing it for themselves: Students creating a high quality peer-
learning environment. Chemistry Education Research and Practice, 16(1), 82-92.

Galloway, K., Malakpa, Z., & Bretz, S. L. (2016). Investigating Affective Experiences in the
Undergraduate Chemistry Laboratory: Students’ Perceptions of Control and
Responsibility. Journal of Chemical Education, 93(2), 227-238.
https://doi.org/10.1021/acs.jchemed.5b00737

Geller, J., Toftness, A. R., Armstrong, P. ., Carpenter, S. K., Manz, C. L., Coffman, C. R., &
Lamm, M. H. (2018). Study strategies and beliefs about learning as a function of
academic achievement and achievement goals. Memory, 26(5), 683-690.
https://doi.org/10.1080/09658211.2017.1397175

Ghafourifard, M. (2024). Survey Fatigue in Questionnaire Based Research: The Issues and
Solutions. Journal of Caring Sciences, 13(4), 214-215.

https://doi.org/10.34172/jcs.33287

226



Gilbert, J. K. (2006). On the Nature of “Context” in Chemical Education. International Journal of
Science Education, 28(9), 957-976. https://doi.org/10.1080/09500690600702470

Gillham, B. (2005). Research Interviewing (1st ed.). McGraw-Hill Education.
https://go.exlibris.link/pCk1S8Rn

Gov.uk. (2021). Proposed changes to the assessment of GCSEs, AS and A levels in 2022—
GOV. UK. https://www.gov.uk/government/consultations/proposed-changes-to-the-
assessment-of-gcses-as-and-a-levels-in-2022

Gov.uk. (2024). Writing about ethnicity—GOV. UK. https://www.ethnicity-facts-
figures.service.gov.uk/style-guide/writing-about-ethnicity/

GPhC. (2011). GPhC. Future Pharmacists: Standards for the Initial Education and Training of
Pharmacists.
https://assets.pharmacyregulation.org/files/document/future_pharmacists_standards_
for_the_initial_education_and_training_of_pharmacists.pdf

GPhC. (2017). Standards for pharmacy professionals | General Pharmaceutical Council.
General Pharmaceutical Council.
https://www.pharmacyregulation.org/pharmacists/standards-and-guidance-
pharmacy-professionals/standards-pharmacy-professionals

GPhC. (2020). Standards for pharmacy education | General Pharmaceutical Council.
https://www.pharmacyregulation.org/education/education-standards#Pharmacist

GPhC. (2021). GPhC. Standards for the Initial Education and Training of Pharmacists.
https://assets.pharmacyregulation.org/files/2024-
01/Standards%20for%20the%20initial%20education%20and%20training%200f%20pha
rmacists%20January%202021%20final%20v1.4.pdf

GPhC. (2023). GPhC. Pharmacist Education and Training.
https://www.pharmacyregulation.org/students-and-trainees/pharmacist-education-

and-training

227



GPhC. (2024). GPhC. Pharmacist Education and Training.
https://www.pharmacyregulation.org/

GPhC. (2025a). Non-EEA qualified international pharmacists | General Pharmaceutical Council.
Pharmacy Regulation. https://www.pharmacyregulation.org/pharmacists/registering-
pharmacist/non-eea-qualified-international-pharmacists

GPhC. (2025b). GPhC registers data. General Pharmaceutical Council.
https://www.pharmacyregulation.org/about-us/publications-and-insights/research-
data-and-insights/gphc-registers-data#diversity-data

Greene, J. B., Nuzum, D. S., & Boyce, E. G. (2010). Correlation of pre-pharmacy work experience
in a pharmacy setting with performance in a top 200 drugs course. Currents in
Pharmacy Teaching and Learning, 2(3), 180-185.
https://doi.org/10.1016/j.cptl.2010.04.005

Greene, J. C. (2008). Is Mixed Methods Social Inquiry a Distinctive Methodology? Journal of
Mixed Methods Research, 2(1), 7-22. https://doi.org/10.1177/1558689807309969

Greenhalgh, T. (2003). Doing an intercalated BSc can make you a better doctor. Medical
Education, 37(9), 760-761. https://doi.org/10.1046/j.1365-2923.2003.01603.x

Greenhalgh, T., Thorne, S., & Malterud, K. (2018). Time to challenge the spurious hierarchy of
systematic over narrative reviews? European Journal of Clinical Investigation, 48(6),
e€12931. https://doi.org/10.1111/eci. 12931

Greening, T. (1998). Scaffolding for Success in Problem-Based Learning: Medical Education
Online: Vol 3, No 1. Medical Education Online, 3(1), 4297.

Gregory, A. T., & Denniss, A. R. (2018). An Introduction to Writing Narrative and Systematic
Reviews—Tasks, Tips and Traps for Aspiring Authors. Heart, Lung and Circulation, 27(7),
893-898. https://doi.org/10.1016/j.hlc.2018.03.027

Guba, E. (1990). The paradigm dialog. SAGE Publications Ltd.

228



Guilding, C., White, P. J., Cunningham, M., Kelly-Laubscher, R., Koenig, J., Babey, A., Tucker, S.,
Kelly, J. P., Gorman, L., Aronsson, P., Hawes, M., Ngo, S. N. T., Mifsud, J., Werners, A. H.,
Hinton, T., Khan, F., Aljofan, M., & Angelo, T. (2024). Defining and unpacking the core
concepts of pharmacology: A global initiative. British Journal of Pharmacology, 181(3),
375-392. https://doi.org/10.1111/bph.16222

Guile, D., & Ahamed, F. (2011). Modernising the Pharmacy Curriculum—Innovations in
Professional Education and Training: A new approach for Pharmacists. Centre for
Learning and Life chances in Knowledge Economies and Socieities.
https://www.llakes.ac.uk/publication/modernising-the-pharmacy-curriculum/

Gulikers, J. T. M., Bastiaens, T. J., & Kirschner, P. A. (2004). A five-dimensional framework for
authentic assessment. Educational Technology Research and Development, 52(3), 67—
86. https://doi.org/10.1007/BF02504676

Gupta, D., Smith, M. M., & Tromp, K. (2021). Utilization of active learning approaches in
medicinal chemistry and subsequent correlations with North American Licensure
Examination and Pharmacy Curriculum Outcomes Assessment scores. Currents in
Pharmacy Teaching and Learning, 13(4), 376-381.
https://doi.org/10.1016/j.cptl.2020.11.002

Gwee, M. C. E., Samarasekera, D., & Chay-Hoon, T. (2010). Role of Basic Sciences in 21st
Century Medical Education: An Asian Perspective. Medical Science Educator, 20(3).

Hackett, G., Betz, N. E., Casas, J. M., & Rocha-Singh, I. A. (1992). Gender, ethnicity, and social
cognitive factors predicting the academic achievement of students in engineering.
Journal of Counseling Psychology, 39(4), 527-538. https://doi.org/10.1037/0022-
0167.39.4.527

Hadi, M. A, & Closs, S. J. (2015). Applications of mixed-methods methodology in clinical
pharmacy research. International Journal of Clinical Pharmacy, s11096-015-0231-z.

https://doi.org/10.1007/s11096-015-0231-z

229



Hailikari, T., Katajavuori, N., & Lindblom-Ylanne, S. (2008). The Relevance of Prior Knowledge in
Learning and Instructional Design. American Journal of Pharmaceutical Education,
72(5), 113.

Hall, J. P., & Allman, S. A. (2020). Blending virtual reality with traditional approaches to
encourage engagement with core chemistry concepts relevant to an undergraduate
pharmacy curriculum. Pharmacy Education, 20, 365-374.
https://doi.org/10.46542/pe.2020.201.365374

Hall, S., Grant, G., Arora, D., Karaksha, A., McFarland, A., Lohning, A., & Anoopkumar-Dukie, S.
(2017). A pilot study assessing the value of 3D printed molecular modelling tools for
pharmacy student education. Currents in Pharmacy Teaching and Learning, 9(4), 723-
728. https://doi.org/10.1016/j.cptl.2017.03.029

Hancock, D., Hare, N., Denny, P., & Denyer, G. (2018). Improving large class performance and
engagement through student-generated question banks. Biochemistry and Molecular
Biology Education, 46(4), 306-317. https://doi.org/10.1002/bmb.21119

Hanna, L.-A., Askin, F., & Hall, M. (2016). First-Year Pharmacy Students’ Views on Their Chosen
Professional Career. American Journal of Pharmaceutical Education, 80(9), 150.
https://doi.org/10.5688/ajpe809150

Harden, R. M. (1999). What is a spiral curriculum? Medical Teacher, 21(2), 141-143.
https://doi.org/10.1080/01421599979752

Harden, R. M. (2000). The integration ladder: A tool for curriculum planning and evaluation.
Medical Education, 34(7), 551-557. https://doi.org/10.1046/j.1365-2923.2000.00697 .x

Harlen, W., & Deakin Crick, R. (2002). A systematic review of the impact of summative
assessment and tests on students’ motivation for learning (1.1*). Social Science
Research Unit, Institute of Education.

Hattie, J. (2009). Visible Learning: A Synthesis of Over 800 Meta-Analyses Relating to

Achievement. Routledge.

230



Headland, C. (2024). What is student engagement? Times Higher Education.
https://www.timeshighereducation.com/campus/what-student-engagement

HEE. (2019). Advancing pharmacy education and training: A review. Advancing Pharmacy
Education and Training: A Review.
https://www.hee.nhs.uk/sites/default/files/documents/Advancing%20Pharmacy%20E
ducation%20and%20Training%20Review.pdf

HEE. (2025). Prescribing Supervision and Assessment in the Foundation Trainee Pharmacist
Programme from 2025/26. HEE, NHS England.
https://www.hee.nhs.uk/sites/default/files/documents/Prescribing%20Supervision%20
and%20Assessment%20in%20the%20Foundation%20Trainee%20Pharmacist%20Prog
ramme%20JAN%202025%20V1.3.pdf

Hennink, M. M., Kaiser, B. N., & Weber, M. B. (2019). What Influences Saturation? Estimating
Sample Sizes in Focus Group Research. Qualitative Health Research, 29(10), 1483-
1496. https://doi.org/10.1177/1049732318821692

Henriksen, B., & Roche, V. (2012). Creation of Medicinal Chemistry Learning Communities
Through Enhanced Technology and Interdisciplinary Collaboration. American Journal of
Pharmaceutical Education, 76(8), 158. https://doi.org/10.5688/ajpe768158

HEPI. (2021). Mature students: A silent or silenced voice? Higher Education Policy Institute.
https://www.hepi.ac.uk/2021/08/21/mature-students-a-silent-or-silenced-voice/

HEPI. (2023). How to Beat a Cost-of-Learning Crisis: Universities’ Support for Students. How to
Beat a Cost-of-Learning Crisis: Universities’ Support for Students.
https://www.hepi.ac.uk/2023/09/23/hepi-research-shows-nearly-half-of-universities-
promote-part-time-work/

HESA. (2019). Definitions: Students | HESA. Higher Education Statistics Agency.

https://www.hesa.ac.uk/support/definitions/students

231



Hickman, R. J. S., & Neill, J. (1997). Influence of pH on Drug Absorption from the
Gastrointestinal Tract: A Simple Chemical Model. Journal of Chemical Education, 74(7),
855. https://doi.org/10.1021/ed074p855

Hitchings, A., Lonsdale, D., Burrage, D., & Baker, E. (2023). The Top 100 Drugs: Clinical
Pharmacology and Practical Prescribing. Elsevier.

Hmelo-Silver, C. E. (2004). Problem-Based Learning: What and How Do Students Learn?
Educational Psychology Review, 16(3), 235-266.
https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Hoare, A., & Johnston, R. (2011). Widening participation through admissions policy — a British
case study of school and university performance. Studies in Higher Education, 36(1),
21-41. https://doi.org/10.1080/03075070903414297

Hodson, D., & Hodson, J. (1998). From Constructivism To Social Constructivism: A Vygotskian
Perspective on Teaching and Learning Science. School Science Review, 79(289), 33-41.

Hofer, J. D., & Murphy, J. R. (2000). Structured use of the median in the analytical measurement
process. Journal of Pharmaceutical and Biomedical Analysis, 23(4), 671-686.
https://doi.org/10.1016/S0731-7085(00)00349-6

Holme, T. A., Luxford, C. J., & Brandriet, A. (2015). Defining Conceptual Understandingin
General Chemistry. Journal of Chemical Education, 92(9), 1477-1483.
https://doi.org/10.1021/acs.jchemed.5b00218

Hope, D. L., Rogers, G. D., Grant, G. D., &King, M. A. (2021). Experiential Learning in a Gamified
Pharmacy Simulation: A Qualitative Exploration Guided by Semantic Analysis.
Pharmacy, 9(2), 81. https://doi.org/10.3390/pharmacy9020081

Howe, P. D. L., McKague, M., Lodge, J. M., Blunden, A. G., & Saw, G. (2018). PeerWise:
Evaluating the Effectiveness of a Web-Based Learning Aid in a Second-Year Psychology
Subject. Psychology Learning & Teaching, 17(2), 166-176.

https://doi.org/10.1177/1475725718764181

232



Howell, D. (2007). Statistical methods for psychology (sixth). Thomson Wadsworth.

Hu, S., & Kuh, G. D. (2002). Being (Dis)Engaged in Educationally Purposeful Activities: The
Influences of Student and Institutional Characteristics. Research in Higher Education,
43(5), 555-575. https://doi.org/10.1023/A:1020114231387

Hubball, H., & Burt, H. (2007). Learning Outcomes and Program-level Evaluation in a Four-year
Undergraduate Pharmacy Curriculum. American Journal of Pharmaceutical Education,
71(5), 90.

Hudson, S. L., Jarstfer, M. B., & Persky, A. M. (2018). Student Learning with Generated and
Answered Peer-written Questions. American Journal of Pharmaceutical Education,
82(2), 6315. https://doi.org/10.5688/ajpe6315

Huitt, W., & Hummel, J. (2003). Piaget’s theory of cognitive development. Educational
Psychology Interactive, 3(2), 1-5.

Husband, A. K., Todd, A., & Fulton, J. (2014). Integrating Science and Practice in Pharmacy
Curricula. American Journal of Pharmaceutical Education, 78(3).
https://doi.org/10.5688/ajpe78363

Islam, M. A., & Schweiger, T. A. (2015). Students’ Perception of an Integrated Approach of
Teaching Entire Sequence of Medicinal Chemistry, Pharmacology, and
Pharmacotherapeutics Courses in PharmD Curriculum. Journal of Pharmacy Practice,
28(2), 220-226. https://doi.org/10.1177/0897190014544821

Islam, M. A, Talukder, R. M., Taheri, R., & Blanchard, N. (2016). Integration of Basic and Clinical
Science Courses in US PharmD Programs. American Journal of Pharmaceutical
Education, 80(10), 166. https://doi.org/10.5688/ajpe8010166

Jamieson, S. (2004). Likert scales: How to (ab)use them—Jamieson—2004—Medical
Education—Wiley Online Library. Medical Education, 38(12), 1217-1218.

Jamshed, S. (2014). Qualitative research method-interviewing and observation. Journal of Basic

and Clinical Pharmacy, 5(4), 87. https://doi.org/10.4103/0976-0105.141942

233



Jesson, J., Langley, C., Wilson, K., & Hatfield, K. (2006). Science or practice? UK undergraduate
experiences and attitudes to the MPharm degree. Pharmacy World & Science : PWS, 28,
278-283. https://doi.org/10.1007/s11096-006-9038-2

Johnstone, A. H. (1991). Why is science difficult to learn? Things are seldom what they seem.
Journal of Computer Assisted Learning, 7(2), 75-83. https://doi.org/10.1111/j.1365-
2729.1991.tb00230.x

Johnstone, A. H., & El-Banna, H. (1986). Capacities, demands and processes-a predictive
model for science education. Education in Chemistry, 23(3), 80-84.

Johnstone, A. H., & El-Banna, H. (1989). Understanding learning difficulties—A predictive
research model. Studies in Higher Education, 14(2), 159-168.
https://doi.org/10.1080/03075078912331377486

Kam, A. (2020). Greater proportion of white students awarded upper class pharmacy degrees,
compared with BAME students. The Pharmaceutical Journal, 305.
https://pharmaceutical-journal.com/article/news/greater-proportion-of-white-
students-awarded-upper-class-pharmacy-degrees-compared-with-bame-students

Kam, A., & Connelly, D. (2020). Making the MPharm fairer: What can be done about the ethnicity
awarding gap? The Pharmaceutical Journal, 305. https://pharmaceutical-
journal.com/article/feature/making-the-mpharm-fairer-what-can-be-done-about-the-
ethnicity-awarding-gap

Karimi, R., Arendt, C. S., Cawley, P., Buhler, A. V., Elbarbry, F., & Roberts, S. C. (2010). Learning
Bridge: Curricular Integration of Didactic and Experiential Education. American Journal
of Pharmaceutical Education, 74(3), 48. https://doi.org/10.5688/aj740348

Kay, A. E., Hardy, J., & Galloway, R. K. (2020). Student use of PeerWise: A multi-institutional,
multidisciplinary evaluation. British Journal of Educational Technology, 51(1), 23-35.

https://doi.org/10.1111/bjet.12754

234



Kearney, M.-C., & Larrafneta, E. (2021). Exemplar Case Studies Demonstrating Why Future
Pharmacists Need to Learn Medicinal and Analytical Chemistry. Journal of Chemical
Education. https://doi.org/10.1021/acs.jchemed.1c00705

Kellar, J., Singh, L., Bradley-Ridout, G., Martimianakis, M. A., van der Vleuten, C. P. M., oude
Egbrink, M. G. A., & Austin, Z. (2021). How pharmacists perceive their professional
identity: A scoping review and discursive analysis. International Journal of Pharmacy
Practice, 29(4), 299-307. https://doi.org/10.1093/ijpp/riab020

Kelley, K. A., Williams, V. L., & Chen, A. M. H. (2023). The Challenge of Curricular Overload in
the Pharmacy Academy. American Journal of Pharmaceutical Education, 87(9), 100079.
https://doi.org/10.1016/j.ajpe.2023.100079

Kember, D., Ho, A., & Hong, C. (2008). The importance of establishing relevance in motivating
student learning. Active Learning in Higher Education, 9(3), 249-263.
https://doi.org/10.1177/1469787408095849

Kerr, A., Kelleher, C., Pawlikowska, T., & Strawbridge, J. (2021). How can pharmacists develop
patient-pharmacist communication skills? A realist synthesis. Patient Education and
Counseling, 104(10), 2467-2479. https://doi.org/10.1016/j.pec.2021.03.010

Kerr, A., O’Connor, H., Pawlikowska, T., Gallagher, P., & Strawbridge, J. (2020). A scoping review
of health professional curricula: Implications for developing integration in pharmacy.
Research in Social and Administrative Pharmacy, 16(1), 1-16.
https://doi.org/10.1016/j.sapharm.2019.03.005

Kerr, R. A. (2000). Curricular Integration to Enhance Educational Outcomes. Pharmacotherapy:
The Journal of Human Pharmacology and Drug Therapy, 20(10P2).
https://doi.org/10.1592/phc0.20.16.292S.35007

King, D., Bellocchi, A., & Ritchie, S. M. (2008). Making Connections: Learning and Teaching
Chemistry in Context. Research in Science Education, 38(3), 365-384.

https://doi.org/10.1007/s11165-007-9070-9

235



Kirkwood, B. R., & Sterne, J. (2003). Essential Medical Statistics (2nd ed.). Blackwell Science.

Kirschner, P. A. (2002). Cognitive load theory: Implications of cognitive load theory on the
design of learning. Learning and Instruction, 12(1), 1-10. https://doi.org/10.1016/S0959-
4752(01)00014-7

Kirton, S. B., Al-Ahmad, A., & Fergus, S. (2014). Using Structured Chemistry Examinations
(SChemeEs) As an Assessment Method To Improve Undergraduate Students’ Generic,
Practical, and Laboratory-Based Skills. Journal of Chemical Education, 91(5), 648-654.
https://doi.org/10.1021/ed300491¢c

Kolluru, S., Roesch, D. M., & Akhtar de la Fuente, A. (2012). A Multi-Instructor, Team-Based,
Active-Learning Exercise to Integrate Basic and Clinical Sciences Content. American
Journal of Pharmaceutical Education, 76(2), 33. https://doi.org/10.5688/ajpe76233

Kozma, R. B., & Russell, J. (1997). Multimedia and understanding: Expert and novice responses
to different representations of chemical phenomena. Journal of Research in Science
Teaching, 34(9), 949-968. https://doi.org/10.1002/(SICl)1098-
2736(199711)34:9<949::AID-TEA7>3.0.C0O;2-U

Kozulin, A. (Ed.). (2003). Vygotsky’s educational theory in cultural context. Cambridge University
Press.

Krathwohl, D. R. (2002). A Revision of Bloom’s Taxonomy: An Overview. Theory Into Practice,
41(4), 212-218. https://doi.org/10.1207/s15430421tip4104_2

Krause, K. L. (2005). Understanding and promoting student engagement in university learning
communities. Paper presented as keynote address: Engaged, Inert or Otherwise
Occupied, 21-22. https://www.liberty.edu/center-for-academic-development/wp-
content/uploads/sites/99/2019/10/Stud_eng.pdf

Krol, E. S., & Albon, S. P. (2025). Integration of medicinal chemistry in therapeutic decision-
making: A way forward? Currents in Pharmacy Teaching and Learning, 17(2), 102229.

https://doi.org/10.1016/j.cptl.2024.102229

236



Krol, E. S., Velazquez-Martinez, C. A., Jurgens, T. M., & Albon, S. P. (2024). Medicinal chemistry
curriculum and pedagogical practices at Canadian pharmacy schools: Towards
standardization of practice. Currents in Pharmacy Teaching and Learning, 16(9),
102095. https://doi.org/10.1016/j.cptl.2024.04.011

Kruger, J., & Dunning, D. (1999). Unskilled and unaware of it: How difficulties in recognizing
one’s own incompetence lead to inflated self-assessments. Journal of Personality and
Social Psychology, 77(6), 1121-1134. https://doi.org/10.1037/0022-3514.77.6.1121

Kuh, G. D., Cruce, T. M., Shoup, R., Kinzie, J., & Gonyea, R. M. (2008). Unmasking the Effects of
Student Engagement on First-Year College Grades and Persistence. The Journal of
Higher Education, 79(5), 540-563. https://doi.org/10.1080/00221546.2008.11772116

Kulasegaram, K. M., Martimianakis, M. A., Mylopoulos, M., Whitehead, C. R., & Woods, N. N.
(2013). Cognition Before Curriculum: Rethinking the Integration of Basic Science and
Clinical Learning. Academic Medicine, 88(10), 1578.
https://doi.org/10.1097/ACM.0b013e3182a45def

Lave, J., & Wenger, E. (1991). Situated Learning: Legitimate Peripheral Participation. Cambridge
University Press.

Leal Filho, W., Wall, T., Rayman-Bacchus, L., Mifsud, M., Pritchard, D. J., Lovren, V. O., Farinha,
C., Petrovic, D. S., & Balogun, A.-L. (2021). Impacts of COVID-19 and social isolation on
academic staff and students at universities: A cross-sectional study. BMC Public
Health, 21(1), 1213. https://doi.org/10.1186/s12889-021-11040-z

Leong, E., Mercer, A., Danczak, S. M., Kyne, S. H., & Thompson, C. D. (2021). The transition to
first year chemistry: Student, secondary and tertiary educator’s perceptions of student
preparedness. Chemistry Education Research and Practice, 10.1039.D1RP00068C.

https://doi.org/10.1039/D1RP00068C

237



Levy Nahum, T., Mamlok-Naaman, R., Hofstein, A., & Taber, K. S. (2010). Teaching and learning
the concept of chemical bonding. Studies in Science Education, 46(2), 179-207.
https://doi.org/10.1080/03057267.2010.504548

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage.

Livingston. (2003). Metacognition: An Overview. https://files.eric.ed.gov/fulltext/ED474273.pdf

Lowe, H., & Cook, A. (2003). Mind the Gap: Are students prepared for higher education? Journal
of Further and Higher Education, 27(1), 53-76.
https://doi.org/10.1080/03098770305629

Luiz Adrian, J. A., Zeszotarski, P., & Ma, C. (2015). Developing Pharmacy Student
Communication Skills through Role-Playing and Active Learning. American Journal of
Pharmaceutical Education, 79(3), 44. https://doi.org/10.5688/ajpe79344

Lynam, S., Cachia, M., & Stock, R. (2024). An evaluation of the factors that influence academic
success as defined by engaged students. Educational Review, 76(3), 586-604.
https://doi.org/10.1080/00131911.2022.2052808

Mar, E., Barnett, M. J., T-L Tang, T., Sasaki-Hill, D., Kuperberg, J. R., & Knapp, K. (2010). Impact
of Previous Pharmacy Work Experience on Pharmacy School Academic Performance.
American Journal of Pharmaceutical Education, 74(3), 42.
https://doi.org/10.5688/aj740342

Markle, G. (2015). Factors Influencing Persistence Among Nontraditional University Students.
Adult Education Quarterly, 65(3), 267-285. https://doi.org/10.1177/0741713615583085

Marriott, J., Styles, K., & McDowell, J. (2012). The Pharmville Community: A Curriculum
Resource Platform Integrating Context and Theory. American Journal of Pharmaceutical
Education, 76(9), 178. https://doi.org/10.5688/ajpe769178

Martin, A. J., Ginns, P., & Papworth, B. (2017). Motivation and engagement: Same or different?
Does it matter? Learning and Individual Differences, 55, 150-162.

https://doi.org/10.1016/j.lindif.2017.03.013

238



Martini, L., Lawrence, J., & Barlow, D. (2014). Science and practice components of pharmacy
are mutually interdependent. The Pharmaceutical Journal. https://pharmaceutical-
journal.com/article/letters/science-and-practice-components-of-pharmacy-are-
mutually-interdependent

Marton, F., & Saljo, R. (1976). ON QUALITATIVE DIFFERENCES IN LEARNING: —OUTCOME AND
PROCESS*. British Journal of Educational Psychology, 46(1), 4-11.
https://doi.org/10.1111/j.2044-8279.1976.tb02980.x

Mattimoe, R., Hayden, M., Murphy, B., & Ballantine, J. (2021). Approaches to Analysis of
Qualitative Research Data: A Reflection on the Manual and Technological Approaches.
Accounting, Finance & Governance Review, 27(1), 1-16.

Mawdsley, A., & Willis, S. (2018). Exploring an integrated curriculum in pharmacy: Educators’
perspectives. Currents in Pharmacy Teaching and Learning, 10(3), 373-381.
https://doi.org/10.1016/j.cptl.2017.11.017

Mawdsley, A., & Willis, S. (2019). Exploring an integrated curriculum in pharmacy: Students’
perspectives on the experienced curriculum and pedagogies supporting integrative
learning. Currents in Pharmacy Teaching and Learning, 11(5), 450-460.
https://doi.org/10.1016/j.cptl.2019.02.006

Mayer, R. E. (2002). Rote Versus Meaningful Learning. Theory Into Practice, 41(4), 226-232.
https://doi.org/10.1207/s15430421tip4104_4

Mc Goldrick, N. B., Marzec, B., Scully, P. N., & Draper, S. M. (2013). Implementing a
Multidisciplinary Program for Developing Learning, Communication, and Team-Working
Skills in Second-Year Undergraduate Chemistry Students. Journal of Chemical
Education, 90(3), 338-344. https://doi.org/10.1021/ed200643g

Mcnabb, R., Pal, S., & Sloane, P. (2002). Gender Differences in Educational Attainment: The
Case of University Students in England and Wales. Economica, 69, 481-503.

https://doi.org/10.1111/1468-0335.00295

239



Meinck, S., & Brese, F. (2019). Trends in gender gaps: Using 20 years of evidence from TIMSS.
Large-Scale Assessments in Education, 7(1), 8. https://doi.org/10.1186/s40536-019-
0076-3

Micallef, B. (2025). Enhancing curriculum relevance and student engagement: The role of
lecturers as agents of change in higher education. Frontiers in Education, 10, 1580611.
https://doi.org/10.3389/feduc.2025.1580611

Miles, M. B., Huberman, A. M., & Saldana, J. (2020). Qualitative data analysis: A methods
sourcebook (Fourth edition). SAGE.

Miller, G. E. (1990). The assessment of clinical skills/competence/performance: Academic
Medicine, 65(9), S63-7. https://doi.org/10.1097/00001888-199009000-00045

Miller, L. N., & Mercer, S. L. (2017). Drugs of Abuse and Addiction: An integrated approach to
teaching. Currents in Pharmacy Teaching and Learning, 9(3), 405-414.
https://doi.org/10.1016/j.cptl.2017.01.003

Mobley, W. C., Harrold, M. W., Hall, J. M., Oliveira, M. A., & Bloom, T. J. (2024). The Role of
Biomedical and Pharmaceutical Sciences in Pharmacy Education and Practice.
American Journal of Pharmaceutical Education, 88(12), 101312.
https://doi.org/10.1016/j.ajpe.2024.101312

Montayre, J., Ramjan, L. M., Maneze, D., Ho, M.-H., Maceri, A., & Salamonson, Y. (2021).
“Connecting the dots” — The transfer of bioscience knowledge by new graduate nurses
to the clinical setting: A qualitative study. Nurse Education Today, 97, 104729.
https://doi.org/10.1016/j.nedt.2020.104729

Morgan, D. (1996). Focus Groups. Annual Review of Sociology, 22(1), 129-152.
https://doi.org/10.1146/annurev.soc.22.1.129

Morgan, D. (1997). Focus Groups as Qualitative Research. SAGE Publications.

Morgan, D. (2016). A System for Coding the Interaction in Focus Groups and Dyadic Interviews.

The Qualitative Review, Forthcoming.

240



Morgan, M. (2013). Improving the Student Experience: A Practical Guide for Universities and
Colleges. Routledge.

Morse, J. M. (1991). Approaches to Qualitative-Quantitative Methodological Triangulation:
Nursing Research, 40(2), 120???123. https://doi.org/10.1097/00006199-199103000-
00014

Mortari, L. (2015). Reflectivity in Research Practice: An Overview of Different Perspectives.
International Journal of Qualitative Methods, 14(5), 1609406915618045.
https://doi.org/10.1177/1609406915618045

Murphy, H., & Roopchand, N. (2003). Intrinsic Motivation and Self-esteem in Traditional and
Mature Students at a Post-1992 University in the North-east of England. Educational
Studies, 29(2-3), 243-259. https://doi.org/10.1080/03055690303278

Nazar, H., Khan, A., Nazar, Z., & Husband, A. (2019). A systematic review to investigate student
performance and their learning experiences within integrated healthcare curricula
[Preprint]. In Review. https://doi.org/10.21203/rs.2.10224/v1

Nelson, E. (2015). Opening Up to Student Voice: Supporting Teacher Learning Through
Collaborative Action Research. LEARNiIng Landscapes, 8(2), 285-299.
https://doi.org/10.36510/learnland.v8i2.709

NHS. (2000). The NHS Plan: A plan for investment, a plan for reform. Department of Health.
https://webarchive.nationalarchives.gov.uk/ukgwa/+/www.dh.gov.uk/en/publicationsa
ndstatistics/publications/publicationspolicyandguidance/dh_4002960

NHS. (2023). The NHS Constitution for England. GOV.UK.
https://www.gov.uk/government/publications/the-nhs-constitution-for-england/the-
nhs-constitution-for-england

NHS England. (2019, January 7). NHS England » The NHS Long Term Plan.

https://www.england.nhs.uk/publication/the-nhs-long-term-plan/

241



NHS England. (2023, June 30). NHS England » NHS Long Term Workforce Plan.
https://www.england.nhs.uk/publication/nhs-long-term-workforce-plan/

Nicol, D. J., & Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A
model and seven principles of good feedback practice. Studies in Higher Education,
31(2), 199-218. https://doi.org/10.1080/03075070600572090

Norman, G. (2009). Teaching basic science to optimize transfer. Medical Teacher, 31(9), 807-
811. https://doi.org/10.1080/01421590903049814

Novak, J. D. (1984). Application of advances in learning theory and philosophy of science to the
improvement of chemistry teaching. Journal of Chemical Education, 61(7), 607.
https://doi.org/10.1021/ed061p607

Novak, J. D. (2002). Meaningful learning: The essential factor for conceptual change in limited or
inappropriate propositional hierarchies leading to empowerment of learners. Science
Education, 86(4), 548-571. https://doi.org/10.1002/sce.10032

Novak, J. D. (2010). Learning, creating, and using knowledge: Concept maps as facilitative tools
in schools and corporations (2nd ed). Routledge.
https://doi.org/10.4324/9780203862001

Novak, J. D., & Cafas, A. J. (2006). The Theory Underlying Concept Maps and How to Construct
and Use Them. Florida Institute for Human and Machine Cognition, 1(1), 1-31.

NSSE. (2021). NSSE. NSSE: Evidence-Based Improvement in Higher Education: Indiana
University. https://nsse.indiana.edu/nsse/index.html

O’Brien, B. C., & Battista, A. (2020). Situated learning theory in health professions education
research: A scoping review. Advances in Health Sciences Education, 25(2), 483-509.
https://doi.org/10.1007/s10459-019-09900-w

OfS. (2020). Mature students. Office for Students.
https://www.officeforstudents.org.uk/advice-and-guidance/promoting-equal-

opportunities/effective-practice/mature-students/

242



OfS. (2021). How do student outcomes vary by disability status? - Office for Students.
Differences in Student Outcomes. https://www.officeforstudents.org.uk/data-and-
analysis/differences-in-student-outcomes/disability/

OfS. (2022). Schools, Attainment and the role of higher education. Office for Students.
https://www.officeforstudents.org.uk/publications/schools-attainment-and-the-role-
of-higher-education/

OfS. (2024). Student characteristics data: Outcomes data dashboard—Office for Students.
Office for Students. https://www.officeforstudents.org.uk/data-and-analysis/student-
characteristics-data/outcomes-data-dashboard/

OfS. (2025). Student engagement—Office for Students. Office for Students.
https://www.officeforstudents.org.uk/for-students/understanding-students/student-
engagement/

Ofstad, W., & Brunner, L. J. (2013). Team-Based Learning in Pharmacy Education. American
Journal of Pharmaceutical Education, 77(4), 70. https://doi.org/10.5688/ajpe77470

Olmsted, J. A. I. (1998). Synthesis of Aspirin: A General Chemistry Experiment. Journal of
Chemical Education, 75(10), 1261. https://doi.org/10.1021/ed075p1261

Overton, T. (2016). Context and problem-based learning. New Directions in the Teaching of
Physical Sciences, (3), 7-12. https://doi.org/10.29311/ndtps.v0i3.409

Oyler, D. R., Romanelli, F., Piascik, P., & Cain, J. (2016). Practical Insights for the Pharmacist
Educator on Student Engagement. American Journal of Pharmaceutical Education,
80(8), 143. https://doi.org/10.5688/ajpe808143

Pangaro, L. (2010). The Role and Value of the Basic Sciences in Medical Education: The
Perspective of Clinical Education -Students’ Progress from Understanding to Action.
Medical Science Educator, 20(3). https://www.iamse.org/mse-article/the-role-and-
value-of-the-basic-sciences-in-medical-education-the-perspective-of-clinical-

education-students-progress-from-understanding-to-action/

243



Parchmann, I., Grasel, C., Baer, A., Nentwig, P., Demuth, R., & Ralle, B. (2006). “Chemie im
Kontext”: A symbiotic implementation of a context-based teaching and learning
approach. International Journal of Science Education, 28(9), 1041-1062.
https://doi.org/10.1080/09500690600702512

Parchmann, I., Simon, S., & Apotheker, J. (2020). Advances in Chemistry Education series:
Engaging learners with Chemistry (1st ed.). Royal Society of Chemistry.

Pearson, M. L., & Hubball, H. T. (2012). Curricular Integration in Pharmacy Education. American
Journal of Pharmaceutical Education, 76(10), 204. https://doi.org/10.5688/ajpe7610204

PeerWise. (2024). PeerWise—Publications. PeerWise.
https://peerwise.cs.auckland.ac.nz/docs/publications/

Peerwise. (2025). PeerWise. Peerwise. peerwise.cs.auckland.ac.nz

PeerWise—Documentation. (2018).
https://peerwise.cs.auckland.ac.nz/docs/community/scoring_for_fun_and_extra_credi
t/

Perrie, Y. (2014). Science is the backbone of the pharmacy profession. The Pharmaceutical
Journal. https://pharmaceutical-journal.com/article/letters/science-is-the-backbone-
of-the-pharmacy-profession

Persky, A. M., Medina, M. S., & Castleberry, A. N. (2019). Developing Critical Thinking Skills in
Pharmacy Students. American Journal of Pharmaceutical Education, 83(2), 7033.
https://doi.org/10.5688/ajpe7033

Porter, S. R., & Whitcomb, M. E. (2005). Non-response in student surveys: The Role of
Demographics, Engagement and Personality. Research in Higher Education, 46(2), 127-
152. https://doi.org/10.1007/s11162-004-1597-2

Prescott, J., Wilson, S. E., & Wan, K.-W. (2014). Pharmacy Students’ Perceptions of Natural
Science and Mathematics Subjects. American Journal of Pharmaceutical Education,

78(6), 118. https://doi.org/10.5688/ajpe786118

244



Proudfoot, K. (2023). Inductive/Deductive Hybrid Thematic Analysis in Mixed Methods
Research. Journal of Mixed Methods Research, 17(3), 308-326.
https://doi.org/10.1177/15586898221126816

Pulukuri, S., & Abrams, B. (2021). Improving Learning Outcomes and Metacognitive Monitoring:
Replacing Traditional Textbook Readings with Question-Embedded Videos. Journal of
Chemical Education, 98(7), 2156-2166. https://doi.org/10.1021/acs.jchemed.1c00237

QAA. (2018). Student Engagement. Quality Assurance Agency. https://www.qaa.ac.uk/the-
quality-code/2018/advice-and-guidance-18/student-engagement

QAA. (2021). Higher Education Credit Framework for England: Advice on Academic Credit
Arrangements. https://www.qaa.ac.uk/docs/qaa/quality-code/higher-education-credit-
framework-for-england.pdf

Qenani, E., MacDougall, N., & Sexton, C. (2014). An empirical study of self-perceived
employability: Improving the prospects for student employment success in an uncertain
environment. Active Learning in Higher Education, 15(3), 199-213.
https://doi.org/10.1177/1469787414544875

Race, P. (2019). The Lecturer’s Toolkit. Routledge.

Race, P., Brown, S., & Smith, B. (2005). 500 tips on assessment (2nd ed.). Routledge.

Ramsden, P. (2003). Learning to teach in higher education. Routledge.

Ratka, A. (2012). Integration as a paramount educational strategy in academic pharmacy.
American Journal of Pharmaceutical Education, 76(2).

Rees, S. W., Kind, V., & Newton, D. (2018). Can language focussed activities improve
understanding of chemical language in non-traditional students? Chemistry Education
Research and Practice, 19(3), 755-766. https://doi.org/10.1039/C8RP00070K

Reid, N. (2008). A scientific approach to the teaching of chemistry. What do we know about how

students learn in the sciences, and how can we make our teaching match this to

245



maximise performance? Chem. Educ. Res. Pract., 9(1), 51-59.
https://doi.org/10.1039/B801297K

Reid, N. (2009). Working memory and science education: Conclusions and implications.
Research in Science & Technological Education, 27(2), 245-250.
https://doi.org/10.1080/02635140902853681

Rethans, J.-J., Norcini, J. J., Baron-Maldonado, M., Blackmore, D., Jolly, B. C., LaDuca, T., Lew,
S., Page, G. G., & Southgate, L. H. (2002). The relationship between competence and
performance: Implications for assessing practice performance. Medical Education,
36(10), 901-909. https://doi.org/10.1046/j.1365-2923.2002.01316.x

Ribeiro, L., Severo, M., Pereira, M., & Ferreira, M. A. (2015). Scientific Skills as Core
Competences in Medical Education: What do medical students think? International
Journal of Science Education, 37(12), 1875-1885.
https://doi.org/10.1080/09500693.2015.1054919

Richardson, J. T. E. (1994). Mature students in higher education: I. A literature survey on
approaches to studying. Studies in Higher Education, 19(3), 309-325.
https://doi.org/10.1080/03075079412331381900

Richardson, M., Abraham, C., & Bond, R. (2012). Psychological correlates of university
students’ academic performance: A systematic review and meta-analysis.
Psychological Bulletin, 138(2), 353-387. https://doi.org/10.1037/a0026838

Roche, V. F. (2006). The Chemically Elegant Proton Pump Inhibitors. American Journal of
Pharmaceutical Education, 70(5), 101.

Roche, V. F. (2009). A Receptor-Grounded Approach to Teaching Nonsteroidal
Antiinflammatory Drug Chemistry and Structure-Activity Relationships. American
Journal of Pharmaceutical Education, 73(8), 143.

Roche, V. F., & Alsharif, N. Z. (2002). Staying Alive. Advancing Medicinal Chemistry by

Enhancing Student Responsibility for Learning. 66, 11.

246



Roche, V. F., Alsharif, N. Z., & Ogunbadeniyi, A. M. (2004). Reinforcing the relevance of
chemistry to the practice of pharmacy through the Who Wants to Be a Med Chem
Millionaire? Learning game. Am J Pharm Educ, 68(5), 116.

Roche, V. F., Davis, P. J., Pankaskie, M. C., Currie, B. L., Roche, E. B., Sindelar, R. D., Wynn, J.
E., & Zito, S. W. (2000). The Status of Chemistry Content in the Professional Pharmacy
Curriculum: Results of a National Survey. 64.

Rockich-Winston, N. (2017). Toward a pharmacy curriculum theory: Spiral integration for
pharmacy education. International Journal of Medical Education, 8, 61-62.
https://doi.org/10.5116/ijme.58a8.0381

Roediger, H. L., & Butler, A. C. (2011). The critical role of retrieval practice in long-term
retention. Trends in Cognitive Sciences, 15(1), 20-27.
https://doi.org/10.1016/j.tics.2010.09.003

Romanelli, F. (2020). Curricular Hoarding. American Journal of Pharmaceutical Education,
84(1), 847714. https://doi.org/10.5688/ajpe847714

Rosch, P. J. (1998). Integrative thinking: The essence of good medical education and practice.
Integrative Physiological and Behavioral Science, 33(2), 141-150.
https://doi.org/10.1007/BF02688659

Rouse, M. J. (2004). Continuing Professional Development in Pharmacy. Journal of the
American Pharmacists Association, 44(4), 517-520.
https://doi.org/10.1331/1544345041475634

Royal Society. (2023). Science Education Tracker 2023. The Royal Society.
https://royalsociety.org/news-resources/projects/science-education-tracker/

RPS. (2019). Pharmacy Careers Information. Pharmacy Careers Information | Royal

Pharmaceutical Society. https://www.rpharms.com/pharmacycareers

247



RPS. (2024). Closing the awarding and attainment gap for Black trainees in pharmacy. Royal
Pharmaceutical Society. https://www.rpharms.com/recognition/all-our-
campaigns/policy-a-z/differential-attainment

Rust, C. (2002). The Impact of Assessment on Student Learning: How Can the Research
Literature Practically Help to Inform the Development of Departmental Assessment
Strategies and Learner-Centred Assessment Practices? Active Learning in Higher
Education, 3(2), 145-158. https://doi.org/10.1177/1469787402003002004

Rust, C., Price, M., & O’Donovan, B. (2003). Improving Students’ Learning by Developing their
Understanding of Assessment Criteria and Processes. Assessment & Evaluation in
Higher Education, 28(2), 147-164. https://doi.org/10.1080/02602930301671

Ryan, B. (2013). Line up, line up: Using technology to aligh and enhance peer learning and
assessment in a student centred foundation organic chemistry module. Chem. Educ.
Res. Pract., 14(3), 229-238. https://doi.org/10.1039/C3RP20178C

Ryan, R. M., & Deci, E. L. (2000). Intrinsic and Extrinsic Motivations: Classic Definitions and New
Directions. Contemporary Educational Psychology, 25(1), 54-67.
https://doi.org/10.1006/ceps.1999.1020

Ryan, T.J., Ryder, S. A., D’Arcy, D. M., Quigley, J. M., Ng, N. N., Ong, W. Q., Tey, Z. H., O’Dwyer,
M., & Walsh, J. J. (2020). Development of Professional Attributes through Integration of
Science and Practice at First-Year Pharmacy Level. Pharmacy (Basel, Switzerland), 9(1),
4. https://doi.org/10.3390/pharmacy9010004

Sambell, K., & Hubbard, A. (2004). The Role of Formative ‘Low-stakes’ Assessmentin
Supporting Non-traditional Students’ Retention and Progression in Higher Education:
Student Perspectives. Widening Participation and Lifelong Learning, 6(2), 25-36.

Sander, P., & Sanders, L. (2009). Measuring academic behavioural confidence: The ABC scale
revisited. Studies in Higher Education, 34(1), 19-35.

https://doi.org/10.1080/03075070802457058

248



Sanders, L., Sander, P., & Mercer, J. (2009). Rogue Males? Approaches to Study and Academic
Performance of Male Psychology Students. Psychology Teaching Review, 15(1), 3-17.

Sands, D., & Overton, T. (2010). Cognitive psychology and problem solving in the physical
sciences. New Directions in the Teaching of Physical Sciences, (6), Article 6.
https://doi.org/10.29311/ndtps.v0i6.374

Santana, G., Kruczek, C., & Villalobos, A. (2025). Bridging the gap: Standardized patient
encounters as a means to apply foundational science knowledge to clinical
applications. Physiology, 40(S1), 1715.
https://doi.org/10.1152/physiol.2025.40.51.1715

Sattenstall, M., & Freeman, S. (2009). Integrated learning: An EBL approach to pharmaceutical
chemistry. Pharmacy Education, 9.
https://pharmacyeducation.fip.org/pharmacyeducation/article/view/277

Savage, L. M., Beall, J. W., & Woolley, T. W. (2009). Factors That Influence the Career Goals of
Pharmacy Students. American Journal of Pharmaceutical Education, 73(2), 28.
https://doi.org/10.5688/aj730228

Schmidt, H. G., Rotgans, J. I., & Yew, E. H. (2011). The process of problem-based learning: What
works and why. Medical Education, 45(8), 792-806. https://doi.org/10.1111/j.1365-
2923.2011.04035.x

Schmidt, H., & Rikers, R. M. J. P. (2007). How expertise develops in medicine: Knowledge
encapsulation and illness script formation. Medical Education, (41), 1133-1139.

Schneider, J., & Hutt, E. (2014). Making the grade: A history of the A-F marking scheme. Journal
of Curriculum Studies, 46(2), 201-224. https://doi.org/10.1080/00220272.2013.790480

Schulz, R. (2014). Rethinking Science Education: Philosophical Perspectives.
https://ebookcentral.proquest.com/lib/herts/detail.action?doclD=33160448&pq-

origsite=summon

249



Schunk, D. H., Meece, J. L., & Pintrich, P. R. (2014). Motivation in Education: Theory, Research,
and Applications. Pearson.

Seale, C. (1999). The Quality of Qualitative Research (1st ed.). SAGE Publications.
https://doi.org/10.4135/9780857020093

Seale, J. (2010). Doing student voice work in higher education: An exploration of the value of
participatory methods. British Educational Research Journal, 36(6), 995-1015.

Seery, M. K. (2009). The role of prior knowledge and student aptitude in undergraduate
performance in chemistry: A correlation-prediction study. Chemistry Education
Research and Practice, 10(3), 227. https://doi.org/10.1039/b914502h

Seery, M. K., Agustian, H. Y., Christiansen, F. V., Gammelgaard, B., & Malm, R. H. (2024). 10
Guiding principles for learning in the laboratory. Chemistry Education Research and
Practice, 25(2), 383-402. https://doi.org/10.1039/D3RP00245D

Senhaji-Tomza, B., Unni, E., Ng, K. E., & Lonie, J. M. (2023). Pharmacy student perceptions of
remote learning and wellness during the pandemic: Lessons learned from a
metropolitan commuter city. Currents in Pharmacy Teaching and Learning.
https://doi.org/10.1016/j.cptl.2023.02.018

Shulman, L. S. (1986). Those Who Understand: Knowledge Growth in Teaching. Educational
Researcher, 15(2), 4-14. https://doi.org/10.3102/0013189X015002004

Silberman, D., Carpenter, R., Takemoto, J. K., & Coyne, L. (2021). The impact of team-based
learning on the critical thinking skills of pharmacy students. Currents in Pharmacy
Teaching and Learning, 13(2), 116-121. https://doi.org/10.1016/j.cptl.2020.09.008

Simonson, S. R. (2023). POGIL: An introduction to process oriented guided inquiry learning for
those who wish to empower learners. Taylor & Francis.
https://books.google.com/books?hl=en&lr=&id=cA7JEAAAQBAJ&oi=fnd&pg=PA1969&d

g=pogil+by+shawn+simonson&ots=UvKuVNTTr8&sig=q-pPWK7Gnrfrl88lZekAEfTXvfc

250



Singh, V., Samuel, M. A., & Wassermann, J. (2020). Pharmacy educators’ views on graduate
attributes and case-based learning in an undergraduate degree. Currents in Pharmacy
Teaching and Learning, 12(7), 893-900. https://doi.org/10.1016/j.cptl.2020.02.013

Singhal, M. K. (2020). Facilitating Virtual Medicinal Chemistry Active Learning Assignments
Using Advanced Zoom Features during COVID-19 Campus Closure. Journal of Chemical
Education, 97(9), 2711-2714. https://doi.org/10.1021/acs.jchemed.0c00675

Skau, K. (2007). Pharmacy Is a Science-based Profession. American Journal of Pharmaceutical
Education, 71(1), 11. https://doi.org/10.5688/aj710111

Slavin, S., & D’Eon, M. F. (2021). Overcrowded curriculum is an impediment to change (Part B).
Canadian Medical Education Journal, 12(5), 1-5. https://doi.org/10.36834/cmej.73813

Smith. (2010). Research Methods in Pharmacy Practice (2nd ed.). Pharmaceutical Press.
https://www.amazon.co.uk/Research-Methods-Pharmacy-Practice-
Felicity/dp/0853694818

Smith, C. D., Dai, A., Kenwright, D., & Grainger, R. (2020). PeerWise and Pathology:
Discontinuing a teaching innovation that did not achieve its potential. MedEdPublish, 1.
https://doi.org/10.15694/mep.2020.000027.1

Smith, C. J. (2012). Improving the school-to-university transition: Using a problem-based
approach to teach practical skills whilst simultaneously developing students’
independent study skills. Chemistry Education Research and Practice, 13(4), 490-499.
https://doi.org/10.1039/C2RP20096A

Smith, & Darracott, R. (2011). Modernising Pharmacy Careers Programme: Review of
pharmacist undergraduate education and pre-registration training and proposals for
reform. Medical Education England.

Smith, J. R., Chungh, M. K., Sadouq, S., & Kandiah, A. (2017). Learners’ Perspectives on Pure

Science Content in Vocational Degree Programmes: Chemistry for Pharmacists.

251



Science Education International, 28(3), Article 3.
https://www.icaseonline.net/journal/index.php/sei/article/view/15

Sobieraj, D. M., Chen, A. M. H., Luciano, J. L., Bechtol, R. A., & Kelsch, M. P. (2024). Exploring
Tools to Manage Curricular Content and Overload Within the Professional PharmD
Program. American Journal of Pharmaceutical Education, 88(10), 101276.
https://doi.org/10.1016/j.ajpe.2024.101276

Sodervik, I., Hanski, L., & Katajavuori, N. (2020). RESEARCH ARTICLE: First-year pharmacy
students’ prior knowledge correlates with study progress and reveals different
dynamics of misconceptions. Pharmacy Education, 20, 94-102.
https://doi.org/10.46542/pe.2020.201.94102

Soltis, R., Verlinden, N., Kruger, N., Carroll, A., & Trumbo, T. (2015). Process-Oriented Guided
Inquiry Learning Strategy Enhances Students’ Higher Level Thinking Skills in a
Pharmaceutical Sciences Course. American Journal of Pharmaceutical Education, 8.

Sosabowski, M. H., & Gard, P. R. (2008). Pharmacy Education in the United Kingdom. American
Journal of Pharmaceutical Education, 72(6), 130.

Sozbilir, M. (2004). What Makes Physical Chemistry Difficult? Perceptions of Turkish Chemistry
Undergraduates and Lecturers. Journal of Chemical Education, 81(4), 573.
https://doi.org/10.1021/ed081p573

Steinmayr, R., & Spinath, B. (2009). The importance of motivation as a predictor of school
achievement. Learning and Individual Differences, 19(1), 80-90.
https://doi.org/10.1016/j.lindif.2008.05.004

Strohfeldt, K. (2019). The power of the virtual client — using problem-based learning as a tool for
integration in a pharmaceutical sciences laboratory course. Higher Education

Pedagogies, 4(1), 462-475. https://doi.org/10.1080/23752696.2019.1686647

252



Stuckey, M., Hofstein, A., Mamlok-Naaman, R., & Eilks, I. (2013). The meaning of ‘relevance’ in
science education and its implications for the science curriculum. Studies in Science
Education, 49(1), 1-34. https://doi.org/10.1080/03057267.2013.802463

Sun, D., Kinney, J., Hintz, A., Beck, M., & Chen, A. M. H. (2023). Advancing Pharmacy Education
by Moving From Sequenced “Integration” to True Curricular Integration. American
Journal of Pharmaceutical Education, 87(6), 100056.
https://doi.org/10.1016/j.ajpe.2023.100056

Sweller, J. (2011). Cognitive Load Theory. In Psychology of Learning and Motivation (Vol. 55, pp.
37-76). Elsevier. https://doi.org/10.1016/B978-0-12-387691-1.00002-8

Symington, D., & Kirkwood, V. (1996). Lecturer Perceptions of Student Difficulties in a First-Year
Chemistry Course. Journal of Chemical Education, 73(4), 339.
https://doi.org/10.1021/ed073p339

Szpunar, K. K., Moulton, S. T., & Schacter, D. L. (2013). Mind wandering and education: From the
classroom to online learning. Frontiers in Psychology, 4.
https://doi.org/10.3389/fpsyg.2013.00495

Taber, K. (2000). Chemistry lessons for universities?: A review of constructivist ideas. University
Chemistry Education, 4(2), 63-72.

Taber, K. (2002). Chemical Misconceptions: Prevention, Diagnosis and Cure. Royal Society of
Chemistry.

Taber, K. (2013). Revisiting the chemistry triplet: Drawing upon the nature of chemical
knowledge and the psychology of learning to inform chemistry education. Chem. Educ.
Res. Pract., 14(2), 156-168. https://doi.org/10.1039/C3RP00012E

Talanquer, V. (2011). Macro, Submicro, and Symbolic: The many faces of the chemistry
“triplet”. International Journal of Science Education, 33(2), 179-195.

https://doi.org/10.1080/09500690903386435

253



Talasaz, A. H., Donohoe, K. L., Van Tassell, B., Truong, A., Shaunak, A., Wayne, A., Brenner, A.,
Cherian, B., Long, B., Clemons, B., Cason, C., Hoang, C. C., Tran, C., Dent, D., Quinn,
E., Allegra, A. G., Price, G., Sharp, H., Nguyen, H., ... Yousufzai, Y. (2023). Curriculum
mapping of accredited pharmacy programs in the United States. Currents in Pharmacy
Teaching and Learning, 15(7), 661-665. https://doi.org/10.1016/j.cptl.2023.06.017

Tan, C. Y. (2024). Socioeconomic Status and Student Learning: Insights from an Umbrella
Review. Educational Psychology Review, 36(4), 100. https://doi.org/10.1007/s10648-
024-09929-3

Tang, K. C., & Davis, A. (1995). Critical factors in the determination of focus group size. Family
Practice, 12(4), 474-475. https://doi.org/10.1093/fampra/12.4.474

Tanner, K. D. (2012). Promoting Student Metacognition. CBE—Life Sciences Education, 11(2),
113-120. https://doi.org/10.1187/cbe.12-03-0033

Tashakkori, A., Johnson, R. B., & Teddlie, C. (2021). Foundations of Mixed Methods Research.
SAGE Publications Ltd.

Taylor, K. M. G., & Harding, G. (2016). Pharmacy Practice (2nd ed.). Routledge.

The Pharmacy Order, 231 (2010).
https://www.legislation.gov.uk/uksi/2010/231/contents/made

Thomas, L., Kift, S., & Shah, M. (2021). Student Retention and Success in Higher Education. In
M. Shah, S. Kift, & L. Thomas (Eds.), Student Retention and Success in Higher Education
(pp. 1-16). Springer International Publishing. https://doi.org/10.1007/978-3-030-80045-
1_1

Tinto, V. (2012). Leaving College: Rethinking the Causes and Cures of Student Attrition by
Vincent Tinto (4-Jan-2013) Paperback (2nd ed.). The University of Chicago Press.

Toklu, H. Z., & Hussain, A. (2013). The changing face of pharmacy practice and the need for a
new model of pharmacy education. Journal of Young Pharmacists, 5(2), 38-40.

https://doi.org/10.1016/j.jyp.2012.09.001

254



Tomlinson, A., Simpson, A., &Killingback, C. (2023). Student expectations of teaching and
learning when starting university: A systematic review. Journal of Further and Higher
Education, 47(8), 1054-1073. https://doi.org/10.1080/0309877X.2023.2212242

Topping, K. J. (2009). Peer Assessment. Theory Into Practice, 48(1), 20-27.
https://doi.org/10.1080/00405840802577569

Trippier, P. C. (2018). Molecule of the Month: Relating Organic Chemistry Principles to Drug
Action. Journal of Chemical Education, 95(7), 1112-1117.
https://doi.org/10.1021/acs.jchemed.8b00120

Trowler, V. (2010). Student Engagement Literature Review. Higher Education Academy.
https://www.improvingthestudentexperience.com/wp-
content/uploads/library/UG_documents/StudentEngagementLiteratureReview_2010.p
df

Trujillo, J. M., & Cain, J. (2023). Simplifying the PharmD Curriculum. American Journal of
Pharmaceutical Education, 87(7), 100029. https://doi.org/10.1016/j.ajpe.2022.09.004

Tsekhmister, Y. (2023). Effectiveness of case-based learning in medical and pharmacy
education: A meta-analysis. Electronic Journal of General Medicine, 20(5), em515.
https://doi.org/10.29333/ejgm/13315

Tsingos, C., Bosnic-Anticevich, S., & Smith, L. (2014). Reflective Practice and Its Implications
for Pharmacy Education. American Journal of Pharmaceutical Education, 78(1), 18.
https://doi.org/10.5688/ajpe78118

Tweddell, S., Clark, D., & Nelson, M. (2016). Team-based learning in pharmacy: The faculty
experience. Currents in Pharmacy Teaching and Learning, 8(1), 7-17.
https://doi.org/10.1016/j.cptl.2015.09.008

Tweddell, S. J., & Purvis, J. R. (2025). Using educational evidence and learning theories to design
a pharmacy curriculum. International Journal of Pharmacy Practice, riaf079.

https://doi.org/10.1093/ijpp/riaf079

255



UCAS. (2021). Widening access and participation. UCAS.
https://www.ucas.com/advisers/guides-resources-and-training/tools-and-resources-
help-you/widening-access-and-participation

UCL. (2025). UCL partners with Newgiza University to help shape medical education in Cairo |
UCL Faculty of Life Sciences—UCL - University College London. UCL Newgia Univeristy.
https://www.ucl.ac.uk/lifesciences-faculty/case-studies/2021/apr/ucl-partners-
newgiza-university-help-shape-medical-education-cairo

UH. (2025). Initial Year for Extended Degree in Science—Biomedical and Healthcare Science.
https://www.herts.ac.uk/courses/undergraduate/initial-year-for-extended-degree-in-
science-biomedical-and-healthcare-science2

UH-GAF. (2025). GAF Master of Pharmacy programme. UH - GAF MPharm.
https://www.gaf.edu.eg/programmes/mpharm-pharmacy

University of Hertfordshire. (2024). Access and Participation | About Us | Uni of Herts.
https://www.herts.ac.uk/about-us/supporting-our-students/widening-access-and-
student-success/access-and-participation

University of Hertfordshire. (2025a). Programme specification for BSc Pharmaceutical Science.
https://www.herts.ac.uk/courses/undergraduate/pharmaceutical-science

University of Hertfordshire. (2025b). Programme specification for Master of Pharmacy
programme. https://www.herts.ac.uk/courses/undergraduate/pharmacy

UNM. (2025). Pharmacy BPharm (Hons)—University of Nottingham. University of Nottingham
Malaysia BPharm. https://www.nottingham.edu.my/ugstudy/course/pharmacy-
bpharm-hons

UoM. (2025). Why Study Pharmacy? Why Study Pharmacy?

https://www.bmh.manchester.ac.uk/study/pharmacy/

256



UUK. (2019). Black, Asian and Minority Ethnic student attainment at UK universities: Closing the
gap (p- 88). Universities UK. https://www.universitiesuk.ac.uk/what-we-do/policy-and-
research/publications/black-asian-and-minority-ethnic-student

Vaino, K., Holbrook, J., & Rannikmae, M. (2012). Stimulating students’ intrinsic motivation for
learning chemistry through the use of context-based learning modules. Chem. Educ.
Res. Pract., 13(4), 410-419. https://doi.org/10.1039/C2RP20045G

Van Gaalen, A. E. J., Brouwer, J., Schéonrock-Adema, J., Bouwkamp-Timmer, T., Jaarsma, A. D.
C., & Georgiadis, J. R. (2021). Gamification of health professions education: A
systematic review. Advances in Health Sciences Education, 26(2), 683-711.
https://doi.org/10.1007/s10459-020-10000-3

Vella, J. (2025). Reclaiming Dialogue: Focus groups and Hermeneutic Phenomenology.
Research in Social and Administrative Pharmacy, S1551741125002566.
https://doi.org/10.1016/j.sapharm.2025.05.013

Vygotsky, L. S. (1978). Mind in Society: Development of Higher Psychological Processes.
Harvard University Press. https://doi.org/10.2307/j.ctvjf9vz4

Walkington, H. (2015). Students as researchers: Supporting undergraduate research in the
disciplines in higher education | Advance HE (No. 1; pp. 1-34). Higher Edcuation
Academy. https://www.advance-he.ac.uk/knowledge-hub/students-researchers-
supporting-undergraduate-research-disciplines-higher-education

Wall, W., Pamulapati, L. G., Koenig, R. A., Dukat, M., & Caldas, L. M. (2022). Medicinal
chemistry: The key to critical thinking in pharmacotherapy. Currents in Pharmacy
Teaching and Learning, 14(3), 253-257. https://doi.org/10.1016/j.cptl.2022.01.003

Walsh, J. L., Harris, B. H. L., Denny, P., & Smith, P. (2018). Formative student-authored question
bank: Perceptions, question quality and association with summative performance.
Postgraduate Medical Journal, 94(1108), 97-1083.

https://doi.org/10.1136/postgradmedj-2017-135018

257



Waterfield, J. (2010). Is Pharmacy a Knowledge-Based Profession? American Journal of
Pharmaceutical Education, 74(3), 50. https://doi.org/10.5688/aj740350

Waterfield, J. (2011). Two approaches to vocational education and training. A view from
pharmacy education. Journal of Vocational Education & Training, 63(2), 235-246.
https://doi.org/10.1080/13636820.2011.567337

Watmough, S., O’Sullivan, H., & Taylor, D. (2009). Graduates from a traditional medical
curriculum evaluate the effectiveness of their medical curriculum through interviews.
BMC Medical Education, 9(1), 64. https://doi.org/10.1186/1472-6920-9-64

Wensel, T. M., Broeseker, A. E., & Kendrach, M. G. (2014). Design, implementation, and
assessment of an Integrated Pharmacy Applications course series. Currents in
Pharmacy Teaching and Learning, 6(5), 706-715.
https://doi.org/10.1016/j.cptl.2014.05.018

Wiggins, G. P. (1993). Assessing student performance: Exploring the purpose and limits of
testing. Jossey-Burns.

Wilby, K. J., & Paravattil, B. (2021). Cognitive load theory: Implications for assessment in
pharmacy education. Research in Social and Administrative Pharmacy, 17(9), 1645—
1649. https://doi.org/10.1016/j.sapharm.2020.12.009

Williams, D. P. (2017). Learn on the Move: A Problem-Based Induction Activity for New
University Chemistry Students. Journal of Chemical Education, 94(12), 1925-1928.
https://doi.org/10.1021/acs.jchemed.7b00399

Williams, D. P. (2022). vPBL: Developing a Facilitated Remote Approach to Problem Based
Learning. Journal of Chemical Education, 99(4), 1642-1650.
https://doi.org/10.1021/acs.jchemed.1c01068

Willis, S., & Hassell, K. (2007). From pharmacy education into pre-registration training - Views of
final year MPharm students on their undergraduate programme and its influences on

their career decision-making’- A Longitudinal Cohort Study of Pharmacy Careers Pre-

258



Registration Choices Questionnaire Report 6: Analysis of the Questionnaire. Pharmacy
Practice Research Trust.

Willis, S., Hassell, K., & Noyce, P. (2008). Career Intentions of Pharmacy Students. Journal of
Health Services Research & Policy, 13(2_suppl), 45-51.
https://doi.org/10.1258/jhsrp.2007.007112

Willis, S., Shann, P., & Hassell, K. (2006). Studying Pharmacy: Who, when, how, why? What
next? - A Longitudinal Cohort Study of Pharmacy Careers Early Choices Questionnaire
Report 4: Analysis of the Questionnaire. Univ.

Wilson, K., Jesson, J., & Langley, C. (with Royal Pharmaceutical Society of Great Britain). (2005).
MPharm Programmes: Where are we now? Univ.

Wilson, K., Jesson, J., & Langley, C. (2006). Pharmacy Undergraduate Students: Career Choices
& Expectations Across A Four-Year Degree Programme. University.

Winch, C., & Clarke, L. (2003). ‘Front-loaded’ Vocational Education versus Lifelong Learning. A
Critique of Current UK Government Policy. Oxford Review of Education, 29(2), 239-252.
https://doi.org/10.1080/0305498032000080701

Wingate, U. (2007). A Framework for Transition: Supporting ‘Learning to Learn’ in Higher
Education. Higher Education Quarterly, 61(3), 391-405. https://doi.org/10.1111/j.1468-
2273.2007.00361.x

Wright, D. F. B., Anakin, M. G., & Duffull, S. B. (2019). Clinical decision-making: An essential
skill for 21st century pharmacy practice. Research in Social and Administrative
Pharmacy, 15(5), 600-606. https://doi.org/10.1016/j.sapharm.2018.08.001

Wright, D., Loftus, M., Christou, M., & Eggleton, A. (2006). Healthcare Professional education
and training: How does pharmacy in Great Britain compare? Royal Pharmaceutical

Society of Great Britain.

259



Xue, B., Lacey, R. E., Di Gessa, G., & McMunn, A. (2023). Does providing informal care in young
adulthood impact educational attainment and employment in the UK? Advances in Life
Course Research, 56, 100549. https://doi.org/10.1016/j.alcr.2023.100549

Yew, E. H. J., & Goh, K. (2016). Problem-Based Learning: An Overview of its Process and Impact
on Learning. Health Professions Education, 2(2), 75-79.
https://doi.org/10.1016/j.hpe.2016.01.004

York, T. T., Gibson, C., & Rankin, S. (2015). Defining and Measuring Academic Success.
Practical Assessment, Research & Evaluation, 20(5). https://eric.ed.gov/?id=EJ1059739

Zakeri, M., Fatima, B., Yazdanfard, S., & Sansgiry, S. S. (2024). Integrated curriculum in the
United States pharmacy programs. Currents in Pharmacy Teaching and Learning, 16(7),
102094. https://doi.org/10.1016/j.cptl.2024.04.010

Zeegers, P. (2001). Approaches to learning in science: A longitudinal study. British Journal of

Educational Psychology, 71(1), 115-132. https://doi.org/10.1348/000709901158424

260



Appendices



Appendix 1 — Further detail on chemistry within the modular MPharm structure

The figure below shows the current MPharm module structure at the University of Hertfordshire following the introduction of the 2021 GPhC
educational standards (GPhC, 2020)
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Figure 29- Modules within current MPharm programme at the University of Hertfordshire
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This appendix aims to provide some additional context on the structure of the MPharm
programme. It will help the reader understand where chemistry is taught, assessed and
integrated within the programme. It is noted that significant levels of details could be
potentially commercially sensitive, so some information is provided in broader terms where
most appropriate. Information about admissions and the general course content is publicly
available and can be found on this link:
https://www.herts.ac.uk/courses/undergraduate/pharmacy

Chemistry is a mandatory pre-requisite within the admissions criteria for the degree, with
either a chemistry A level (or international equivalent) or a widening participation qualification
like an Access course containing appropriate chemistry modules.

The programme contains modules adding up to total of 480 credits (as required for an
integrated Masters degree (QAA, 2021). Each academic year contains four 30 credit
modules in addition to one zero credit module which contains professional elements
including placement attendance hours. All modules are compulsory and there are no
optional modules. (Students may rank disciplines when being allocated projects in the third
year). The descriptions of relevant teaching and assessments will be addressed in
chronological order for each academic year from year one.

Year one

Level 4 has modules with a chemistry focus (Drugs and Medicines), a biology focus (The
Patient) and a pharmacy practice and legal focus (The Pharmacist). The final credit bearing
module is Transition to Higher Education, a module designed with a range of academic skills
teaching as well as reflective writing skills in support of the students’ professional
development.

Drugs and Medicines was previously a chemistry focused module which co-taught with BSc
Pharmaceutical Science. It has now been separated to allow a more pharmacy
contextualised approach following student feedback from both programmes. It covers the
fundamentals of pharmaceutical chemistry and pharmaceutics in relation to drug
development, design and delivery. Assessment takes the form of a laboratory report (on an
aspirin analysis experiment), and tests to check knowledge and understanding of the
module. PeerWise continues to be used successfully in this module as formative support
prior to the midterm test.

Although the majority of the chemistry is found within Drugs and Medicines, students do
consider the science behind medicines in The Pharmacist, through consideration of
formulations, side effects and interactions. The Patient module also has a focus on
biochemistry in some laboratory practicals like glucose tolerance testing.

Year two

At level 5, the first three credit bearing modules contain pharmacology, pharmaceutics and
chemistry teaching taught in a relevant contextualised manner. They consider drug action in
relation to their chemical structure/activity relationships with their targets, their pharmacology
in relation to mode of action and side effects as well as concentration and dilution
calculations. Each module covers different disease states. Assessments include a QSAR
assignment and an aseptics practical where sterile eye drops need to be prepared for a
simulated patient with the associated paperwork and calculations. Knowledge and
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understanding is also assessed in mid-term and end of year exams. Support is provided in
the form of workshops, voluntary drop ins and formative laboratory practicals. Additional
support is provided for calculations.

The final credit bearing module ,Pharmacy Practice and Medicines, focuses on medicines
management, considering the medical, legal and clinical aspects of prescriptions.
Formulations and pharmacology matters are considered within this module too, so students
do need to demonstrate their underpinning science reinforcing their pharmacy practice
knowledge.

Year three

The two most relevant modules to consider at level 5 are Applied Therapeutic Interventions 1
and 2. These study different disease states with a focus on pharmacology, drug design and
pharmaceutics as well as relevant evidence based guidelines. Students are required to
demonstrate their science knowledge and understanding in clinical context with the end of
module examinations.

Year four

Year four has a range of clinically focused modules which build in complexity from the earlier
years, focusing on even more complex patients with multiple morbidities and polypharmacy
issues. Following the introduction of the GPhC 2021 standards, modules discussing
diseases have placed more focus on clinical decision making and prescribing. Additional
placements and clinical simulations have been added to allow more practice of and
development of clinical skills needed as a prescriber. Although still relevant when thinking of
drug actions, side effects and formulations, it is evident that chemistry and science is less
visible on the final year with the focus elsewhere.
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Appendix 2 — Full data analysis from Chapter 4

Unadjusted odds ratios at 95% confidence interval

Age
mature oun Confidence Interval
reputation score 20 9 39 49 2.79 1.1 6.8
author score 19 10 47 41 1.66 0.7 4.0
guestion answering score 19 10 40 48 2.28 1.0 55
total answer score 17 12 44 44 1.42 0.6 3.3
question rating score 18 11 42 46 1.79 0.8 4.2
progress test score 14 15 45 43 0.89 0.4 2.1
progress MCQ score 14 15 46 42 0.85 0.4 2.0
progress SAQ score 14 15 47 41 0.81 04 1.9
gender |
male female Confidence Interval
reputation score 9 23 56 29 0.20 0.1 0.5
author score 14 18 52 33 0.49 0.2 1.1
question answering score 10 22 49 36 0.33 0.1 0.8
total answer score 11 21 50 35 0.37 0.2 0.9
guestion rating score 11 21 49 36 0.38 0.2 0.9
progress test score 14 18 45 50 0.86 0.4 1.9
progress MCQ score 17 15 43 42 1.11 0.5 2.5
progress SAQ score 16 16 45 40 0.89 0.4 2.0
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Females and age

mature females

oung females

Confidence Interval

reputation score 19 5 37 24 2.46 0.8 7.5
author score 16 8 36 25 1.39 0.5 3.7
guestion answering score 18 6 31 30 2.90 1.0 8.3
total answer score 16 8 34 27 1.59 0.6 4.3
question rating score 16 8 33 28 1.70 0.6 4.6
progress test score 11 13 34 27 0.67 0.3 1.7
progress MCQ score 11 13 32 29 0.77 0.3 2.0
progress SAQ score 11 13 34 27 0.67 0.3 1.7
males and age |
mature males oung males Confidence Interval
reputation score 1 4 8 19 0.59 0.1 6.2
author score 3 2 11 16 2.18 0.3 15.3
question answering score 1 4 9 18 0.50 0.0 5.2
total answer score 1 4 10 17 0.43 0.0 4.4
question rating score 2 3 9 18 1.33 0.2 9.5
progress test score 3 2 11 16 2.18 0.3 15.3
progress MCQ score 3 2 14 13 1.39 0.2 9.7
progress SAQ score 3 2 13 14 1.62 0.2 11.3
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Age and gender

mature females

mature males

Confidence Interval

reputation score 19 5 1 4 15.20 1.4 168.0
author score 16 8 3 2 1.33 0.2 9.7
guestion answering score 18 6 1 4 12.00 1.1 129.4
total answer score 16 8 1 4 8.00 0.8 83.9
guestion rating score 16 8 2 3 3.00 0.4 21.7
progress test score 11 13 3 2 0.56 0.1 4.0
progress MCQ score 11 13 3 2 0.56 0.1 4.0
progress SAQ score 11 13 3 2 0.56 0.1 4.0

Age and gender

iounier females iounier males Confidence Interval

reputation score 37 24 8 19 3.66 1.4 9.7
author score 36 25 11 16 2.09 0.8 5.3
guestion answering score 31 30 9 18 2.07 0.8 5.3
total answer score 34 27 10 17 2.14 0.8 54
question rating score 33 28 9 18 2.36 0.9 6.1
progress test score 34 27 11 16 1.83 0.7 4.6
progress MCQ score 32 29 14 13 1.02 04 2.5
progress SAQ score 34 27 13 14 1.36 0.5 3.4
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ethnicity

all white students

all BAME students

Confidence Interval

reputation score 8 8 49 48 0.98 0.3 2.8
author score 7 9 57 40 0.55 0.2 1.6
guestion answering score 7 9 50 47 0.73 0.3 2.1
total answer score 12 4 53 44 2.49 0.8 8.3
question rating score 9 7 49 48 1.26 04 3.7
progress test score 8 8 48 49 1.02 04 2.9
progress MCQ score 8 8 50 47 0.94 0.3 2.7
progress SAQ score 7 9 50 47 0.73 0.3 2.1
ethnicity |
Black Africian/carr white Confidence Interval
reputation score 12 17 8 8 0.71 0.2 2.4
author score 14 15 7 9 1.20 04 4.1
question answering score 13 16 7 9 1.04 0.3 3.6
total answer score 13 16 12 4 0.27 0.1 1.0
question rating score 14 15 9 7 0.73 0.2 2.5
progress test score 13 16 8 8 0.81 0.2 2.8
progress MCQ score 16 13 8 8 1.23 0.4 4.2
progress SAQ score 15 14 7 9 1.38 04 4.7
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ethnicity
all Asian all white Confidence Interval
reputation score 24 24 8 8 1.00 0.3 3.1
author score 29 19 7 9 1.96 0.6 6.2
question answering score 24 24 7 9 1.29 04 4.0
total answer score 25 23 12 4 0.36 0.1 1.3
question rating score 22 26 9 7 0.66 0.2 2.1
progress test score 27 21 8 8 1.29 04 4.0
progress MCQ score 25 23 8 8 1.09 04 3.4
progress SAQ score 25 23 7 9 1.40 0.4 4.4
ethnicity |
all arab all white Confidence Interval
reputation score 9 4 8 8 2.25 0.5 104
author score 10 3 7 9 4.29 0.8 21.8
guestion answering score 9 4 7 9 2.89 0.6 13.5
total answer score 10 3 12 4 1.11 0.2 6.2
question rating score 7 6 9 7 0.9 0.2 4.0
progress test score 6 7 8 8 0.86 0.2 3.7
progress MCQ score 7 6 8 8 1.17 0.3 5.1
progress SAQ score 5 8 7 9 0.80 0.2 3.6
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ethnicity

all black all asian Confidence Interval
reputation score 12 17 24 24 0.71 0.3 1.8
author score 14 15 29 19 0.61 0.2 1.6
guestion answering score 13 16 24 24 0.81 0.3 2.0
total answer score 13 16 25 23 0.75 0.3 1.9
question rating score 14 15 22 26 1.10 04 2.8
progress test score 13 16 27 21 0.63 0.2 1.6
progress MCQ score 16 13 25 23 1.13 04 2.9
progress SAQ score 15 14 25 23 0.99 04 2.5

ethnicity

all Black all Arab Confidence Interval
reputation score 12 17 9 4 0.31 0.1 1.3
author score 14 15 10 3 0.28 0.1 1.2
question answering score 13 16 9 4 0.36 0.1 14
total answer score 13 16 10 3 0.24 0.1 1.1
question rating score 14 15 7 6 0.80 0.2 3.0
progress test score 13 16 6 7 0.95 0.3 3.5
progress MCQ score 16 13 7 6 1.05 0.3 3.9
progress SAQ score 15 14 5 8 1.71 0.5 6.5
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ethnicity

all arab all asian Confidence Interval
reputation score 9 4 24 24 2.25 0.6 8.3
author score 10 3 29 19 2.18 0.5 9.0
guestion answering score 9 4 24 24 2.25 0.6 8.3
total answer score 10 3 25 23 3.07 0.7 12.5
question rating score 7 6 22 26 1.38 04 4.7
progress test score 6 7 27 21 0.67 0.2 2.3
progress MCQ score 7 6 25 23 1.07 0.3 3.7
progress SAQ score 5 8 25 23 0.58 0.2 2.0

ethnicity/gender/age

white younger females BAME younger females Confidence Interval
reputation score 6 4 30 19 0.95 0.2 3.8
author score 4 6 31 18 0.39 0.1 1.6
question answering score 3 7 27 22 0.35 0.1 15
total answer score 2 8 31 18 0.15 0.0 0.8
question rating score 6 4 26 23 1.33 0.3 5.3
progress test score 3 7 29 20 0.30 0.1 1.3
progress MCQ score 3 7 28 21 0.32 0.1 14
progress SAQ score 3 7 29 20 0.30 0.1 1.3
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ethnicity/gender/age

white younger female

Black younger female

Confidence Interval

reputation score 6 4 2 6 4.50 0.6 34.6
author score 4 6 4 4 0.67 0.1 4.4
guestion answering score 3 7 2 6 1.29 0.2 10.5
total answer score 2 8 3 5 0.42 0.1 3.4
question rating score 6 4 2 6 4.50 0.6 34.6
progress test score 3 7 4 4 0.43 0.1 3.0
progress MCQ score 3 7 4 4 0.43 0.1 3.0
progress SAQ score 3 7 6 2 0.14 0.0 1.2

Programme specific cohort

reputation score 47 41 12 17 1.62 0.7 3.8
author score 55 33 11 18 2.73 1.1 6.5
question answering score 44 44 15 14 0.93 04 2.2
total answer score 47 41 14 15 1.23 0.5 2.8
question rating score 44 44 16 13 0.81 0.3 1.9
progress test score 51 37 8 21 3.62 1.4 9.1
progress MCQ score 52 36 8 21 3.79 1.5 9.5
progress SAQ score 50 38 11 18 2.15 0.9 5.1
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Unadjusted odds
ratios at 90%

confidence interval

Age
mature young Confidence Interval

reputation score 20 9 39 49 2.79 1.3 5.9
author score 19 10 47 41 1.66 0.8 3.4
question answering

score 19 10 40 48 2.28 1.1 4.7
total answer score 17 12 44 44 142 0.7 2.9
question rating score 18 11 42 46 1.79 0.9 3.7
progress test score 14 15 45 43 0.89 04 1.8
progress MCQ score 14 15 46 42 0.85 0.4 1.7
progress SAQ score 14 15 47 41 0.81 04 1.6
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Education

A levels widening participation Confidence Interval

reputation score 26 24 28 28 1.08 0.6 2.1
author score 30 20 31 25 1.21 0.6 2.3
question answering

score 27 23 26 30 1.35 0.7 2.6
total answer score 25 25 32 24 0.75 0.4 1.4
question rating score 26 24 29 27 1.01 0.5 1.9
progress test score 27 23 28 28 1.17 0.6 2.2
progress MCQ score 28 22 26 30 1.47 0.8 2.8
progress SAQ score 28 22 27 29 1.37 0.7 2.6

gender |
male female Confidence Interval

reputation score 9 23 56 29 0.20 0.1 04
author score 14 18 52 33 0.49 0.2 1.0
question answering

score 10 22 49 36 0.33 0.2 0.7
total answer score 11 21 50 35 0.37 0.2 0.7
question rating score 11 21 49 36 0.38 0.2 0.8
progress test score 14 18 45 50 0.86 0.4 1.7
progress MCQ score 17 15 43 42 1.1 0.6 2.2
progress SAQ score 16 16 45 40 0.89 0.4 1.8
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Females and age

mature females

oung females

Confidence Interval

reputation score 19 5 37 24 2.46 1.0 6.3
author score 16 8 36 25 1.39 0.6 3.2
question answering

score 18 6 31 30 2.90 1.2 7.0
total answer score 16 8 34 27 1.59 0.7 3.6
question rating score 16 8 33 28 1.70 0.7 3.9
progress test score 11 13 34 27 0.67 0.3 1.5
progress MCQ score 11 13 32 29 0.77 0.3 1.7
progress SAQ score 11 13 34 27 0.67 0.3 1.5

males and age |
mature males oung males Confidence Interval

reputation score 1 4 19 0.59 0.1 4.2
author score 3 2 11 16 2.18 0.4 11.2
question answering

score 1 4 9 18 0.50 0.1 3.5
total answer score 1 4 10 17 0.43 0.1 3.0
question rating score 2 3 9 18 1.33 0.3 6.9
progress test score 3 2 11 16 2.18 0.4 11.2
progress MCQ score 3 2 14 13 1.39 0.3 7.1
progress SAQ score 3 2 13 14 1.62 0.3 8.2
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Age and gender

mature females

mature males

Confidence Interval

reputation score 19 5 1 4 15.20 2.0 114.2
author score 16 8 3 2 1.33 0.3 7.0
question answering

score 18 6 1 4 12.00 1.6 88.3
total answer score 16 8 1 4 8.00 1.1 57.5
question rating score 16 8 2 3 3.00 0.6 15.8
progress test score 11 13 3 2 0.56 0.1 2.9
progress MCQ score 11 13 3 2 0.56 0.1 2.9
progress SAQ score 11 13 3 2 0.56 0.1 2.9

Age and gender

|

ounger females

ounger males

Confidence Interval

reputation score 37 24 8 19 3.66 1.6 8.3
author score 36 25 11 16 2.09 1.0 4.5
question answering

score 31 30 9 18 2.07 0.9 4.6
total answer score 34 27 10 17 2.14 1.0 4.7
question rating score 33 28 9 18 2.36 1.1 5.2
progress test score 34 27 11 16 1.83 0.8 4.0
progress MCQ score 32 29 14 13 1.02 0.5 2.2
progress SAQ score 34 27 13 14 1.36 0.6 2.9
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ethnicity

all white students

all BAME students

Confidence Interval

reputation score 8 8 49 48 0.98 0.4 2.4
author score 7 9 57 40 0.55 0.2 1.3
question answering

score 7 9 50 47 0.73 0.3 1.8
total answer score 12 4 53 44 2.49 0.9 6.8
question rating score 9 7 49 48 1.26 0.5 3.1
progress test score 8 8 48 49 1.02 0.4 2.5
progress MCQ score 8 8 50 47 0.94 0.4 2.3
progress SAQ score 7 9 50 47 0.73 0.3 1.8

ethnicity |
Black Africian/carr white Confidence Interval

reputation score 12 17 8 8 0.71 0.3 2.0
author score 14 15 7 9 1.20 0.4 3.4
question answering

score 13 16 7 9 1.04 04 2.9
total answer score 13 16 12 4 0.27 0.1 0.8
question rating score 14 15 9 7 0.73 0.3 2.0
progress test score 13 16 8 8 0.81 0.3 2.3
progress MCQ score 16 13 8 8 1.23 0.4 3.4
progress SAQ score 15 14 7 9 1.38 0.5 3.9
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ethnicity

all Asian all white Confidence Interval

reputation score 24 24 8 8 1.00 0.4 2.6
author score 29 19 7 9 1.96 0.8 5.1
question answering

score 24 24 7 9 1.29 0.5 3.3
total answer score 25 23 12 4 0.36 0.1 1.0
question rating score 22 26 9 7 0.66 0.3 1.7
progress test score 27 21 8 8 1.29 0.5 3.3
progress MCQ score 25 23 8 8 1.09 0.4 2.8
progress SAQ score 25 23 7 9 1.40 0.5 3.6

ethnicity |
all arab all white Confidence Interval

reputation score 9 4 8 8 2.25 0.6 8.1
author score 10 3 7 9 4.29 1.1 16.8
question answering

score 9 4 7 9 2.89 0.8 10.5
total answer score 10 3 12 4 1.11 0.3 4.7
question rating score 7 6 9 7 0.91 0.3 3.1
progress test score 6 7 8 8 0.86 0.3 2.9
progress MCQ score 7 6 8 8 1.17 0.3 4.0
progress SAQ score 5 8 7 9 0.80 0.2 2.8
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ethnicity

all black all asian Confidence Interval

reputation score 12 17 24 24 0.7 0.3 1.5
author score 14 15 29 19 0.61 0.3 1.3
question answering

score 13 16 24 24 0.81 0.4 1.8
total answer score 13 16 25 23 0.75 0.3 1.6
question rating score 14 15 22 26 1.10 0.5 2.4
progress test score 13 16 27 21 0.63 0.3 1.4
progress MCQ score 16 13 25 23 1.13 0.5 2.5
progress SAQ score 15 14 25 23 0.99 0.5 2.1

ethnicity |
all Black all Arab Confidence Interval

reputation score 12 17 9 4 0.31 0.1 1.0
author score 14 15 10 3 0.28 0.1 1.0
question answering

score 13 16 9 4 0.36 0.1 1.2
total answer score 13 16 10 3 0.24 0.1 0.8
question rating score 14 15 7 6 0.80 0.3 2.4
progress test score 13 16 6 7 0.95 0.3 2.9
progress MCQ score 16 13 7 6 1.05 0.4 3.2
progress SAQ score 15 14 5 8 1.71 0.6 5.3
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ethnicity

all arab all asian Confidence Interval

reputation score 9 4 24 24 2.25 0.8 6.7
author score 10 3 29 19 2.18 0.7 7.2
question answering

score 9 4 24 24 2.25 0.8 6.7
total answer score 10 3 25 23 3.07 0.9 10.0
question rating score 7 6 22 26 1.38 0.5 3.9
progress test score 6 7 27 21 0.67 0.2 1.9
progress MCQ score 7 6 25 23 1.07 04 3.0
progress SAQ score 5 8 25 23 0.58 0.2 1.6

ethnicity/gender/age |
white younger
females BAME younger females Confidence Interval

reputation score 6 4 30 19 0.95 0.3 3.0
author score 4 6 31 18 0.39 0.1 1.2
question answering

score 3 7 27 22 0.35 0.1 1.2
total answer score 2 8 31 18 0.15 0.0 0.6
question rating score 6 4 26 23 1.33 0.4 4.2
progress test score 3 7 29 20 0.30 0.1 1.0
progress MCQ score 3 7 28 21 0.32 0.1 1.1
progress SAQ score 3 7 29 20 0.30 0.1 1.0
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ethnicity/gender/age

white younger
female Black iounier female Confidence Interval

reputation score 6 4 2 6 4.50 0.8 24.9
author score 4 6 4 4 0.67 0.1 3.2
question answering

score 3 7 2 6 1.29 0.2 7.5
total answer score 2 8 3 5 042 0.1 24
question rating score 6 4 2 6 4.50 0.8 24.9
progress test score 3 7 4 4 0.43 0.1 2.2
progress MCQ score 3 7 4 4 0.43 0.1 2.2
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Adjusted odds ratios

Confounding Variable Age

Contingency Table X (HESA young Age

23 23 15 22
27 19 18 19
24 22 13 24
23 23 19 18
24 22 17 20
24 22 19 18
25 21 20 17
25 21 19 18
Total Number of Respondents Table X 83
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Contingency Table Y
HESA mature Age

Confidence

3 6
3 6
3 6
2 6
2 7
3 9 10
3 10 9
3 8 11

Total Number of
Respondents Table Y 23

Adjusteq Odds T
Ratios
From To
1.46 0.51 2.32
1.49 0.56 2.62
1.93 0.63 2.91
0.86 0.35 1.61
1.15 0.47 2.16
1.20 0.55 2.52
1.15 0.68 3.16
1.33 0.64 2.94
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Confounding variable age

Adjusted Odds ﬁl‘t’::\',‘;‘fnce
Ratios

Contingency Table Y (for

mature students From To
1 4 0.21 0.08 0.49
3 2 0.52 0.22 1.12
1 4 0.36 0.14 0.79
1 4 0.37 0.16 0.86
2 3 0.40 0.16 0.90
3 2 0.70 0.39 1.94
3 2 1.10 0.49 2.50
3 2 0.65 0.39 2.00
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Total Number of
Respondents Table Y 29

Confounding variable age

O |00 |0 | [ |||

Total Number of Respondents Table X

85
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Contingency Table Y (for mature
students

Adjusted Odds

NN NINININININ

ool |O|O|O|O

Total Number of Respondents Table Y

28

Ratios
1.20 0.34 2.82
0.60 0.19 1.59
0.86 0.25 2.12
2.69 0.75 8.27
2.34 0.43 3.65
1.61 0.35 2.94
1.43 0.33 2.71
1.11 0.25 2.12
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Confounding variable gender

WWWIN|= [ ]|W =

NININ WA BIN (D>

Total Number of Respondents Table X

32

287



Contingency Table Y (for female
students

Adjusted Odds

Ratios
3.51 1.14 6.81
1.41 0.69 3.97
2.78 0.95 5.46
1.54 0.61 3.31
1.69 0.76 4.23
0.69 0.39 2.07
0.78 0.37 1.97
0.69 0.35 1.89

Total Number of Respondents Table Y

85
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Confounding variable gender

NN (N (0N O

—_
o

OIN N || |W

~

Total Number of Respondents Table X 31

Contingency Table Y (for female
students

Adjusted Odds Confidence
Ratios Interval
From To
0.95 0.51 2.32
1.33 0.56 2.62
0.97 0.63 2.91
0.56 0.35 1.61
0.85 0.47 2.16
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20 14 21 20 1.33 0.55 2.52

18 16 23 18 0.91 0.68 3.16

21 13 18 23 1.93 0.64 2.94
Total Number of Respondents Table Y 75

Confounding variable gender

N2 [WON|W|[Ww

NWW|= N[ |—

Total Number of Respondents Table X 30
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Contingency Table Y (for
female students

Confidence

a1 [O1]|00 (N |O1 O |

NN |IN (O (NN |01

Total Number of
Respondents Table Y 83

Adjusteq Odds el
Ratios
From To
0.96 0.34 2.82
0.57 0.19 1.59
0.49 0.25 2.12
0.90 0.75 8.27
1.51 0.43 3.65
0.66 0.35 2.94
0.69 0.33 2.71
0.63 0.25 2.12
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Appendix 3 — Summary of codes and final themes for staff interviews

Initial codes

Example quotes

Final theme

Passengers within practicals - not
involved

Students seem fearful

Less confident when compared to
students on other programmes

Not understanding the relevance of
practicals

Less practicals now

" SChemEs would ensure that you don’t have " passengers" ...they're always paired [in lab
classes] so unless you keep a close eye on them, there will be passenger, that’s a shame"
[Staff A] I can
imagine for some students who are not confident with their chemistry, [they see] the session
as an exposing environment and it can be quite intimidating, quite daunting [Staff D]

The Bioscience students are less afraid to experiment ....and they're less afraid to be wrong
[Staff D]

."..but a lot of pharmacy students learn very little in the practicals because they work in pairs
and they try to let their partner do the work" [Staff F]

Lack of confidence
towards chemistry

Students not understanding the
requirements on a pharmacy course

Students expecting more pharmacy
practice and less science

Engagementin science changes
over the years of the programme

Disengagement with the science
content

Degree structure implies chemistry
is not important

Students not expecting chemistry or
only in first year

" Everything else is new and exciting...and chemistry is just old hat ad there's always the
philosophy of we've done it all before..." [Staff A]

"I think my main concern is they get quite a big chemistry module early on in the first year and
thenit just sort of peters out..." [Staff B]

"...they've chosen a science-based degree and so they are anticipating that [the degree] will
contain lots of lab classes, whereas perhaps pharmacy students aren't thinking that they're
going to be doing lots of lab classes" [Staff C]

"I think first year, they are more accepting that they're getting some chemistry content" [Staff
D]

"I think in the early stages, students aren't aware of how significant it {ie chemistry} really is for
pharmacy [Staff F]

Expectations regarding
chemistry on degree
programme

Decrease in skills

Changes in attitude

Impact of A level structure - less
practicals

Understanding of basic concepts

Prior knowledge quite variable

" [ I'think things have changed] quite markedly....in terms of specifically the teaching of
chemistry that they have had, they do not have the manipulative skills the used to have" [Staff
Al " ...the ones that tend to come from Access and BTECs, | think tend to be
more practically minded....maybe the A level ones aren’t quite so...yeah, definitely less hands
on" [Staff B]

“....s0 we are concerned that they don’t have the concepts, that they learn facts and
reproduction of those facts...maybe because it is very prescriptive {i.e. A level}, taught to a

Prior learning and
assessment
experiences
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BTEC students

Goal focused rather than focused on
education

Very patient safety focused

Chemistry not a new career-focused
topic like others

Motivated by end point/future career

test”. [Staff C] "...they don't come in understanding molecular shape, how bonds are
formed... that sort of thing...I mean they can reel off what type of bonds you've got but it's very
surface level [Staff D]

" One of the problems with teaching chemistry to pharmacy students is trying to get across the
relevance...you couldn't do it in year one..." [Staff A] |think with the pharmacy students, they
are sort of more focused on the end goal of becoming a good pharmacist [Staff B].

"I think if you can relate it to drug examples, you know, | think that suddenly, they're more
interested" [StaffE ] When the fourth years and first years meet up...the fourth years
would have to explain how relevant it {chemistry} becomes at a later stage [Staff F]

Perception of
relevance of chemistry
to their vocation

challenge to integrate

challenge to contextualise

Motivation linked to context

Engagement changes when link to
future career

" ...it can be difficult to contextualise that {the chemistry} and that’s what they {ie the students}
want; to see it in the greater scheme of things [Staff A]

| enjoy the second year better because that's about teaching the drug structure and how it
works and how it fits in with the clinical stuff so |, to me, that's the bit | really like because I'm
hoping that the students can see why the chemistry is there [Staff C]

Contextualised
learning

Less support at university

Less accessible staff

Larger number of students taught
together

Lack of specialist teachers at school

New different unfamiliar
environment

Change in teaching delivery

"They're not used to independent study, they're not used to the idea that the lecture is not the
lesson, it's not the end of everything they need to know so | think they find that tough" [Staff C]
"Itis an issue...because they're wanting the access to tutors that they had at previous study, at
school study and you can do what you want, especially in the first semester, you can do
whatever you want as a lecturer to try and manage that expectation, but ultimately they will
become frustrated by a lack of direct access" [Staff D] | think that they find it {the
teaching methods at university} really hard... | think mature students can handle it better.
[Staff E]

Transition to new
learning environment

Staff student ratio

Large class sizes influences learning

Good ways to re-enforcing concepts

Incorporating application tasks in
large lectures

Workshop tasks improve
understanding

“I like to use lectures that{....} that every couple of lecture slides, I'll stop, and I'll ask a
question and then I'llL try and encourage a group discussion and just try to understand, get
them to understand | have taught you this concept, now let's try and apply it.” [Staff B]

"I think it's important to present them with the scientific information, so introduce it to them
and explain it to them and then | think that you then need to get them to try and apply that in
terms of a question." [Staff D]

Application of learning
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Appendix 4 — Summary of codes and themes for student interviews

Initial codes

Example quotes

Finaltheme

Responsibility for own learning

More independent learning

Time management

New people to get to know

Easier chatting to known teachers at
school

" Coming from school | found chemistry a bit more difficult...um, maybe, because you had
to do further reading yourself" S3Y2 "

“1think [A levels] have more of a structure, so you knew what you had to know- whereas in
uni, it’s a bit, like, vague. You don’t really know what you need to know for the exam”.S4Y2
" Lectures? It does make sense...but y'know, they don't really expand on it as much, so its
down to you whether you explore it in your own time" S1Y3

Transition to new
environment

Prioritising links to future role

Linking work experience to learning

Focus on own individual career goals

Identify possible patient queries in
teaching examples

"1think chemistry is a very core subject in pharmacy and basically everything we do with
drugs comes back to the core whichis chemistry " S1Y2 "I think it depends what kind of
pharmacist you want to be, but | think for community and hospital - not at all completely
relevant?" S5Y2 "I think it's very relevant, because you have to understand...for
example, one change in part of the molecule can actually change...side effects or
therapeutic effects" S3Y4

Perception of
relevance to future
chosen career

Contextualised

Appreciate context teaching "One of the things that helps us learn is when they relate it back to real life circumstances” | €aming
See science context in practice S1Y1 "Ithinkit’s a good idea, because it will help you ultimately when you go into practice”
S5Y2 "We did...antibiotic resistance and looking at, y'know, the penicillin structures
and it really made sense" S1Y3
" | like pharmacy as you are actually applying your knowledge - you're not just studying Application of
Thinking of ways for authentic learning | apout it" S1Y2 "You can learn theory, but if you can't apply it...then it’s not very learning
Appreciation of application practice beneficial, is it?" S1Y4 "...in lectures,
Link application to future work obviously you go over information but don't apply it, but in workshops you apply it" S7Y4
Find it hard FO learn in largg group "I learn more in workshops as it’s more easy to ask questions on topics of concern" S1Y1
Cannot clarify understanding "l ask...questions...it might sound silly when | ask obvious questions..." S2Y3.
Nervous about asking questions "| prefer the workshops and labs ...because its more one to one with the lecturers" S6Y3
Appreciate clear explanations (so don’t | "| like workshops, they are teaching in small groups, so you can ask questions...this is the
need to ask questions) main reasons why" S2Y4 Academic
"l prefer workshops definitely... in lectures, you can't really ask questions." S6Y4 confidence
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Different ways of revising

Aiming to make sense of it

Need for high achievement

Using videos to understand topics

"I think to try to interlink everything together...rather than just memorising. | like explaining
to my friends...because | learn most from explaining" S1Y2

"1 think for chemistry... | had to actually understand every lecture...for other topics you can
just memorise but for chemistry, its different, you have to understand" S2Y3

" ...for chemistry, you have to give it more time...there is a lot more content you need to go
through ..and understand" S3Y3 "...but for chemistry, because it’s like, a challenging topic,
S0 you obviously have to put more effort into it...it has to be explained well" S5Y4

Focus on
understanding
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Appendix 5 — Summary of code and themes for student focus groups

Initial codes

Example quotes

Final themes

Importance of understanding not
appreciated by all students

Adaption of study techniques

Videos as additional learning

Deep learning by some students

Cognitive load

"You learn the information right, you will find out later how it relates" 1A

"I make sure | understand the notes ...try to figure out what people will ask us" 1B

"Sometimes, | don't like deep learning...it confuses me...surface learning for MCQs [is fine]" 2A
"The way some questions are based in the exam...you don’t feel the need to think integratively to
answer the questions" 2B

"Sometimes when I'm revising...one of them [i.e. lectures] is seventy slides, so | might not be able

Strategic learning

to do more than one in a day" 3A approaches
PrePar|ng for practice "We’re learning OTC medications... its good to know because we can then use it in practice" 1C
Motivated by relevance "Why would a patient have an adverse drug effect... | feel we should know that" 1D
Disengaged when no relevance "| believe that whatever we're learning we need to know...why...that is the foundation" 1B
perceived " the reliability is less [in some modules]...for those that want to go into industry, it does help" 2D | Importance of
Perception of importance isvery | "There are some [topics] that are more important than others...it would help more if there would relevance to
individual be a link back to how this would help us in practice" 3A practice
Putting theory into practice "We need to take the initiative to work in a pharmacy..." 1A
Appreciating experiential learning | "Working in a hospital pharmacy already, [helps me] put the theoretical knowledge into practice a
Work has positive impact on lot easier" 2B "
study "You're able to apply theory and put it into practice...[work] definitely puts you at an advantage" Benefits of work
3D experience

Difficulty in creating links

Seeing modules in silos

Some trying to integrate

Expectation that links are
highlighted by academic

"We currently doing chemistry, biology and The Pharmacist module" 1B

"l like to do independent work cos | think it works for me...| like to try and make connections" 1D
"1do think more is needed in certain modules to help us create links" 2A

"A lot of students don't know how to think integratively, | think...mostly due to a lack of
experience" 2B "in real life you are not going to sort of look at one aspect, you look at things
together, so it's important to create links" 3D

creation of links
within teaching
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Appendix 6 — Example lesson plan from teaching intervention

Example Lesson Plan for MPharm Year 1 contextualised workshops

Workshop 1 Week number - 19

Timing 2 hours

Pre-session work: Introductory lecture to understand terms (integration contextualisation) and discussion of the given examples in lecture

Resources required: BNF, Access to SmPC website and Canvas pre session PP slides
Learning outcomes for series of workshops:
o Integrate knowledge of science and practice when supporting patient care

o Appreciate the relevance of science to pharmacy practice

e Understand the relevance of functional groups in relation to drug absorption, onset of action and side effects

e Provide a scientific rationale to explain and justify when making medication recommendations

Task Description

Other details

Reminder of terms — contextualisation and integration.

Discussion of structure of these workshops- students to work in small groups as a team to explore a
concept then use this knowledge to help the patient. Answers to each problem to be discussed as
whole student group, students are responsible for solving the problem. Problem solving skills and being
able to explain ‘why’ clinical decisions are made are skills being developed in the workshops.

Make sure all students are
working within a group. Check
they have access to required
materials.

The patient map — what do we consider important when planning treatment?
Purpose: Highlighting importance of holistic care for patient and underpinning science impact on rational
decision making

Encourage full group
participation

The patient in this case — visit to community pharmacy — what communication technique to use?

Remind students where this is
taught

Students to practise WHAMM technique (taught previously by SJHO)
Patient mentions one drug has been tried but did not help — chemical structure to look at for next task

Student to work in pairs and
provide feedback on
interaction
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Chemical structure- students to identify drug and work out chemical name. Calculate molecular mass.
Purpose: Correct identification of functional groups, calculation practice

Students to discuss 3 other drug options for patient issue (headache). Chemical structures provided.
Students to identify functional groups and consider their solubility (ie polarity) — (taught previously by SF
and MC)

Concept: functional groups and their role in solubility

Students to counsel patient on use of chosen drug — ibuprofen. Student to work in pairs and provide
feedback on interaction

Make sure students swap
patient/pharmacist role

Students discuss the concepts in ADME then relate this to ibuprofen considering the chemical structure
(refer to The Patient module also MC teaching)
Concepts: Pharmacokinetics, solubility of drugs and acid-base properties in relation to structure

Students to consider the effect of the drug on the body
Students to consider pharmacology terms — receptor, agonist, antagonist, enzyme (refer to JS teaching)
Concept — drug target interaction

Remind students when they

have been taught these terms.

Mode of action of ibuprofen as a member of NSAID class
New teaching but some previous physiology knowledge
Concepts: Impact of enzyme inhibitors, importance of selectivity and specificity of a drug

Students to consider what side effects may occur following mode of action explanation
Concept: type A adverse drug reactions

Students asked to consider why an antacid could be used for indigestion, write chemical equation
Concept: Introduction to structure reactivity relationships

Advert for Ibuprofen Express — students to consider will this work ‘better’ than ibuprofen?
Concept: functional group impact on drug action

Students to explain their answer in a patient friendly way to a ‘patient’ -working in pairs
Purpose: continue to practise communication skills

Make sure students swap
patient/pharmacist role

Student to reflect on what they have learnt and how they could ‘create links’ in other topics

Summary of concepts taught about in the session from facilitator
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