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Abstract. Heuristic evaluation (HE) can be used to effectively identify usability
issues in various interfaces. However, it has not been widely used in evaluating
smartphone apps, especially in the health and fitness domain. One reason is the
lack of HCI experts, which makes incorporating HE into the design process
difficult. This paper presents the results of a study that compared HE performed
by three HCI experts and three novices in evaluating a gamification app for health
and fitness on a smartphone. The study used Smartphone Mobile Application
heuRisTics (SMART), which focuses on smartphone apps, and a severity rating
scale to determine the severity of the usability issues. These issues were mapped
to the SMART heuristic. The findings indicate that novices may identify usability
issues that the experts overlooked. While the experts identified eighteen usability
issues, the novices found only four; however, the novice’s findings may be used
as a substitute for HE when experts are unavailable. Both experts and novices
identified two similar usability issues, but their severity ratings differed. One
possible solution to address the lack of usability issues identified by novices in HE
is to use more novices instead of experts in the evaluation process.

Keywords: experts; gamification; heuristic evaluation; health and fitness; novices;
smartphone app.

1 Introduction

The advent of digital technology has significantly changed the way people
interact with various devices as they spend significant amounts of time on
computers, tablets, smartphones, and television. Unfortunately, the excessive use
of technology has led to unhealthy habits, particularly among teenagers, such as
excessive television time and uncontrollable extreme dieting [1]. In 2011,
teenagers spent nearly two hours a day on online activities and approximately
three hours watching TV [2]. Meanwhile, the average daily smartphone time was
almost three hours in 2019 [3]. Consequently, their physical activity time has
significantly reduced, leading to physical and mental issues [4]. Regular exercise
can reduce stress, anxiety, depression, obesity, coronary heart disease, heart
failure, and cancers, among other health issues [5], [6]. Therefore, it is essential
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to encourage individuals, particularly teenagers, to engage in regular physical
activity to maintain good health and wellbeing in the digital age.

Digital technologies have become increasingly important tools for promoting
health and fitness activities [7], transforming how people seek help anonymously
and autonomously and encouraging them to seek assistance on critical health
issues such as alcohol consumption [8], to support consumer healthcare [9], and
to promote changes in behavior interventions [10]. Wearable technology has also
been used to promote health and fitness, revolutionizing the design and use of
technology to enhance health and fitness [11], as exemplified by devices such as
Fitbit Flex, Garmin Vivo Active, and Apple Watch. Smartphones and wearable
technology have redefined the design of health and fitness improvements using
gamification. Gamification is an emerging approach to instruction that uses game
elements, game mechanics, and game-based thinking to facilitate learning and
motivation [12]. It has been defined as using design elements useful in non-game
contexts [13]. To be effective, gamified technology must be designed to
outperform certain development models and influence people’s beliefs, attitudes,
or behaviors. For instance, in health and fitness activities, a developer may
transform a non-game activity, such as exercising at home using different fitness
styles, into a game that could potentially increase enjoyment and engagement by
incorporating game elements, such as earning badges for fitness performance
[14]. Designers must consider all factors, including input of users on how they
think, feel, and behave, and use that information or knowledge in the design of
technology [15]. Previous studies have demonstrated the positive impact of
gamification on motivating behavioral changes in health. For example, it
increases students’ sense of recognition through success or failure and
achievement [16]. Additionally, it enables users to experience different emotions,
such as frustration and anxiety. Previous research has suggested that carefully
designing tasks and activities with an appropriate level of challenge or difficulty
is crucial in reducing anxiety or high frustration levels [17].

Heuristics evaluation (HE) is a method for determining the usability of a user
interface. It involves multiple evaluators to ensure that all usability issues are
identified. Research has shown that involving five evaluators can identify up to
75% of usability issues, compared to only 25% with just one evaluator [18].
Nielsen [19] suggested using three to five evaluators would identify 75% of
usability issues. HE can be conducted by an expert with experience and
understanding of interfaces [20]. However, it is not mandatory, and HE can be
performed by domain knowledge experts, usability experts, or both [21]. HE has
many advantages, such as being relatively inexpensive and fast, being conducted
at any point in product development, identifying most issues, and providing an
overview of the complete design [22]. This study used HE to identify usability
issues in a health and fitness smartphone app, particularly focusing on the user
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interface design. The aim was to provide valuable insights into improving the
app’s user experience (UX).

2 Rationale

A comprehensive analysis of 1,017 studies involving 10,449 participants has
shown that remaining engaged in online programs is challenging, but
gamification can increase engagement and enjoyment [23]. Gartner [24] revealed
that up to 80% of failed gamification systems were poorly designed. In the health
and application domain, the failure of gamification relies too much on motivating
individuals and less on ‘proper skill development’, which can significantly
impact behavioral changes [25]. Therefore, it is crucial to understand the concept
of gamification, its mechanics, and how it can increase user motivation and
engagement in physical activity [26]. Addressing the lack of HE integration in
evaluating usability issues for health and fitness applications is also essential. For
instance, studies [27], [28], and [29] only carried out usability evaluations without
conducting HE for their developed app. Also, the lack of HE-integrating studies
focusing on the gamification of health and fitness applications contributed to only
4% of 1,680 applications examined meeting the criteria [30]. Studies [31] and
[32] incorporated the concept of gamification for their developed applications.
Moreover, [33], [34] only used traditional Nielsen heuristics to assess the app’s
usability. Furthermore, there is a lack of research studies integrating HE between
two different groups of experts and novices for health- and fitness-related
applications. Therefore, this study aimed to (1) compare the usability issues of a
health and fitness gamification application found by novices and experts; (2)
determine whether novice evaluators are effective in identifying usability issues
compared to experts; (3) use specific heuristics for smartphones in HE between
the novice and expert groups.

3 Methodology

The Play4Fit app is a bespoke native Android-based application developed
specifically for this study. Mobile Application Development Life Cycles [35]
guided the smartphone app’s design, development, and evaluation. This
methodology comprised seven stages: identification, design, development,
prototyping, testing, deployment, and maintenance. Only the first five stages will
be highlighted here. During the first stage, the user requirements were analyzed
by examining current issues with mobile gamification for health and fitness. Ideas
from the current design of gamification applications were also considered. In
addition, this study’s target users, physical activity, and location were identified.
The Play4Fit app focuses on physical activities such as running, walking, jogging,
and kayaking, which takes place on university grounds, including stadiums,
lakeside, and kayak recreation facilities. Finally, the Play4Fit app was designed
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to address user engagement with the gamification app. The ideas from the first
stage were then transformed into the initial design of the Play4Fit app by
developing a storyboard user interface, which underwent three iterations.
Subsequently, the storyboards were evaluated with targeted users to get feedback.

Figure 1 The first iteration of the storyboard.

Tinser dnterface Accamplish Interface Level 2 Interface

Figure 2 The final iteration of the storyboard for part of the activity of Play4Fit.
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Figure 1 depicts the hand-drawn Play4Fit app storyboard. Later, the final version
was developed using a wireframe tool to enhance its quality. Due to space
limitations, only a portion of the final storyboard is displayed in Figure 2. The
development of the Play4Fit app involved two distinct phases: (1) the app’s core
functionality was programmed, which included gamification elements such as
badges, trophies, and leaderboards; (2) creating an intuitive user interface that
would enhance the overall look and feel of the app. The Android SDK software
was used for coding purposes, while the graphic design was created using the
Adobe CS6 software. Figure 3 illustrates the final gameplay of the app. When
users launch the app for the first time, they are redirected to the Sign up page and
upon successful registration they are redirected to the Sign in page. After logging
in, the users receive instructions and a map displaying the activity’s location. The
user is then guided through the app’s usage and asked to complete various
activities at specific locations. The activities and locations presented to the user
are based on the game’s elements of different levels, and the user must complete
the activity within a given timeframe. After completing each activity, they can
collect rewards and progress to the next level. The gameplay was designed using
gamification elements such as levels, badges, trophies, and leaderboards to
engage and motivate the user.

e 8 o
Figure 3 Final gameplay of Play4Fit.
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This study employed the SMART heuristic developed by [36] to evaluate the
usability of smartphone apps. The rationale for choosing the SMART heuristic in
this study as specific heuristics was that it is well suited for a specific domain in
detecting usability issues. While general heuristics are easy to use, they may not
cover all usability issues for a specific domain. Other heuristics for smartphone
apps are also available, as described in [37] and [38]. The Nielsen heuristic was
not selected due to its weakness in addressing smartphone app usability issues, as
highlighted by [37]. The mobile interface heuristic in [39] was not used because
it does not focus on smartphone app icon usability. The TMD heuristics
developed in [40] was not selected because it uses the same classification as
Nielsen’s heuristic. SMASH [38] and MATcH [41] were excluded due to similar
problems identified in [36].

This study followed the standard procedure for HE. Six participants (three experts
and three novices) were recruited to conduct the HE. The experts in this study
were HCI lecturers aged 35 and 45 years, with extensive experience conducting
various usability evaluations, well-versed with the process, and having conducted
numerous HEs using different sets of heuristics. On the other hand, the novice
evaluators were third-year undergraduate students pursuing Cognitive Science as
their major. They had received relevant training, completed several courses in
HCI, and had been exposed to various usability evaluation methods during their
course. This study strictly followed all ethical procedures, as it involved human
participants. The participants were briefed on the objectives and procedure of the
HE evaluation and were assigned to two groups: experts and novices. Instructions
sheets were provided as a guide. They were informed that their participation was
voluntary, and they were asked to sign an informed consent form. The
participants were told to take as much time as needed and were not rewarded for
their participation. They were also informed they could withdraw from the
evaluation process without prejudice. Participants were asked to familiarize
themselves with the Play4Fit apps before conducting the HE. They were then
asked to conduct HE individually and to browse the Play4Fit apps screen by
screen before recording any usability issues on the provided sheets. Participants
were asked to use severity rating scales: (0 — no usability issues at all, 1 — cosmetic
usability issues, 2 —minor usability issues, 3 —major usability issues, 4 — usability
catastrophe) [42] to rate the severity of the usability issues they found. After
completing the evaluation, they were asked to discuss the usability issues and
map them with the SMART heuristic. A SMART heuristic checklist was provided
to guide the mapping. At the end of the HE, the researchers thanked the
participants for their contribution and addressed their questions. After the HE was
completed, the researchers consolidated the usability issues and compared the
findings between the expert and novice groups.
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4 Results

Table 1 summarizes the results of the HE conducted by the experts and novices,
with the average severity rating being AVE and the corresponding SMART
heuristic (#) for each usability issue identified. A total of 20 usability issues were
found, with experts identifying 18 issues and novices identifying only 4. Two
issues were found by both the experts and the novices, namely issue no. 3 and
issue no. 10, but the experts and novices had different average severity ratings
and disagreed on the SMART heuristic category for both issues. Issue no. 3 had
a severity rating of 3.0 but with different SMART heuristic classifications, where
the experts suggested #11 while the novices suggested #6. Similarly, for usability
issue no. 10, the average severity ratings of experts and novices were 2.0 and 1.0,
respectively.

Table 1  Average severity rating and SMART heuristics for experts and novices.

. Average Severity
No. Usability Issues .
Rating

Expert  Novice
AVE # AVE #

L Too little information on the trophy interface to inform the user 200 #6
' clearly about rewards. '

In each interface, the contrast icon and background do not
2. 2.00 #6
match.

The pointer location icon on the map interface is not like an
3 3.00 #11 3.00
icon that can ‘click.’

There is no specific button (on the map interface) to return to
4. ] 3.00 #6
the welcome interface.

. The home icon that navigates the user back to the map interface 300 6
" does not reflect the image. '

6.  The start button on the timer interface has an unclear function.  2.00 #6
7. Information on the interface badges is not exactly accurate. 200 #5
8. The instructions for a certain level are too long. 200 #5
9.  The button is not consistent across all interfaces. 200 #2
10. The app’s background is not related to the fitness theme. 2.00 #2 1.00 #2
11. The font is not consistent. 2.00 #2

12. The image for each tutorial interface did not match the activity. 2.00  #2
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13. The icon makes it understandable. 200 #5

The back button in each instruction location interface is an
14. o ) 4,00 #6
intelligible and redundant function.

The function of the exit button is not precise on a well-done

15. 3.00 #6
interface.

16. You do not need to Sign up & Sign in. 3.00 #5

17. No state completion when each level is finished. 3.00 #1
The alert sound on the timer interface during the activity

18. 3.00 #1

session.

The interface login should be on the first interface after the
19. ] 200 #5
splash screen interface.

Button logout is supposed to be at the top of the Welcome
20. 1.00 #6
interface.

The expert group identified a highest rating of 4.0 for usability issue no. 14, while
the novice group identified a highest rating of 3.0 for usability issue no. 3. The
novice group identified only one major usability issue, accounting for 25% of the
total issues, while the expert group identified 7 out of 18 usability issues,
accounting for 39%.

After the HE, changes were made to Play4Fit. Examples of these changes can be
seen in Figures 4 through 7. Specifically, Figure 4(a) and Figure (4b) demonstrate
changes made to improve the visibility of reward information to address usability
issue no. 1 as highlighted by the experts. In response to issue no. 7, also identified
by the expert group, more information was added to each section to improve the
user’s understanding, as shown in Figures 5 (a) and 5(b). Finally, both the experts
and the novices highlighted issue no. 3 regarding the map interface. Figures 6(a)
and 6(b) demonstrate the changes. The evaluators found the location icon unclear,
as it did not suggest tapping. Therefore, changes were made to the icon’s
affordance to enhance its function. Additionally, only the active level 1 location
icon is displayed in white/red, while the inactive icon is in black. The expert
group identified issue no. 14 concerning the ‘back’ button on the location 1
interface. They noted that this button had the same function as the compass icon
on the top left of the screen in Figure 7(a). In response (Figure 7(b)), the ‘back’
button was removed from the interface to eliminate redundancy and enhance the
UX.
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Figure 4 (a) leftand (b) right: The Figure 5 (a) left and (b) right: The
trophy interface before and after badges interface before and after
HE. HE.
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|
{

b’ ] BN oA

L it o N C R
e ) & L e Y 1. ol e . K
Figure 6 (a) left and (b) right: The Figure 7 (a) left and (b) right: The
map interface before and after HE. location 1 interface before and after
HE.
5 Discussion

Different types of usability evaluation have varying impacts on different stages
of system development. User testing and expert evaluation are crucial in the
system development lifecycle, allowing for identifying different issues at
different stages. HE is a type of evaluation carried out during the early stages of
system development and is usually conducted by an expert, although non-experts
can carry it out as well. Perfetti [43] noted a growing trend of using non-usability
experts in conducting HE due to its cost-effectiveness and ease of
implementation. However, it is crucial to understand how individuals with
varying levels of expertise assess the gamification of health and fitness, as experts
and novices possess different knowledge and skills in usability. Furthermore,
novices have limited knowledge of HCI design, lack experience, and may identify
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only certain usability problems in a mobile interface. Conversely, experts can
easily retrieve critical aspects of their expertise [44]. In our study, the experts
identified there was too little information in the design of the trophic page and
that only limited information was provided to the user on how to collect their
reward (See Figure 4(a)). This issue was mapped with SMART #6, which
suggests that a mobile interface should be designed with a simple navigable path
and comprehensive information and instructions to enable users to accomplish
their goals.

The experts also identified similar issues on different interfaces, indicating
unclear information and instructions on collecting all badges were prevalent (see
Figure 5(a)). A well-designed interface should provide clear and concise
information and instructions for users to complete the tasks [45]. The expert
evaluators used their knowledge and experience to assess the interface, while the
novices drew from their past experiences with similar systems and limited
knowledge from various courses. While this study confirms previous research
that experts identify more usability issues than novices, as [46] suggested, it is
important to note that the previous study used a different HE method, namely
Collaborative Heuristic Evaluation.

Moreover, this study confirmed earlier findings that novices may also identify
issues missed by experts across different HE methods using various heuristics
and domain sets [47]. For instance, a prior study demonstrated that novice website
users identified issues overlooked by experts [48]. Thus, this study reinforces the
importance of including both expert and novice HE participants, given that they
are future users of the app, which was designed based on feedback from
university students. In this study, the novices identified two usability issues
missed by the experts, emphasizing the significance of having both groups of
evaluators. First, the novices recognized that the Sign in interface should be
placed after the splash screen interface, drawing from their experience with
various smartphone applications that placed it on the first page. This ensures
clarity for users who already have an account and need to log in. As a result, it is
easier to log into the first-page interface to prevent users from being confused and
disrupting the UX and the quality of interaction with the app. The novice
feedback corresponded to SMART #5, emphasizing the importance of using an
intuitive interface to navigate the health and fitness app smoothly. Thus, novices
may perform equally well or better than experts in identifying usability problems
[49]. This study utilized SMART heuristics instead of traditional Nielsen
heuristics, as not all usability issues can be mapped out with Nielsen’s heuristic.
Additionally, this study successfully mapped all usability issues to different
SMART heuristics, unlike previous studies that showed Nielsen’s heuristics fails
to map all usability issues (i.e. [36,37,40]).
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6 Conclusion

This study aimed to compare usability issues identified by experts and novices
using heuristic evaluation (HE) on a health and fitness gamification application.
The study identified 20 usability issues, with 18 identified by experts, four by
novices, and two identical issues identified by both groups. However, it is
important to acknowledge the perspective of novices, as they may identify
usability issues that are overlooked by the experts, highlighting the importance
of including both groups in evaluations. The study found that most usability
issues identified by both groups were linked to SMART heuristic #6, which
emphasizes designing a visually pleasing interface. A visually attractive interface
enhances engagement and meaningful UX in health and fitness apps. Addressing
usability issues before users can use them is crucial, as users often forgive a
visually pleasing interface. This study revealed that two usability issues were
identified by both groups and were rated differently in terms of their severity,
indicating a potential disagreement between the two groups’ views on the impact
of such issues on users. Further research should explore the usability issues
reported in the health and fitness gamification app literature and consider the
consequences of not implementing HE in developing HE or other factors
contributing to the UX.

Acknowledgements

We gratefully acknowledge the grant from the Ministry of Higher Education
Malaysia (KPT) (FRGS/1/2020/SSI0/UNIMAS/02/4).

Reference

[1] Mellin, A. E., Neumark-Sztainer, D., Story, M., Ireland, M., & Resnick,
M. D. Unhealthy behaviors and psychosocial difficulties among
overweight adolescents: the potential impact of familial factors. Journal of
Adolescent Health, 31(2), pp. 145-153, 2002.

[2] Thomas. L. Children spend more time at computers or tv than exercising
every week. Daily Mail Online, 2011.
http://www.dailymail.co.uk/sciencetech/ article-1352361/Children-spend-
time-computers-TV-exercising-week.html.

[3] Wurmser. Y. Time spent with media 2019.
https://www.emarketer.com/content/us-time-spent-with-mobile-2019.
2019.

[4] Shephard, R. J. A history of health & fitness: Implications for policy today.
Springer International Publishing. 2018.

[5] Hamilton, M. T., Healy, G. N., Dunstan, D. W., Zderic, T. W., & Owen,
N. Too little exercise and too much sitting: inactivity physiology and the


http://www.dailymail.co.uk/sciencetech/
https://www.emarketer.com/content/us-time-spent-with-mobile-2019

25

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

HE of Play4Fit Health and Fitness App: Experts vs Novices

need for new recommendations on sedentary behavior. Current
Cardiovascular Risk Reports, 2(4), pp. 292-298, 2008.

Jin, J., Yun, J., & Agiovlasitis, S. Impact of enjoyment on physical activity
and health among children with disabilities in schools. Disability and
Health Journal, 11(1), pp. 14-19, 2018.

Arps, E. The use of Internet and mobile phone based health promotion
interventions in youth populations. In Health Promotion Forum (HPF),
Newmarket, Auckland, 2014.

Khadjesari, Z., Murray, E., Hewitt, C., Hartley, S., & Godfrey, C. Can
stand-alone computer-based interventions reduce alcohol consumption? A
systematic review. Addiction, 106(2), pp. 267-282, 2011.

O’Reilly, G. A., & Spruijt-Metz, D. Current mHealth technologies for
physical activity assessment and promotion. American Journal of
Preventive Medicine, 45(4), pp. 501-507, 2013.

Yoganathan, D., & Kajanan, S. Persuasive Technology for Smartphone
Fitness Apps. PACIS, p. 185, 2013.

llhan, A., & Henkel, M. 10,000 steps a day for health? User-based
evaluation of wearable activity trackers. 51st Hawaii International
Conference on System Sciences. Pp. 3376-3385, 2018.

Kapp, K. M. The gamification of learning and instruction: game-based
methods and strategies for training and education. John Wiley & Sons.
2012.

Deterding, S., Dixon, D., Khaled, R., & Nacke, L. From game design
elements to gamefulness: defining gamification. 15th International
Academic  Mindtrek  Conference:  Envisioning  Future  Media
Environments, pp. 9-15, 2011.

Cugelman, B. Gamification: what it is and why it matters to digital health
behavior change developers. JMIR serious games, 1(1), pp. €3. 2013.
Pereira, P., Duarte, E., Rebelo, F., & Noriega, P. A review of gamification
for health-related contexts. International conference of design, user
experience, and usability, pp. 742-753, 2014.

Charles, D., Charles, T., McNeill, M., Bustard, D., & Black, M. Game-
based feedback for educational multi-user virtual environments. British
Journal of Educational Technology, 42(4), pp. 638-654, 2011.
Dominguez, A., Saenz-de-Navarrete, J., De-Marcos, L., Fernandez-Sanz,
L., Pagés, C., & Martinez-Herraiz, J. J. Gamifying learning experiences:
Practical implications and outcomes. Computers & education, 63, pp. 380-
392,2013.

Shneiderman, B., Plaisant, C., Cohen, M. S., Jacobs, S., EImgvist, N., &
Diakopoulos, N. Designing the user interface: strategies for effective
human-computer interaction. Pearson, 2016.

Nielsen, J. How to conduct a heuristic evaluation? Nielsen Norman Group,
1, 1-8. 1995.



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Ofthman, M. K & Rahman, N. D. 26

Muniz. An introduction to heuristic evaluation - usability geek.
Https://usabilitygeek.com/heuristic-evaluation-introduction/.2016.
Zhang, J., Johnson, T. R., Patel, V. L., Paige, D. L., & Kubose, T. Using
usability heuristics to evaluate patient safety of medical devices. Journal of
Biomedical Informatics, 36(1-2), pp. 23-30, 2003.

Wong. Heuristic evaluation: how to conduct a heuristic evaluation,
interaction design foundation. https://www.interaction-
design.org/literature/ article/heuristic-evaluation-how-to-conduct-a-
heuristic-evaluation, 2017.

Looyestyn, J., Kernot, J., Boshoff, K., Ryan, J., Edney, S., & Maher, C.
Does gamification increase engagement with online programs? A
systematic review. PloS one, 12(3), 0173403, 2017.

Gartner. Gartner predicts over 70 percent of global 2000 organisations
will  have at least one gamified application by 2014.
https://www.gartner.com/newsroom/id/1844115, 2012.

Sydes, L. Why gamified health apps aren’t as successful as they could be
-Badgeville.  https://badgeville.com/why-gamified-health-apps-arent-as-
successful-as-they-could-be/ 2014.

Lee, J. J., & Hammer, J. Gamification in education: What, how, why
bother?. Academic exchange quarterly, 15(2), pp. 146, 2011.
Beauchemin, M., Gradilla, M., Baik, D., Cho, H., & Schnall, R., A multi-
step usability evaluation of a self-management app to support medication
adherence in persons living with HIV. International Journal of Medical
Informatics, 122, pp. 37-44, 2019.

Kekkonen, M., & Oinas-Kukkonen, H. Social Comparison in Behavior
Change Support Systems: Heuristic Evaluation of a System's Usability.
BCSS@ PERSUASIVE, pp.1-6, 2019.

Katurura, M., & Cilliers, L. Privacy in wearable health devices: How does
POPIA measure up? 4th International Conference on the Internet, Cyber
Security and Information Systems 2019, 12, pp. pp. 112-122, 20109.
Edwards, E. A., Lumsden, J., Rivas, C., Steed, L., Edwards, L. A.,
Thiyagarajan, A., ... & Walton, R. T. Gamification for health promotion:
systematic review of behaviour change techniques in smartphone apps.
BMJ open, 6(10), 2016.

Tu, R., Hsieh, P., & Feng, W. Walking for fun or for “likes”? The impacts
of different gamification orientations of fitness apps on consumers’
physical activities. Sport Management Review, 22(5), pp. 682-693, 20109.
Kappen, D. L., Mirza-Babaei, P., & Nacke, L. E. Motivational affordances
for older adults’ physical activity technology: an expert evaluation.
International Conference on Human-Computer Interaction, pp. 388-406,
2019.

Garcia-Holgado, A., Reiris, I. T., Kearney, N., Martinus, C., & Garcia-
Pefialvo, F. J. An app to support yoga teachers to implement a yoga-based


https://www.gartner.com/newsroom/id/1844115

27

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

HE of Play4Fit Health and Fitness App: Experts vs Novices

approach to promote wellbeing among young people: usability study. In
International Conference on Human-Computer Interaction, pp. 38-49,
2019.

Zaror, C., Espinoza-Espinoza, G., Atala-Acevedo, C., Mufioz-Millan, P.,
Li, Y., Clarke, K., ... & Marifio, R. Validation and usability of a mobile
phone application for epidemiological surveillance of traumatic dental
injuries. Dental traumatology, 35(1), pp. 33-40, 2019

Kumar, A., & Vithani, T. A comprehensive mobile application
development and testing lifecycle. 2014 IT Professional Conference, pp. 1-
27,2014,

Joyce, G., & Lilley, M. Towards the development of usability heuristics for
native smartphone mobile applications. International Conference of
Design, User Experience, and Usability, pp. 465-474, 2014.

Othman, M. K., Sulaiman, M. N. S., & Aman, S. Heuristic evaluation:
comparing generic and specific usability heuristics for identification of
usability problems in a living museum mobile guide app. Advances in
Human-Computer Interaction, 2018.

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

Bertini, E., Gabrielli, S., Kimani, S., Catarci, T., & Santucci, G.
Appropriating and assessing heuristics for mobile computing. Proceedings
of the working conference on Advanced visual interfaces, pp. 119-126,
2006.

Inostroza, R., Rusu, C., Roncagliolo, S., & Rusu, V. Usability heuristics
for touchscreen-based mobile devices: update. Proceedings of the 2013
Chilean Conference on Human-Computer Interaction, pp. 24-29, 2013.
Salazar, L. H. A., Lacerda, T, von Wangenheim, C. G., & Barbalho, R. A.
Customisation of usability heuristics for mobile phones. In Companion
Proceedings of the 11th Brazilian Symposium on Human Factors in
Computing Systems, Brazilian Computer Society, pp. 37-38, 2012.
Nielsen. J. Usability engineering. London, U.K: Academic. 1993

Perfetti, C. Usability testing best practices: an interview with Rolf Molich.
http://www.webpronews.com/topnews/2003/07/30/usabilitytesting,2003
Borys, M., & Laskowski, M. Expert vs Novice Evaluators-comparison of
heuristic evaluation assessment. International Conference on Enterprise
Information Systems, 2, pp. 144-149, 2014.

Rossi, L. C. Website navigation design: how to provide clear instructions
and directions to your readers. https://www.masternewmedia.org/website-
navigation-design-how-to-provide-clear-instructions-and-directions-to-
your-readers/ 2010.


http://www.webpronews.com/topnews/2003/07/30/usabilitytesting,2003

[46]

[47]

[48]

[49]

Ofthman, M. K & Rahman, N. D. 28

Petrie, H., & Buykx, L. Collaborative Heuristic Evaluation: improving the
effectiveness of heuristic evaluation. Proceedings of UPA 2010
International Conference, 2010.

Othman, M. K., Mahudin, F., Ahaguk, C. H., & Rahman, M. F. A. Mobile
guide technologies (smartphone apps): Collaborative Heuristic
Evaluation (CHE) with expert and novice users. 2014 3rd International
Conference on User Science and Engineering (i-USEr), pp. 232-236, 2014,
Petrie, H., & Power, C. What do users really care about? A comparison of
usability problems found by users and experts on highly interactive
websites. Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, pp. 2107-2116, 2012.

Adelson, B. When novices surpass experts: The difficulty of a task may
increase with expertise. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 10(3), pp. 483, 1984.



