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Abstract. Context-of-use is a vital consideration when evaluating the usability 
of mobile applications. Thus, when defining sets of heuristics for the usability 
evaluation of mobile applications, a common practice has been to include one 
or more heuristics that consider context-of-use. Yet, most evaluations are con-
ducted within usability labs. Consequently, the aim of this research is to ques-
tion the utility of attempting to include inherently complex areas of context-of-
use within limited sets of mobile application usability heuristics. To address 
this, a mapping study uncovered six sets of heuristics that can be applied to mo-
bile application usability evaluations. A within-subjects empirical test with six 
Human-Computer Interaction practitioners evaluated a well-known travel mo-
bile application using three sets of the mapped heuristics. The study found that 
the common practice of including context-of-use within mobile application usa-
bility heuristics is an ineffective approach. 
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1 Introduction 

Usability heuristics allow Human-Computer Interaction (HCI) practitioners and re-
searchers to focus on the primary areas of software which may cause problems for 
users. One of the most popular sets of heuristics was originally defined by Nielsen 
and Molich [1], and is widely known for being fast and inexpensive [2]. Given the 
prevalence of mobile devices in the past decade, sets of heuristics for mobile technol-
ogies started to be defined as traditional heuristics did not consider applications built 
for small screens nor usage within environments far less constant than desktop appli-
cations [3]. Yet, Nielsen’s heuristics [4], modified from the original set by Nielsen 
and Molich [1], remain popular when evaluating mobile applications [5]. In an inter-
view with Jenny Preece [6], Nielsen supported this approach, suggesting that “You 
can identify a lot of issues with a phone or other mobile user experience by using 
exactly the same heuristics as you would for any other platform". 



One of the items evident across many of these sets of heuristics is the inclusion of 
context-of-use. Context-of-use is anything that impacts the interaction between a user 
and an application [7], whereby elements of context, including surrounding light, 
ambient noise, and interruptions, can change rapidly, potentially impacting the usabil-
ity of a mobile application [8,9]. Consequently, Savio & Braiterman [10, p.284] argue 
“For mobile computing, context is everything”. To that end, it is no surprise that one 
or more heuristics are often included within sets of heuristics specifically aimed at 
considering the impact of context-of-use when evaluating the usability of mobile ap-
plications, even though most evaluations of mobile applications are conducted in 
usability labs [11]. 

The main aim of this research is to investigate the utility of including inherently 
complex areas of context-of-use within limited sets of mobile application usability 
heuristics, by asking the following research questions: 

1. Based on the literature, which sets of heuristics are used to evaluate the usa-
bility of mobile applications? 

2. Which of the mapped sets of heuristics include one or more heuristics that 
consider context-of-use? 

3. To what extent can one or more of the mapped sets of heuristics measure the 
impact of context-of-use on mobile application usability within lab-based 
conditions? 

2 Background 

2.1 Usability Principles 

One of the first sets of usability principles is the cornerstone of design today. Gould & 
Lewis [12] wrote the following principles, stating that system designers should: 

• Focus early on users and tasks 
• Empirically measure usability 
• Design iteratively based on learnings from empirical tests 
 
Nowadays, user experience designers commonly apply each of these principles in 

their daily work. Yet, Gould & Lewis [12] found that system designers often ignored 
these principles, believing for instance in the ‘power of reason’, whereby the prevail-
ing feeling was that task completion was logic, thus there was little need to apply 
principles nor involve representative users. 

As the benefits of usable and useful systems were acknowledged, Human-
Computer Interactions experts defined further usability principles, including cognitive 
principles [13] and heuristic evaluation [1]—the latter becoming a common method 
among HCI practitioners and researchers [14]. Since its inception, heuristic evaluation 
has since been modified to cater for a wide range of domains, including Educational 
Media [15]; Groupware Based on the Mechanics of Collaboration [16]; Ambient Dis-
plays [17]; Adaptive Learning Environments [18]; Playability of Games [19]; Inten-



sive Care Unit Infusion Pumps [20]; Intrusion Detection Systems [21]; Virtual Reality 
Applications [22]; Electronic Shopping [23]; and Child E-learning Applications [24].  

Heuristic evaluation is not without detractors. Researchers have argued that results 
from heuristic evaluation are too subjective [25]. This claim has been counter-argued, 
whereby other researchers have suggested that this difference in perspective enables 
the discovery of more diverse usability issues [26]. Additionally, despite the sugges-
tion that heuristic evaluation may not be as effective as it claims [27], the method 
remains popular. 

As mobile devices become more ubiquitous, heuristic evaluation started to be used 
to evaluate the usability of mobile applications. While the traditional set of heuristics 
from Nielsen appears to be in common use [5], researchers have argued that tradition-
al heuristics needed to be modified before they can be used for mobile [28, 29]. To 
that end, several sets of usability heuristics designed specifically for mobile have been 
defined.  While most of these sets of usability heuristics are general in nature, some 
are specific to a feature and/or a population [30]. 

2.2 Addressing Context-of-use 

One of the key areas within the field of mobile usability is the impact of context-of-
use. Context-of-use, which is anything that might impact the interaction between a 
user and an application [31], is a vital component of building mobile experiences [32]. 
This is due to the ever-changing contexts-of-use that mobile users find themselves in. 

From a heuristic evaluation perspective, the consideration of context-of-use has 
been approached in two ways. Firstly, while heuristic evaluations are most often con-
ducted in the lab, a study conducted by Po et al. [33] considered context-of-use using 
three conditions: heuristic evaluation within the lab for two conditions, one of which 
simulated context-of-use, one of which did not, and heuristic evaluation in the field. 
The authors of that work argue against conducting heuristic evaluations in the field as 
one of their conditions of their study, namely simulated context-of-use within the lab, 
uncovered the highest number of issues across three conditions. Yet, there are several 
threats to the validity and reliability of this study. For instance, during the heuristic 
evaluation, the authors used Nielsen's traditional heuristics, and did not attempt to 
define a set of heuristics for mobile technologies. 

The internal validity of the study suffers from the threat of selection bias, whereby 
the authors did not randomize participants across conditions, and all conditions had 
fewer than the recommended five evaluators [40]. 

It seems that none of the evaluators had practical HCI experience, several evalua-
tors only had one semester in HCI and had little familiarity with heuristic evaluation. 
This could be a threat to external validity, specifically population validity, in that the 
evaluators within this study cannot be generalized with HCI experts that have practi-
cal commercial experience and commonly undertake heuristic evaluations.  

While it is quite difficult to achieve ceteris paribus in an experimental study, or in 
this case a quasi-experimental study, it should still be expected that all conditions 
would be as equal as possible. Yet, in this study the authors assigned user interface-
related tasks to participants in just two of the three conditions.  



The authors state that a by-product of this omission of task assignment in the first 
scenario was that participants focused on the product, more so than the operation of 
the product. As high construct validity is achieved only when intended constructs are 
measured accurately, it might be argued that the authors were measuring two opera-
tionalized variables defined from the construct 'usability issues’. Additionally, within 
the two conditions where evaluators completed six tasks, there is no indication that 
the tasks were counterbalanced. This could indicate an order bias.  

The benefit of in-situ evaluation is an increase in ecological validity. Yet, partici-
pants had to think aloud while they were being recorded. Consequently, the reality of 
the in-situ condition was not realistic.  

Participants were all aware which condition they were in within the study. This 
transparency could result in an interval validity threat known as demand characteris-
tics. This threat can occur when participants know they are in the experimental group, 
and they change their behavior due to their expectations of the study. The authors of 
the paper could have minimized this threat by contriving a cover story, only giving 
the real reason for the study when participants were debriefed. There is no indication 
that this attempt was made for this study. 

Reliability is compromised as it would be impossible to replicate the study. The au-
thors of the work are not fully transparent around the environments and activities of 
the participants for any condition. For instance, within the in-situ condition, the au-
thors simply state locations, such as cafeteria or bar, and some details, such as dark 
with changing light. To replicate the study, other researchers would need to know 
about all conditions, including environmental conditions, if participants were walking, 
sitting, were interrupted by friends and colleagues, and so forth. Any of these envi-
ronmental and social factors may impact the findings, yet were not published by the 
authors. 

Finally, the results of the study could be interpreted differently. Within the in-situ 
condition, fewer evaluators uncovered substantially more issues than the lab-based 
heuristic evaluation. While the second condition, the lab-based condition with scenar-
ios of use, uncovered more issues, this condition had a great number of evaluators, yet 
uncovered only 0.4% higher usability issues on average. Additionally, the in-situ 
study uncovered more critical usability issues, as well as issues where context had an 
impact. These latter issues were not surfaced within the lab-based studies. Conse-
quently, based on the threats to validity and reliability, it could be argued that the 
conclusion from Po et al., [33 p.55] that "there appears to be no additional benefit to 
immersing the evaluator in the context of use" appears to be premature. The authors 
of this paper argue that further research is needed around heuristic evaluations within 
and outside the lab, before coming to specific conclusions. 

The second approach used to consider context-of-use during heuristic evaluations 
has been to include one or more heuristics specifically addressing context-of-use. As 
can be seen within the mapping study conducted in the next section, this has been a 
more widely-conducted approach. While the face validity of this approach seems to 
be high given that evaluators can consider all the major areas of mobile usability, 
including context-of-use, the aim of this paper is to empirically test the approach. 



3 Approach 

Human-Computer Interaction (HCI) researchers and practitioners have several sets of 
heuristics from which to choose as they evaluate the usability of mobile applications. 
These include a traditional set of heuristics from Nielsen [4], as well as several sets of 
heuristics defined specifically for mobile. A common approach has been to include 
one or more heuristics that consider context-of-use, which is important from a mobile 
application usability perspective. However, as heuristic evaluations tend to be con-
ducted within a lab, how effective is this approach? 

To that end, the aim of the study was to consider the effectiveness of including one 
or more sets of heuristics that consider context-of-use from a mobile usability per-
spective. The approach taken was two-fold:  

1. A mapping study identified sets of heuristics used for mobile application usa-
bility evaluations 

2. An empirical evaluation measured the effectiveness of including one or more 
sets of heuristics that consider context-of-use from a mobile usability perspec-
tive 

3.1 Phase I: Mapping Study 

The mapping study followed the same protocol as defined within Salgado & Freire, 
[5], whereby the objective, research question, and inclusion criteria were defined: 

 
Objective: The main goal of the mapping study was to discover which heuristics are 
used to evaluate usability of mobile devices, and secondly, which elements of those 
sets of heuristics considered context-of-use.  

 
Research question(s):  

1. Based on the literature, which sets of heuristics are used to evaluate the usa-
bility of mobile applications? 

2. Which of the mapped sets of heuristics include one or more heuristics that 
consider context-of-use? 

 
Source search method: Sources will be discovered via Google using a search string 
using the keywords: usability, heuristics, heuristic evaluation, mobile, smartphone. 
 
Inclusion criteria: Publications written in English, indexed by academic journals and 
databases, discovered by use of one or more of the chosen keywords, focusing on sets 
of heuristics used to evaluate the usability of mobile technologies. 
 
The resulting sets of heuristics, as well as the associated heuristics related to context-
of-use, identified during the mapping study are displayed in Table 1: 

 



 
Table 1. Mobile application usability heuristics, including references to context-of-use 

Author(s) Usability heuristic(s) related to context-of-use 
Nielsen (1994) [4] (No contextual heuristics, and no approach defined 

as to how to consider the impact of context-of-use) 
 

Weiss (2002) [34] 
 

Design for Users on the Go 
 

Ji et al. (2006) [35] 
 

Flexibility: The user interface must be flexible so 
that adapts to various environments and users 
 

Bertini et al. (2006) [36] 
 

Ease of input, screen readability and glancability 
 Aesthetic, privacy and social conventions 
 

Joyce et al. (2014) [37] 
 

Cater for diverse mobile environments 
 

Inostroza et al. (2016) [38] (No contextual heuristics, and no approach defined 
as to how to consider the impact of context-of-use) 

3.2 Phase II: Empirical Evaluation 

Having addressed the first two research questions by mapping six sets of heuristics, 
the final research question to address was: 
 

3. To what extent can one or more of the mapped sets of heuristics measure the 
impact of context-of-use on mobile application usability within lab-based 
conditions? 

 
Addressing this research question by evaluating all six sets of heuristics may have 
proven to be too time-consuming. Consequently, three sets of heuristics were selected 
for an empirical evaluation. To avoid recognition bias, each set of the chosen heuris-
tics was labelled with a letter:  

• Set A: Nielsen (1994) [4] - Nielsen’s traditional heuristics appear to be 
commonly applied to mobile applications [5]. 

• Set B: Bertini et al. (2006) [36] - The heuristics from Bertini et al. were one 
of the first sets defined for mobile technologies. 

• Set C: Joyce et al. (2014) [37] - The heuristics from Joyce et al. were defined 
for mobile technologies and considered areas lacking in previously defined 
sets, such as the utilization of sensors to reduce the burden on the user. 

 
With the three sets of heuristics selected, a heuristic evaluation was conducted of a 

well-known travel mobile application. To conduct the evaluation, six evaluators were 
recruited for a within-subjects study using purposive sampling (4 Female, 2 Male). 
The experience level of the evaluators is shown in Table 2. 



Table 2. Experience level of evaluators 

Experience HCI (Years) Mobile HCI (Years) 
Range 1-20 

 
0-6 

Mean 7.5 
 

6.9 

SD 
 

2.91 
 

2.2 

 
    To avoid learning bias, the sets of heuristic were counterbalanced for every two 
evaluators (Table 3). 

Table 3. Order of heuristics 

Participant Order of heuristics 
P1, P6 Set B, Set C, Set A 

 
P2, P5 
 

Set A, Set B, Set C 

P3, P4 
 

Set C, Set A, Set B 
 

 
The study was conducted from February 26th, 2015 to March 16th, 2015. Many as-

pects of the study were controlled, whereby all participants used the same mobile 
device, the same version of the mobile application, and the environmental conditions 
within which the study was conducted were consistent. Participants attempted three 
tasks each on an LG G2 mobile device running Android 4.4.2 under good lighting and 
low ambient noise conditions, as would be expected in a usability testing lab. The 
tasks attempted were: 

1. Find a hotel near your current location using GPS for one adult that is 
available within the next two weeks. 

2. Find a return flight for one adult in economy class from London Heathrow 
to Paris. 

3. Read a review of a restaurant in the UK, marking the review as helpful. 
 
Having attempted each task, each participant conducted a heuristic evaluation us-

ing each set of the chosen heuristics: 
 

Set A: Nielsen (1994) [4] 
Heuristic 1: Visibility of system status.  The system should always keep users in-
formed about what is going on, through appropriate feedback within reasonable time 

 
Heuristic 2: Match between system and the real world.  The system should speak the 
users' language, with words, phrases and concepts familiar to the user, rather than 



system-oriented terms. Follow real-world conventions, making information appear in 
a natural and logical order.   

 
Heuristic 3: User control and freedom.  Users often choose system functions by mis-
take and will need a clearly marked "emergency exit" to leave the unwanted state 
without having to go through an extended dialogue. Support undo and redo.   

 
Heuristic 4: Consistency and standards. Users should not have to wonder whether 
different words, situations, or actions mean the same thing. Follow platform conven-
tions.   

 
Heuristic 5: Error prevention.  Even better than good error messages is a careful de-
sign which prevents a problem from occurring in the first place. Either eliminate er-
ror-prone conditions or check for them and present users with a confirmation option 
before they commit to the action.   

 
Heuristic 6: Recognition rather than recall.  Minimize the user's memory load by 
making objects, actions, and options visible. The user should not have to remember 
information from one part of the dialogue to another. Instructions for use of the sys-
tem should be visible or easily retrievable whenever appropriate.   

 
Heuristic 7: Flexibility and efficiency of use.  Accelerators -- unseen by the novice 
user -- may often speed up the interaction for the expert user such that the system can 
cater to both inexperienced and experienced users. Allow users to tailor frequent ac-
tions.   

 
Heuristic 8: Aesthetic and minimalist design.  Dialogues should not contain infor-
mation which is irrelevant or rarely needed. Every extra unit of information in a dia-
logue competes with the relevant units of information and diminishes their relative 
visibility.   

 
Heuristic 9: Help users recognize, diagnose, and recover from errors.  Error messages 
should be expressed in plain language (no codes), precisely indicate the problem, and 
constructively suggest a solution.   

 
Heuristic 10: Help and documentation.  Even though it is better if the system can be 
used without documentation, it may be necessary to provide help and documentation. 
Any such information should be easy to search, focused on the user's task, list con-
crete steps to be carried out, and not be too large.   
 
Set B: Bertini et al. (2006) [36] 
Heuristic 1: Visibility of system status and losability/findability of the mobile device.  
 
Heuristic 2: Match between system and the real world.  

 



Heuristic 3: Consistency and mapping.  
 

Heuristic 4: Good ergonomics and minimalist design.  
 

Heuristic 5: Ease of input, screen readability and glancability.  
 

Heuristic 6: Flexibility, efficiency of use and personalization.  
 

Heuristic 7: Aesthetic, privacy and social conventions.  
 

Heuristic 8: Realistic error management.  
 

Set C: Joyce et al. (2014) [37] 
SMART1: Provide immediate notification of application status. Ensure the mobile 
application user is informed of the application status immediately and as long as is 
necessary. Where appropriate do this non-intrusively, such as displaying notifications 
within the status bar. 

 
SMART2: Use a theme and consistent terms, as well as conventions and standards 
familiar to the user. Use a theme for the mobile application to ensure different screens 
are consistent. Also create a style guide from which words, phrases and concepts fa-
miliar to the user will be applied consistently throughout the interface, using a natural 
and logical order. Use platform conventions and standards that users have come to 
expect in a mobile application such as the same effects when gestures are used. 

 
SMART3: Prevent problems where possible; Assist users should a problem occur. 
Ensure the mobile application is error-proofed as much as is possible. Should a prob-
lem occur, let the user know what the problem is in a way they will understand, and 
offer advice in how they might fix the issue or otherwise proceed. This includes prob-
lems with the mobile network connection, whereby the application might work offline 
until the network connection has been re-established. 

 
SMART4: Display an overlay pointing out the main features when appropriate or re-
quested. An overlay pointing out the main features and how to interact with the appli-
cation allows first-time users to get up-and-running quickly, after which they can 
explore the mobile application at their leisure. This overlay or a form of help system 
should also be displayed when requested. 

 
SMART5: Each interface should focus on one task. Being focusing on one task en-
sures that mobile interfaces are less cluttered and simple to the point of only having 
the absolute necessary elements onscreen to complete that task. This also allows the 
interface to be glanceable to users that are interrupted frequently. 

 



SMART6: Design a visually pleasing interface. Mobile interfaces that are attractive 
are far more memorable and are therefore used more often. Users are also more for-
giving of attractive interfaces. 

 
SMART7: Intuitive interfaces make for easier user journeys. Mobile interfaces should 
be easy-to-learn whereby next steps are obvious. This allows users to more easily 
complete their tasks. 

 
SMART8: Design a clear navigable path to task completion. Users should be able to 
see right away how they can interact with the application and navigate their way to 
task completion. 

 
SMART9: Allow configuration options and shortcuts. Depending on the target user, 
the mobile application might allow configuration options and shortcuts to the most 
important information and frequent tasks, including the ability to configure according 
to contextual needs. 

 
SMART10: Cater for diverse mobile environments. Diverse environments consist of 
different types of context of use, such as poor lighting conditions and high ambient 
noise are common issues mobile users have to face every day. While the operating 
system should allow the user to change the interface brightness and sound settings, 
developers can assist users even more for example by allowing them to display larger 
buttons and allowing multimodal input and output options. 

 
SMART11: Facilitate easier input. Mobile devices are difficult to use from a content 
input perspective. Ensure users can input content more easily and accurately by, for 
instance displaying keyboard buttons that are as large as possible, as well as allowing 
multimodal input and by keeping form fields to a minimum. 

 
SMART12: Use the camera, microphone and sensors when appropriate to lessen the 
user's workload. Consider the use of the camera, microphone and sensors to lessen the 
users’ workload. For instance, by using GPS so the user knows where they are and 
how to get there they need to go, or by using OCR and the camera to digitally capture 
the information the user needs to input, or by allowing use of the microphone to input 
content. 

 
Prior to re-evaluating the mobile application with a different set of heuristics, partici-
pants conducted each task once more. Any issues surfaced during the evaluation were 
allocated with a severity rating by each participant. The severity ratings were adapted 
from Sauro [39]: 

• Minor: Causes some hesitation or irritation 
• Moderate: Causes occasional task failure for some users or causes delays 

and moderate irritation 
• Critical: Leads to task failure or causes extreme irritation 



4 Results and Discussion 

Using the three sets of heuristics, the six evaluators found a total of 145 usability 
issues (Mean=48, SD=9) during the evaluation (Figure 1). 
 

 

Fig. 1. Issues found during the heuristic evaluation. 

Yet, only five minor issues (3.45%) were raised by two (P1 & P6) of the six evalu-
ators relating to context-of-use. All issues related to context-of-use were raised by the 
heuristics from Joyce et al. [37], with no context-of-use issues raised during the eval-
uations using the heuristics from Nielsen [4] and Bertini et al. [36]. The comments 
associated with the issues related to context-of-use stated only that there was no indi-
cation that the app changed to adapt to various scenarios. Thus, even though issues 
had been raised, accurately measuring the impact of context-of-use on mobile applica-
tion usability would prove challenging. Consequently, HCI designers would be unable 
to make changes that might reduce the impact of context-of-use on the usability of the 
mobile application. 

Other researchers may argue that a relatively small number of evaluators partici-
pated in the study. However, the study represents a real-world scenario, given that the 
recommended number of evaluators for a heuristic evaluation is five [40]. 



5 Conclusion 

Heuristic evaluation has been recognized as a fast, effective, and inexpensive ap-
proach to evaluating the usability of software applications. When applied to mobile 
applications, context-of-use should be an important consideration of heuristic evalua-
tions. A common practice, therefore, has been to include one or more heuristics dedi-
cated to the consideration of context-of-use within sets of heuristics defined for mo-
bile applications.  

This work investigates this practice by mapping sets of heuristics used to evaluate 
the usability of mobile applications, listing specific heuristics that consider context-
of-use, then empirically testing the extent to which these sets of heuristics can meas-
ure the impact of context-of-use on mobile application usability within lab-like condi-
tions. It is important to note that this work is not an argument for nor against lab or 
field studies. The authors agree with Tan et al. [41] that both are needed at various 
points in the mobile application development life cycle. As stated by Kjeldskov and 
Skov [42], “The important question is not if or why one should do lab or field studies, 
but rather when we should do what”. Rather, the authors question the utility of at-
tempting to include inherently complex areas of context-of-use within limited sets of 
mobile application usability heuristics. Based on an empirical test of three sets of 
heuristics, the authors conclude that the commonly applied approach of including 
context-of-use as part of mobile application usability heuristics is not effective. 

To address this issue, initial work has started on an alternative framework [43]. 
The proposed framework will allow HCI practitioners and researchers to measure the 
impact of changing contexts-of-use on the major elements of mobile application usa-
bility. While the framework based on context-of-use analysis defined by Maguire [7], 
it differs in several ways from that authors work and from the common practice of 
including context-of-use with heuristics, whereby the proposed framework: 

• Decouples the complexity of context-of-use from the equally complex 
field of usability, addressing one of the concerns from a respondent in a 
related survey [37], who stated that “[there are] so many contexts for mo-
bile use” 

• Is aimed at dynamic and fast-paced development environments 
• Is defined specifically for evaluating the usability of mobile applications 

 
Subsequently, the proposed framework addresses several limitations of context-of-

use analysis, namely “The reader may feel that the method is too heavyweight and 
will require the generation of lots of paperwork by several people” [7, p.480] and 
“Another question is how the Context of Use should be addressed in a more dynamic 
development environment…where the requirements, expectations and perceived op-
portunities are evolving all the time” [7, p. 481]. To that end, by decoupling context-
of-use from usability, the proposed framework can be used as a lightweight approach 
to measure the impact of context-of-use on mobile applications that may be used in 
varying contexts, by fast-paced agile and continuous delivery teams. 



6 References 

1. Nielsen, J., Molich, R.: Heuristic evaluation of user interfaces. In: SIGCHI conference on 
Human factors in computing systems, pp. 249–256 (1990) 

2. Maguire, M.: Methods to support human-centred design. International Journal of Human-
Computer Studies, 55(4), pp. 587–634, (2001) 

3. Bernhaupt, R., Mihalic, K., Obrist, M.: Usability Evaluation Methods for Mobile Applica-
tions. In: Lumsden, J. (ed.) Handbook of Research on User Interface Design and Evalua-
tion for Mobile Technology: IGI Global (2008) 

4. Nielsen, J.: Heuristic evaluation. In: Nielsen, J., and Mack, R.L. (Eds.), Usability Inspec-
tion Methods, John Wiley & Sons, New York, NY, (1994) 

5. Salgado, A., Freire, A. P.: Heuristic Evaluation of Mobile Usability: A Mapping Study. In 
International Conference on Human-Computer Interaction, pp. 178–188, (2014) 

6. Rogers, Y., Sharp, H., Preece, J.: Interaction Design: beyond human-computer interaction. 
John Wiley & Sons (2011) 

7. Maguire, M.: Context of Use within usability activities. International Journal of Human-
Computer Studies, vol. 55, no. 4, pp. 453–483, (2001) 

8. Wigelius, H., Väätäjä, H.: Dimensions of context affecting user experience in mobile 
work. In Lecture Notes in Computer Science, including subseries Lecture Notes in Artifi-
cial Intelligence and Lecture Notes in Bioinformatics, vol. 5727 LNCS, pp. 604–617, 
(2009) 

9. Tsiaousis, A. S.: Ad hoc context of use in Mobile Usability Evaluation. International Jour-
nal of Computer Systems, 2(6), pp. 253–256, (2015) 

10. Savio, N., Braiterman, J.: Design Sketch : The Context of Mobile Interaction. Mobile HCI, 
pp. 284 – 286, (2007) 

11. Eshet, E., Bouwman, H.: Addressing the Context of Use in Mobile Computing: a Survey 
on the State of the Practice. Interacting with Computers, iwu002-. 
http://doi.org/10.1093/iwc/iwu002, (2014) 

12. Gould, J.D., Lewis, C.: Designing for usability: key principles and what designers think. 
Communications of the ACM, 28, pp. 300–311, (1985) 

13. Gerhardt‐Powals, J.: Cognitive engineering principles for enhancing human‐computer per-
formance. International Journal of Human-Computer Interaction, vol. 8, pp. 189–211, 
(1996) 

14. Hollingsed, T., Novick, D.G.: Usability inspection methods after 15 years of research and 
practice. In: 25th annual ACM international conference on Design of communication, 
(SIGDOC '07), El Paso, Texas, USA, October 22-24, (2007) 

15. Albion, P.R.: Heuristic Evaluation of Educational Multimedia: From Theory to Practice. 
Proceedings ASCILITE 1999, Proceedings of the 16th Annual Conference of the Australa-
sian Society for Computers in Learning in Tertiary Education: Responding to Diversity. 
pp. 9–15. Australasian Society for Computers in Learning in Tertiary Education 
(ASCILITE), (1999) 

16. Baker, K., Greenberg, S., Gutwin, C.: Heuristic Evaluation of Groupware Based on the 
Mechanics of Collaboration. Engineering for Human-Computer Interaction. pp. 123–139 
(2001) 

17. Mankoff, J., Dey, A.K. a. K., Hsieh, G., Kientz, J., Lederer, S., Ames, M.: Heuristic Eval-
uation of Ambient Displays. Proc. SIGCHI Conf. Hum. factors Comput. Syst., pp. 169–
176 (2003) 

18. Magoulas, G.D., Chen, S.Y., Papanikolaou, K.A.: Integrating layered and heuristic evalua-
tion for adaptive learning environments. In: Second Workshop on Empirical Evaluation of 

http://doi.org/10.1093/iwc/iwu002


Adaptive Systems, held at the 9th International Conference on User Modeling UM 2003, 
Pittsburgh., pp. 5–14, (2003) 

19. Desurvire, H., Caplan, M., Toth, J.: Using heuristics to evaluate the playability of games. 
In: CHI ’04 Ext. Abstr. Hum. Factors Comput. Syst., pp. 1509–1512, (2004) 

20. Graham, M.J., Kubose, T.K., Jordan, D., Zhang, J., Johnson, T.R., Patel, V.L.: Heuristic 
evaluation of infusion pumps: Implications for patient safety in Intensive Care Units. Int. J. 
Med. Inform. 73, pp. 771–779, (2004) 

21. Zhou, A.T., Blustein, J., Zincir-Heywood, N.: Improving intrusion detection systems 
through heuristic evaluation. Electr. Comput. Eng. 2004. Can. Conf. 3, pp. 1641–1644, 
(2004) 

22. Sutcliffe, A., Gault, B.: Heuristic evaluation of virtual reality applications. Interact. Com-
put., 16, pp. 831–849, (2004) 

23. Chen, S.Y., Macredie, R.D.: The assessment of usability of electronic shopping: A heuris-
tic evaluation. Int. J. Inf. Manage. 25, pp. 516–532, (2005) 

24. Alsumait, A.A., Al-Osaimi, A.: Usability Heuristics Evaluation for Child E-learning Ap-
plications. J. Softw., 5, pp. 425–430, (2010) 

25. Kirmani, S., Rajasekaran, S.: Heuristic evaluation quality score (HEQS): A measure of 
heuristic evaluation skills. Journal of Usability Studies 2 (2), pp. 61-75, (2007)  

26. Wilson, C.: User Interface Inspection Methods: A User-Centered Design Method. Morgan 
Kaufmann, (2013) 

27. Law, E., Hvannberg, E.: Analysis of strategies for improving and estimating the effective-
ness of heuristic evaluation. Proceedings of the 3rd Nordic conference on Human-computer 
interaction (NordiCHI'04), Tampere, Finland, October 23-27, (2004)   

28. Ketola, P., Röykkee, M.: The three facets of usability in mobile handsets. CHI 2001 Work-
shop: Mobile Communications: Understanding Users, Adoption & Design, (2001) 

29. Beck, E., Christiansen, M., Kjeldskov, J., Kolbe, N., Stage, J.: Experimental Evaluation of 
Techniques for Usability Testing of Mobile Systems in a Laboratory Setting. New Direc-
tions in Interaction: Information Environments, Media and Technology Conference (Ozchi 
2003), Brisbane, Australia, (2003) 

30. Al-razgan, M. S., Al-khalifa, H. S., Al-shahrani, M. D.: Heuristics for Evaluating the Usa-
bility of Mobile Launchers for Elderly People. Design, User Experience, and Usability. 
Theories, Methods, and Tools for Designing the User Experience, pp. 415–424, (2014) 

31. Dey, A. K.: Understanding and Using Context. Personal and Ubiquitous Computing Jour-
nal, 1(5), pp. 4–7, (2001) 

32. Bentley, F., Barrett, E.: Building Mobile Experiences. MIT Press, Cambridge, (2012) 
33. Po, S., Howard, S., Vetere, F., Skov, M.B.: Heuristic Evaluation and Mobile Usability: 

Bridging the Realism Gap. Mobile Human-Computer Interaction – MobileHCI 2004. Lec-
ture Notes in Computer Science, 2004, Volume 3160/2004, pp. 591-592, (2004) 

34. Weiss, S.: Handheld usability. John Wiley & Sons, (2003) 
35. Ji, Y., Park, J., Lee, C., Yun, M.: A usability checklist for the usability evaluation of mo-

bile phone user interface. International Journal of Human-Computer Interaction 20 (3), pp. 
207- 231, (2006) 

36. Bertini, E., Gabrielli, S., Kimani, S.: Appropriating and assessing heuristics for mobile 
computing. Proceedings of Working conference on Advanced Visual Interfaces (AVI 
2006), Venezia, Italy, May 23-26, (2006) 

37. Joyce, G., Lilley, M.: Towards the Development of Usability Heuristics for Native 
Smartphone Mobile Applications. Design, User Experience, and Usability. Theories, 
Methods, and Tools for Designing the User Experience, pp. 465–474, Springer Interna-
tional Publishing, (2014) 



38. Inostroza, R., Rusu, C., Roncagliolo, S., Rusu,V., Collazos, C.: Developing SMASH: A set 
of SMArtphone's uSability Heuristics. Computer Standards & Interfaces 43, pp. 40-52, 
(2016) 

39. Sauro, J.: Rating The Severity Of Usability Problems. Available Online: 
http://www.measuringu.com/blog/rating-severity.php, (2013). 

40. Nielsen, J.:. Finding usability problems through heuristic evaluation. Proceedings of the 
SIGCHI conference on Human factors in computing systems (CHI 1992), Monterey, Cali-
fornia, (1992) 

41. Tan, C., Silva, A., Lee, R., Wang, K., Nah, F. F.: HCI Testing in Laboratory or Field Set-
tings. In: International Conference on HCI in Business, Government and Organizations, 
pp. 110–116, (2016) 

42. Kjeldskov, J., Skov, M. B.: Was it Worth the Hassle? Ten Years of Mobile HCI Research 
Discussions on Lab and Field Evaluations. ACM, pp. 43–52, (2014) 

43. Joyce, G., Lilley, M., Barker, T., Jefferies, A.: Evaluating the impact of changing contexts 
on mobile application usability within agile environments. In: Future Technologies Con-
ference (FTC), pp. 476-480, IEEE, (2016) 


	1 Introduction
	2 Background
	2.1 Usability Principles
	2.2 Addressing Context-of-use

	3 Approach
	3.1 Phase I: Mapping Study
	3.2 Phase II: Empirical Evaluation

	4 Results and Discussion
	5 Conclusion
	6 References

