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Abstract
Heuristics are a much researched, scientifically studied way to solve usability issues in
user interface. However, the way of conducting usability evaluation is based on abstract
models. As the heuristics as guidelines are abstract and their interpretation depends on
the researcher, the gap between scientifically created heuristics and the practitioners’
methods of developing games has grown.
This study introduces the Explicit Heuristics Design-model (EHD). It has been developed
by using design science research methodology. This model can be implemented by using
heuristic evaluation and expert evaluation methods. The EHD-model enables the
extraction of explicit heuristics data from the games. The hypothesis proposed a
connection between the heuristics and the revenue.
The final evaluation phase of the EHD-model revealed that a correlation between the
heuristics and the revenue generated by Android mobile fighting games exist. The
EHD-model was also able to point out the most important heuristics affecting the
generated revenue.
This study reduces the gap between the scientific community and practitioners. It offers
the scientific community a new view and results concerning heuristics and the
practitioners a tool to enhance the profitability of a game.
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Abbreviations
ACM

Association for Computer Machinery

EHD

Explicit Heuristics Design

DSR

Design Science Research

FAQ

Frequently asked questions

FPS

Frames Per Second

HCI

Human-Computer Interactions

LAG

Impared computer functionality, slow application responses
orrecuded framerates.

UI

User interface

UX

User Experience
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1.

Introduction

Today gaming is not just a hobby amongst the small group of nerds. It has become a
serious business area, a huge worldwide business and a competitive market. According
to the market research firm Newzoo (2016), the global market of the video game industry
has already surpassed 100 billion US dollars. In the North America, the game industry
market share is 25 billion US dollars. From this market, games played using smartphones
generate about 37% of the total revenue. As the gaming markets are rapidly growing the
customers’ needs become more demanding. By revenue the video game industry has
grown larger than the movie industry (Statista, 2016a), but it is still behind television due
to TV’s unmatched advertising revenue of almost 200 billion US dollars (Statista, 2016c).
Making games that attract the consumer’s attention is crucial in this highly competitive
entertainment market (Pagulayan et al. 2003). Game usability and the quality of the user
interface and user experience of the game have been found to be very important deciding
factors when players make decisions about buying new games (Rajanen & Marghescu,
2006). Additionally, better usability brings additional benefits in gamification context.
This could also be applied to game development context (Rajanen & Rajanen, 2017).
Furthermore, the scientific community benefits from higher usability in games. More
players mean more data, funding and new research opportunities.
Heuristic evaluation in computer sciences is used to mitigate usability issues especially
related to the user interface (UI). Heuristics evaluation can be implemented as a part of
iterative design process. In typical heuristic evaluation process, evaluators explore the
interface by looking for problems based on a set of usability principles called heuristics
(Pinelle et al., 2009). However, evaluating games only using traditional usability
heuristics would leave many important aspects unprocessed. (Korhonen & Koivisto,
2007). Multiple heuristics sets exists and their content varies. The existing heuristics
differ quite a lot from each other, and it is still unknown how well they support evaluators
to describe and identify playability problems in a game (Korhonen, 2011). Moreover,
different game categories or game types require different sets of heuristics when
evaluating them. (Korhonen & Koivisto, 2007; Pinelle et al., 2009).
At the moment, the evaluation processes using design heuristics from computer sciences
face a problem: the way of conducting usability evaluation is based on abstract models.
According to Rajanen & Nissinen (2015), the reason for this situation is that most
companies see it as too time-consuming, difficult or expensive process to conduct. That
result was unexpected as the heuristic evaluation is usually considered cost-effective. One
company in the study conducted by Rajanen & Nissinen even stated that heuristics did
not suit their games. Furthermore, the same study showed that even among humancomputer interaction (HCI) researchers the definitions such as playability are vague: the
existing usability heuristics lists were stated to be too general and needed improving
before practitioners could utilize them. The result is that researchers create heuristic sets
that are not used because they are not explicit enough to provide measurable
improvements affecting games revenue. Thus, existing heuristics can be seen useless.
Moreover, the interpretation depends on the researcher. There is a known gap that exists
between the two worlds: the scientists and the practitioners even though both parties
would benefit from a cooperation.

8

1.1 The purpose of the study
It is important to find out why the heuristics sets are created but not used in practice. This
thesis answers the question of how this can be solved. The existing heuristics cannot
evaluate games in an explicit manner measured with numerical values. Due to this lack
of knowledge this study combines several well-known, validated and used heuristic
models in one explicit model that allows to gather heuristic-data from mobile games. This
model is named the EHD-model (Explicit Heuristics Model). The hypothesis is that the
model is able to reveal a relation between the heuristics and the revenue. Moreover, by
using the EHD-model it should be possible to point out the most significant heuristics
affecting the revenue and thus work as a tool to enhance the profitability and usability of
the games at the same time. The guidelines for the study come from Hevner et al. (2004).
Peffers et al. (2006) provided the process model to implement design science research
effectively.

1.2 Motivation
As a background search for this study the attempt to find out similar researches was made:
This search combined Google scholar, ACM, IEEE, EBSCO, ABI/INFORM, Springer
Link, Science Direct and Wiley Online databases (Appendix A). The search resulted in
1643946 hits from which the elimination process mitigated the results to 698. From those
papers, none studied an explicit way to extract heuristics data from games. However, one
study was found that was aimed at examining the relationship of heuristics and the
revenue. This particular study (Ponnada & Kannan, 2012) wanted to find out whether the
users’ positive experience could enhance the sale of the games. However, this study failed
to draw an identifiable relation between any heuristics and the revenue of the game nor
did it solve the issue.
Without the way to provide statistical data, design heuristics as an interesting research
topic could eventually disappear: as practitioners don’t see what heuristics could offer,
the funding for this research field will suffer. Statistical data from the games will also
benefit the scientific community by providing new information on the effects of
implementing scientific results in technology. The EHD-model supports practitioners to
develop games that are more compelling to the consumers. The sales increase as the
products become more usable and achieve higher quality.
Moreover, I am personally interested in increasing my own expertise with design science
research, heuristics used in computer sciences and statistical analysis. And of course, I
am also a part of this huge number of consumers that are demanding higher usability and
better games.

1.3 Structure
The thesis is structured into sections. The first chapter, the introductory part, describes
the topic of the research and the specific existing problem. Chapter 2 introduces the
background of the study. Chapter 3 concentrates on the theory. Chapter 4 presents the
artefact. Chapter 5 uses the expert evaluation methods to evaluate the artefact. Chapter 6
is discussion part including the results from the evaluation and the limitations found. In
Chapter 7 the conclusions are made: theoretical and practical contributions are gathered.
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2.

Background

This chapter introduces the basic concepts of heuristics, the gap between the scientific
world and practitioners, usability, Android platform and its games and the freemium as a
business model amongst other most used business models. These concepts provide a solid
background for the issue examined in this study.

2.1 Heuristics
Heuristics in computer science is a technique that is designed to solve a problem. They
also enhance the gaming experience in a way that benefits the player and the developer
(Nielsen 1994a, Gerhardt‐Powals, 1996). Many of the heuristics models cover the same
aspects of user interface design. According to Nielsen1, Heuristic evaluation is a usability
inspection method that is used to identify usability problems in user interface (UI). The
method can be implemented as a part of iterative design process. In typical heuristic
evaluation process, evaluators explore the interface while looking for problems based on
a set of usability principles called heuristics (Pinelle et al., 2009). However, evaluating
games with only traditional usability heuristics would leave many important aspects
unprocessed. (Korhonen & Koivisto, 2007). There are multiple heuristics sets and their
content varies. Ponnada & Kannan’s (2012) results show that even some highly-rated
games fail in certain sections with playability measured using existing heuristics. It also
showed that not all games that follow existing playability heuristics are successful nor do
all successful games follow playability heuristics. The study also indicated that mobility
issues, defined by Korhonen and Koivisto (2006), did not affect the user’s view of the
quality of the game.
The existing heuristics differ quite a lot from each other, and it is still unknown how well
they support inspectors and help to describe the identified playability problems in a game
(Korhonen, 2011). Different game categories require different sets of heuristics when
evaluating them. The same is true also about the game type e.g. whether the game is a
single player game or a multi-player online game. (Korhonen & Koivisto, 2007; Pinelle
et al., 2009).
Heuristic evaluation can be executed in various ways. In this study property checklist
(Appendix D) and immersion were chosen from expert evaluation methods. Both methods
are used when extracting heuristic data from chosen applications. Jordan (2000) describes
immersion as a method where the researcher uses the system in a real context and
evaluates it. The advantage is that the method is a “real-life experience”-approach,
comparable to field observations (Jordan, 2000). The method allows the researcher to be
only a participant in the field study. Immersion is a fast and easy way to ensure that basic
faults are corrected before a more expensive field study with the users begin (Roto et al.).
It is usually used to find experience/technical/usability etc. bugs in the system. The
property checklist is a structured way of conducting expert evaluation (Green & Jordan,

1

Various researchers have defined heuristics in an approximately similar way but Nielsen is mentioned
here because of Nielsen’s heuristics are probably the most used. (E.g. If measured with the amount of
citations. Nielsen and Molich’s original publication “Heuristic evaluation of user interfaces” alone has 5401
citations.)
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2003). It is also an expert evaluation method without the need of participants. The
advantage of using a property checklist is that it is less person dependent than traditional
heuristic evaluation.

2.2 Researchers-practitioners gap
According to Norman (2010) the gap between the researchers and the developers is
fundamental. This gap is recognized and studied in several research fields and is not
limited to information systems or software engineering. In health care the gap is
recognized and it is suggested that alliances between the practitioners and scientists would
point the way to clinical standards (Sobell, 2016). The reason for cooperation is usually
the fact that rarely the range of resources and skills required to effectively implement
science into practice are found within one group (Haines, Kuruvilla, Borchert, 2004). In
the field of education, it was found out that the gap between educational research and
practice is a more complex and differentiated phenomenon than commonly assumed in
the international literature. Even in a totally different field the issues remain the same:
practitioners were skeptical about the value of scientific research and argued about its
practical relevance (Vanderlinde & van Braak, 2010). The same issues rise with the
business and management (Starkey & Madan, (2001). In fact, this gap is researched a lot
with various fields and the results are very similar. According to Klabnic (2012) there is
always tension between theory and practice. Practitioners claim that the theoretically
oriented are detached from the real world i.e. the world of practice and the scientific
community claim that practitioners have no fundamental understanding about what they
actually do leading to contradictory and incongruous practices.
Even if both parties2 benefit from closer collaboration, it is usually seen as a battleground.
This is a recognized issue that is not limited in the field of apps and games. Similar issues
occur with almost every related research field and the problem is fundamental (Norman,
2010). Even though several research fields suffer from this gap (Starkey & Madan, 2001;
Haines, Kuruvilla, Borchert, 2004; Klabnic, 2012; Sobell, 2016 etc.)3 the software
industry could benefit from gaining a better understanding of games as they tend to
succeed in several areas where other software types often fail such as learnability without
manuals or training and people’s ability to develop their own strategies to use the system
so that their performance level rises (Grise, 2000).
The gap exists for many reasons. According to Norman (2010) the required skillsets differ
and pure academic motivation is not enough for companies that have to think about the
shareholders. Even though the issue with money is less present in smaller organizations
and the will to implement new ideas is less resisted, the pressure of money still exists
(Gudmundson, 2003). While financing also concerns research community, Norman
claims that transforming a research demonstration into a practical product that can be sold

2
3

Science community and practitioners i.e. game developers

There is such an enormous number of articles about closing the gap between research and practice that it
is justified to say that the issue exists in all research fields. Google scholar, a search engine capable to find
papers from other databases, found 905000 hits using “closing gap between research practice” as a search
string.
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profitably in the marketplace is a complex and demanding job, a job for which the
research community has neither the skills nor patience or interest.
Interestingly, this gap also brings a symbiosis as the developers and companies producing
new products need researchers to discover, verify and create new information on which
they can base new technological innovations. In turn the research community needs
developing parties to create data on which they can base their studies and new research
in order to produce results.

2.3 Usability
Usability describes the ease of use and learnability of a system. It defines a degree to
which a software can be used by consumers to achieve certain goals with effectiveness,
efficiency and satisfaction in a quantified context of use (ISO, 1998). Usability aims to
maximize these features. In games this means less unnecessary interruptions or challenges
that have not been designed by developers (Laitinen, 2005). Usability is important in
games as it is voluntary and there are plenty of games to choose from. As the game
developers aim to create immersive and intuitive games the usability issues easily rise
forth and gain a big role in selling the game effectively.
The International Organization for Standardization (ISO) has defined the guidance on
usability. However, this focuses on the context of use in general but does not provide
details regarding the different inputs, outputs, activities and phases required in the
usability evaluation process. (ISO 9241-11). ISO 9126-1 provides more detailed models
of usability which have been used and are more relevant in gaming context (Marghescu,
2009). Even though this is true, the ISO 9126-1 does not concentrate specifically on
games nor does it define any explicit way to calculate how high usability is in specific
games.
Game developers have implemented usability evaluation processes into their
development cycles at least from the 80s and the subject has been studied over 30 years.
(Malone, 1982). However, two problems have been present since computer-related game
development and relative research started. Firstly, the developers and researchers
cooperate poorly. According to Norman (2010), researchers often see practitioners as just
concerned about commercialization. From the practitioners’ side, the researchers’ view
seems to come from pristine ivory tower and is seen as perhaps interesting but also
abstract and impractical. Secondly, heuristics or the details describing the usability
aspects of games have been somewhat inexplicit. Usability test results have abstractly
been based mostly on test participants’ feelings.
Playability in general is the main issue with the games from the consumer’s point of view.
According to the study made by Korhonen in 2011 most of the user’s issues (81%) were
reported as playability issues. This suggests that there is a certain strength in the relation
between heuristics and revenue after other affecting forces (previous games from the
same developer, the business model of the game, competition, new entrants etc.) have
been eliminated. Desurvire, Caplan and Toth (2004) argue that a need to develop
heuristics that work well especially with games still exists.

12

2.4 Android platform and games
The origin of Android games dates to the origin of the Android phone itself. In short,
Android was founded in Palo Alto, California by Andy Rubin in 2003 (Markoff, 2007).
Google bought Android in 2005 (Manjoo, 2015). After a few years of further development
Google announced to be a part of consortium of technology companies, device
manufacturers, chipset makers and carriers in order to create an open standard for mobile
devices (Alliance, 2007). The first Linux based android phone in the market for
consumers was released in October 2008 (Wilson, 2014).
Android has supported gaming since the first released device (Mobileheart, 2009). It was
not only possible for consumers to load new games from the Android market but also for
the programmers to create their own games to it (Shankland, 2008). An easy and
utilitarian platform enabled rapid growth of apps available. As presented in figure 1
(Statista, 2016b), about 16 000 applications were available in the Google Play store in
December 2009. This grew to over 2,6 million apps in December 2016.

Figure 1. The number of available applications in the Google Play Store from December
2009 to December 2016.

The amount of Android games has grown over the years from a few games to thousands
of games. Players influence the developers and vice versa. The most popular games can
achieve an unbelievable number of downloads. According to Robertson (2015) the Angry
birds, a popular slingshot game from Finland, has been downloaded more than 3 billion
times since its release in 2009. To put this in correlation to other software sold at
approximately the same time period, the Microsoft Windows 7 was released in 2009 and
sold around 400 million copies (Gruener, 2011). If compared to e.g. current operating
systems, Foley (2016) states that Microsoft’s goal was to have Windows 10 running on
one billion devices by 2018. Even though the number of downloads and sold operating
systems are not comparable, it does raise a question about how much influence a simple
game can have in software markets.
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Android as a platform was chosen for this study due to more users and a wider range of
devices than with Apple products. This allows for a greater number of different kinds of
users and also creates more heterogenic segment. Moreover, Android has overrun Apple
with the market share and the number of apps (Buttler, 2011). This trend still seems to
continue strong as seen in Figure 2.

Figure 2. Worldwide Smartphone OS Market Share (Share in Unit Shipments)

Table 1. Statistical details for Figure 2.
Period

Android

iOS

Windows Mobile

Others

2015Q4

79.6%

18.7%

1.2%

0.5%

2016Q1

83.5%

15.4%

0.8%

0.4%

2016Q2

87.6%

11.7%

0.4%

0.3%

2016Q3

86.8%

12.3%

0.3%

0.4%

According to IDC (2016) as shown in table 1, Android dominated the smartphone market
with the 86.8% market share in 2016. iOS grew on the last quartile at the expense of
Windows Mobile. Other manufacturers played minor roles.
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Figure 3. The most popular Apple App Store categories in December 2016, by share
of available apps.

According to Statista (2016d) gaming apps were the most popular apps based on the
availability as presented in the figure 3. Gaming was also the app category of highest user
engagement. Users spent an average of 7.55 minutes in a gaming session. Since March
2016, Game of War, Fire Age and Clash of Clans have each generated more than 1.2
million U.S. dollars in revenue per day, leading the list. The average price for an app
game is about 60 cents, while the average app price is just over one U.S. dollar. Common
app revenue models include free apps with in-app purchases, paid apps without in-app
purchases and paid apps with in-app purchases. Gaming apps frequently generate revenue
through in-game item purchases.
Mobile games have been a serious money maker for a few years and the pace seems to be
increasing. According to Agten (2013) while only 48% of the top 400 apps on Google
Play are games, these apps brought in 92% of the total revenue of the company. A more
recent study shows that mobile gaming accounts for approximately 40% of all revenues
generated by any kinds of apps on any platform (Bormann, 2017).
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2.5 Business models
What Android games and any other software sold have in common is the business models
they use. In traditional software development, the industry creates a product and the
customer acquires it or not. This was simply called paid apps. According to Munir (2014)
this business model did not need ads and thus allowed a cleaner interface. However, the
disadvantage is that of all paid applications, about 90 percent are downloaded less than
500 times per day and make less than $1,250 a day (Stamford, 2014). Thierry and
Striukova (2014) described traditional business models as “few-to-few” where a small
number of industrial actors cater for a distinctive audience.
Another business model frequently seen in the market is free, but with in-app advertising.
According to Munir (2014) this business model allows to remove the cost-barriers. It
allows free downloads and aims to accumulate sizable user base. The data from the users
is sorted and sold to app publishers who then pay for the advertisement space. A good
example of a company that has implemented this very effectively is Facebook. Free and
paid applications are often also combined offering free but limited versions and paid full
versions of the software.
A paywall is a business model that focuses on content. Paywalls allow an app user to view
a predetermined amount of content for free and then prompts them to sign up for a paid
subscription to get more. This model is best suited for service-focused apps and allows
brands to earn revenue on a recurring basis. (Munir, 2014).
Subscription is a pricing model where it is simply required to pay a sum of money from
players in each time periods, typically once a month. The most famous example of this is
The World of Warcraft (WoW). According to Munir (2014) subscribers are more likely
to be loyal and engaged app users. This business model works both ways as it also
motivates app developers to ensure they create a high-quality content that is worth paying
for.
Freemium is a pricing strategy and a business model. According to Hayes (2008), De la
Iglesia, & Gayo (2009), and Bormann (2017) freemium as a business model is a pricing
strategy where the product itself is free of charge but virtual items or features can be
upgraded to premium by purchases. With the chosen genre of games used in this study
this usually means buying in-game currency with real money that can be then spent on
different kinds of upgrades within the game. Freemium as a marketing model is new and
exceptionally successful. It has changed the way to do business with mobile devices. The
field of mobile games has been based on traditional application marketing strategy such
as offering Lite and selling premium versions of the product. (Kaaronen, 2013).
Additionally, the freemium is a great marketing model for mobile games as the users seem
to be more tolerant to the costs of mobile games in general. The study conducted by Fu
et al. (2013) revealed that the users were generally more willing to spend money on
gaming versus other apps. The model speeds up the game and gives advantages to paying
customers. Freemium is sometimes also called free-to-play-model (F2P). According to
Seufert (2015) the freemium model is an adaptation of a distribution and monetization
scheme used in software since 1980s.4 It offers a product or service for free of charge, but
charges for proprietary features, functionality, or virtual goods (De la Iglesia, & Gayo
(2009). According to Evans (2015) freemium concept is structured around

4

Feature limited software paradigm.
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micropayments. Games using freemium model raise the complex relationship between
game design and commercial strategies. Seufert (2013) states that freemium business
model stipulates the environment that includes potential for massive scale distribution.
Android with Google Play store provides this. There are two main reasons for using the
F2P models. First, it allows flexible pricing for players with different levels of willingness
to pay for an additional content. Second, it enables a wider range of player segments to
access the game. (Paavilainen et al., 2013.) According to Alha et al. (2014) F2P games
often feature the double currency model where players can earn soft currency via
completing gameplay tasks and buy hard currency with real money. The games that were
selected to this study allowed the player to be rewarded with small amounts of hard
currency from time to time. However, the amount of hard currency the player was able to
generate was typically very small in relation to the time spent to collect it. Freemium in
general is today by far the most successful business model with the mobile games. Game
developers collect 90% of their revenues on application stores through a very particular
freemium business model: free download with in-app purchases. Only 6.1% of their
revenues come from paid applications without in-app purchases (Calinescu, 2014).
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3.

Research methods

This chapter describes the design science research methodology used to conduct this
study.

3.1 Design Science as a research tool
Design science research is an information system research methodology that focuses on
the development of artefact. The artefact is a product that defines new ideas, practices
and technical features. Design science research is typically applied to traditional
categories in the field of information systems and software engineering such as programs,
algorithms, interfaces, processes etc. However, the methodology is not restricted to just
those fields but still according to Vaishnavi & Kuechler (2004) it is mostly used in
engineering and computer science. The general aim of the methodology is to add new
value to existing knowledge or to upgrade existing solutions.
Hevner et al. (2004) have suggested the following guidelines for design science research
process:
1. The design of an artefact: Design science research should create a viable
artefact. The form of the artefact can be of a construct model, method or
instantiation. The purpose of the artefact is to solve a specific problem in the
defined domain.
2. Problem relevance: The solution to the design research process should be
important and relevant to the problem.
3. Design evaluation: Evaluation is a crucial part of the research and thus must be
executed rigorously and by using validated methods. In the evaluation part, it is
important to define those methods that allow data collection. Evaluation process
should emphasize the quality and efficiency of the artefact.
4. Research Contributions:
contributions.

Research process

should present

justifiable

5. Research rigor: Research should use rigorous methods in creation and evaluation

phases.
6. Design as a search process: The design process should be considered an iterative

process.
7. Communication of research: The results should be presented in a clear and

simple manner so that it is easily understood by technology and non-technology
oriented audience.
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3.2 Design science research methodology
Peffers et al. (2006) have presented a framework for conducting research by using design
science research model. The aim of this model is to provide simple guidance on the
process. It contains six modules which are problem identification and motivation,
objectives to solution, design and development, demonstration, evaluation and
communication. The model is very simple and easy to follow and allows several possible
entry points to the process iteration.

Figure 4. Figure 1. Design science research process model (Peffers et al., 2006)

As we can see from the figure 4 the model is very flexible as it is possible to choose from
several different entry points and proceed as required. This can be interpreted to mean
anything from the problem identification to demonstration (Peffers et al., 2006).
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3.3 Implementing heuristics creation into the DSR process model
Peffers et al. (2006) model was implemented to this study to form its backbone for the
process. Figure 5 presents the process after implementation of the model.

Figure 5. Peffers et al. (2006) model after problem implementation

Problem-centered approach was selected as an entry point for the process. The reason for
selecting this approach is justified with the background search from where the issue was
originally found. The starting problem as described at the introduction was that the
existing heuristics models lacked a way to describe usability issues in an explicit
numerical manner.
In Problem identification & motivation phase the common issues were found in the field
of computer science design heuristics. It was a gap between researchers and practitioners:
the heuristics sets are created but not used as they don’t offer explicit measurement tools
that can be viewed easily in terms of money.
Objectives for the solution was to create a new heuristic set that can provide explicit data.
The created model is named the EHD-model (Explicit Heuristics Design). Its purpose is
to make it possible to point out the product’s usability issues and to include explicit
calculation formulas that were missing from the existing models. Furthermore, the new
set of heuristics should be able to reveal if the revenue of the product can be linked with
the usability level of the product.
In Design & development phase the artefact was developed in iterations. The main idea
was to select already validated heuristics sets and combine them. It is typical for the
heuristics sets to create new models based on already validated models or to enhance the
existing models by adding features from other models. Several researchers have used this
method repeatedly. At this point it was very important to keep in mind the targeted focus
group of the products which in this case are Android freemium fighting games. This scope
could then be used to either accept or discard an individual heuristic during every
iteration. Every iteration added the new features of one validated existing model.
Peffers et al. (2006) state that the purpose of the Demonstration phase is to see if the idea
works. This could involve its use in experimentation or simulation, case study, proof, or
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other appropriate activity. In this study, the Demonstration phase inspected if the
developed EHD-model had reached its saturation point which was defined by its ability
to absorb new features. If the added model was able to bring new features to the EHDmodel, the process was continued until the saturation point was achieved. As the purpose
of the demonstration was just to see if the concept works, the analysis of this phase was
not very deep. It was executed as a pass-fail check. If the model failed to meet the
requirements, the process was continued.
The evaluation phase was carried out by using heuristics evaluation. Two methods from
heuristics evaluation methods were used: property checklist and immersion. Peffers et al.
(2006) state that this phase could include quantifiable measures of system performance.
Peffers et al. also allow the evaluation phase to include any appropriate evidence or proof.
Both selected expert evaluation methods were selected as neither of them required the
users’ involvement. This was necessary due to time limitations of master’s thesis.
Moreover, the creation process of the new heuristics set doesn’t require users’
involvement as the purpose was to create and introduce the model, not to start its
validation process.
Property checklist is a purely expert-based method. It is a way to do SEEM (structured
expert evaluation method) without the need to recruit users. The checklist consists of the
precompiled list about those heuristics that are chosen for the EHD-model and it is
reviewed once per game. According to Baauw, Bekker & Markopoulos (2006) SEEM
requires that experts, also called evaluators, examine the subparts of the computer game,
e.g. different screens, addressing a checklist with questions. The form of the checklist is
based on Norman’s theory of action model and on Malone’s heuristics design of
instructional computer games (1982). The items in the checklist are based on the
heuristics resulted from the iteration process.
The second used method was immersion. Immersion is an expert evaluation method
which specifically asks the evaluator to experience what a gaming session is like for the
user (Vermeeren et al. 2010). In this study, this method is used to find the defined
heuristics in a real context and to give evaluation about its existence. Immersion method
allows the researcher to be a participant in the field study.
Communication phase is executed through this thesis: introduction and background to the
topic, theory, model development process, the results and the discussion about limitations
and further development options as well as conclusions. Further publications are in
consideration.
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4.

Artefact

This chapter introduces the development process of the artefact. Its purpose is to support
the extraction of explicit heuristic data from Android freemium fighting games. It is built
on top of existing and validated heuristics models.

4.1 The EHD-model’s development process
The development process had six iterations, five of which added a new set of validated
heuristics model into the EHD-model and one that added the way to calculate heuristics
data from the games. The process of implementing heuristics into the EHD-model is
presented in figure 6. The following presents the selected models to create the EHDmodel and the justification for their selection:
1. Nielsen: the most used and known model.
2. Gerhard-Powals: to support a more human-centered view and to acknowledge
the effect of cognitive stress.
3. Weinschenk and Barker: to implement a psychological view to user experience
(UX).
4. Connell and Hammonds: one of the most explicit heuristics sets that covers a
variety of functions focusing on the interface between the users and the system.
5. Shneiderman: they are applicable for most interactive systems, gaming included.
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Figure 6. The implementation process for the heuristics.

4.1.1 The first iteration: Adding Nielsen’s model
The development process started from the Nielsen’s heuristics set. It was selected as a
starting point because the model is probably the most used heuristics set for interface
design. Nielsen developed this heuristic set based on the work with Molich in 1990.
Nielsen’s final set of heuristics was released in 1994b. It consists of ten heuristics.
Nielsen’s idea was to compress the guidelines for creating interfaces into a more efficient
and compact form. So far, they were lengthy and tiresome to implement effectively. This
was done through the classification of the problem in a checklist form. It made it easy to
discover and recognize usability issues (Nielsen 1990a). The heuristics published by
Nielsen in 1994 are still in use today. All Nielsen’s heuristics were accepted. This formed
the EHD-model’s first version at the first iteration.
Table 2. Nielsen's heuristics
Heuristics

Explanation

1.

Visibility of system status

The system should always keep users informed
about what is going on, through appropriate
feedback within reasonable time.

2.

Match between system and real world

The system should speak the user's language, with
words, phrases and concepts familiar to the user,
rather than system-oriented terms. Follow realworld conventions, making information appear in
a natural and logical order.

3.

User control and freedom

Users often choose system functions by mistake
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.

4.

Consistency and standards

Users should not have to wonder whether different
words, situations, or actions mean the same thing.
Follow platform conventions.

5.

Error prevention

Even better than good error messages are a careful
design which prevents a problem from occurring in
the first place. Either eliminate error-prone
conditions or check for them and present users
with a confirmation option before they commit to
the action.

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 system should be visible or easily retrievable
whenever appropriate.

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 actions.
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8.

Aesthetic and minimalist design

Dialogues should not contain information which is
irrelevant or rarely needed. Every extra unit of
information in a dialogue competes with the
relevant units of information and diminishes their
relative visibility.

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.

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 concrete steps to be carried out,
and not be too large.

4.1.2 The second iteration: Adding Gerhard-Powals’ model
The second iteration added features from Gerhard-Powals’ developed heuristics based on
cognitive principles of enhancing performance. They are a research-based heuristic set
and considered more human-centered than Nielsen’s model. The central idea and the
reason for choosing the model to this study was to facilitate the user’s need to concentrate
fully on the game. The games that have a greater cognitive load would be un-installed
more easily, and thus regenerate less revenue, as they are more tiresome to use. GerhardPowals published her model in 1996. Gerhard-Powals’ model is presented as follows in
table 3.
When the Gerhard-Powals’ model was implemented into the EHD-model with the already
existing Nielsen’s model it was found out that several individual heuristics were
overlapping. In order to solve this issue those heuristics were fused to form the second
version of the EHD-model (iteration 2). Fusing Gerhard-Powal’s model to the EHDmodel strengthens the model by adding a human-centered view to the existing heuristics.
The forth heuristic in Gerhard-Powals’ model “present new information with meaningful
aids to interpretation” was used the most as it pointed out that using familiar frameworks
makes it easier for users to absorb information.
Furthermore, implementing Gerhard-Powals’ model pointed out a valuable point: limiting
data-driven tasks and providing multiple coding of data are overlapping heuristics and
must be taken into consideration when developing the model further. Gerhard-Powals
solves this conflict by adding another heuristic (9 – practice judicious redundancy).
However, this does not explain how to solve this issue and was mostly ignored. In the
end, it was used only twice with other heuristics. Those two situations occurred with the
final EHD-Model’s heuristics 13 and 14. The purpose of this was to prevent the
calculation formula from suffering the conflict created by Gerhard-Powals’ heuristics 6
and 8: limit the data driven tasks and show data in multiple ways. The implementation of
Gerhard-Powals’ model added two heuristics to the EHD-model (Local and online
statistics are shown in multiple ways).
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Table 3. Gerhard-Powals’ heuristics
Heuristics
1.

Automate unwanted workload

Explanation
Free cognitive resources for high-level tasks
Eliminate mental calculations, estimations,
comparisons, and unnecessary thinking

2.

Reduce uncertainty

Display data in a manner that is clear and obvious.

3.

Fuse data

Reduce cognitive load by bringing together lower
level data into a higher-level summation

4.

Present new information with meaningful
aids to interpretation

Use a familiar framework, making it easier to
absorb.
Use everyday terms, metaphors, etc.

5.

Use names that are conceptually related
to function

Context-dependent
Attempt to improve recall and recognition
Group data in consistently meaningful ways to
decrease search time

6.

Limit data-driven tasks

Reduce the time spent assimilating raw data
Make appropriate use of color and graphics

7.

Include in the displays only that
information needed by the user at a given
time

Allow users to remain focused on critical data
Exclude extraneous information that is not relevant
to current tasks

8.

Provide multiple coding of data when
appropriate

Show data in several ways

9.

Practice judicious redundancy

to resolve the possible conflict between heuristics
6 and 8

4.1.3 The third iteration: Adding Weinschenk and Barker’s model
The third iteration implemented Weinschenk and Barker’s model. It consists of 20
heuristics. According to Weinschenk common psychological behavior should be
considered when designing interfaces for the users. It is a psychological view to UX
design. Weinschenk and Barker’s classification offers designing principles from the
user’s perspective. While it is somewhat abstract it guides the design to focus on the end
product and the consumer. The model was published in 2000. Weinschenk and Barker’s
model is presented as follows in table 4.
Fusing Weinschenk and Barker’s model to the EHD-model expanded it in several ways.
It added and reformed the heuristics for tutorials and the in-game and online help, the
need for shortcuts and modifiable interface items.
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Table 4. Weinschenk and Barker's heuristics
Heuristics

Explanation

1.

User control: heuristics that check
whether the user has enough control of
the interface.

User should be at least aware of what is happening
and should be able to get out from unwanted
situations.

2.

Human limitations: the design takes into
account human limitations, cognitive and
sensorial, to avoid overloading them.

Limit the information so that the users are not
overburdened by it. Use only relevant information.

3.

Modal integrity: the interface uses the
most suitable modality for each task:
auditory, visual, or motor/kinesthetic.

Use suitable interface items.

4.

Accommodation: the design is adequate
to fulfill the needs and behavior of each
targeted user group.

Define and use target groups and design for them.

5.

Linguistic clarity: the language used to
communicate is efficient, clear and
adequate to the audience.

Don’t explain too much but clarify all essential
parts. Good example of implementation is the use
of tutorials.

6.

Aesthetic integrity: the design is visually
attractive and tailored to appeal to the
target population.

Remember cohesion.

7.

Simplicity: the design does not use
unnecessary complexity.

Keep it simple.

8.

Predictability: users will be able to form
a mental model of how the system will
behave in response to actions.

Use familiar designs.

9.

Interpretation: there are codified rules
that try to guess the user intentions and
anticipate the actions needed.

Automatize if possible.

10. Accuracy: There are no errors, i.e. the
result of user actions corresponds to their
goals.

Mitigate errors.

11. Technical
clarity:
the
concepts
represented in the interface have the
highest possible correspondence to
the problem domain they are modeling.

Use familiar concepts.

12. Flexibility: the design can be adjusted to
the needs and behavior of each particular
user.

Allow modifying.

13. Fulfillment: the user experience is
adequate and the user feels good about
the experience.

Use target segmenting to focus for selected groups.

14. Cultural propriety: the user's cultural and
social expectations are met.

Use target segmenting to focus for selected groups.

15. Suitable tempo: the pace at which users
works with the system is adequate.

Adjust difficulty.

16. Consistency: different parts of the system
have the same style, so that there are no
different ways to represent the same
information or behavior.

Remember to be consistent.

17. User support: the design will support
learning and provide the required
assistance to usage.

Use tutorials.
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18. Precision: the steps and results of a task
will be what the user wants.

Use clear functions.

19. Forgiveness: the user will be able to
recover to an adequate state after an error.

Allow interruptions and recover to earlier state.

20. Responsiveness: the interface provides
the user enough feedback information
about the system status and their task
completion.

Let user know what is going on.

4.1.4 The fourth iteration: Adding Connell and Hammond’s model
In 1999 Connell and Hammond published their paper about the heuristic evaluation
principles. Its main idea was to advance the evaluation of the usability of interactive
systems. It compared Nielsen’s heuristics to a wider set of heuristics from literature. It
focused on human errors and the differences between the users and the system. Connell
(2000) stated that the action between the intended functions of the system and the actions
performed by the users could manifest as errors. The set of heuristics was chosen to this
study because it is the most explicit explanation of the heuristics among the well-known
models. Connell and Hammond’s model is presented as follows in table 5.
Table 5. Connell and Hammond’s heuristics
Heuristics

Explanation

1.

Functional needs

System functions should cater the needs of the
intended user

2.

Requirements needs

The characteristics and functional requirements of
the users for whom a system is intended should
have been accurately determined.

3.

Functional organization

The set of functions offered by a system should
provide the best means of performing the required
operations. The organization of system functions
should match with the expectations and knowledge
of the intended users.

4.

Functional provision

The set of functions offered by a system should
provide the best means of performing the required
operations.

5.

Minimum steps

User should be able to move between system states
with minimum steps

6.

Minimum retraction

No un-necessary retraction of steps already made.

7.

Memory load

Complex input formats should be avoided

8.

Error management

Prevent erroneous user actions

9.

Feedback

The status of the system should be visible

10. Locational information

User should know ”where” in the system they are.

11. Locational modes

If several e.g. Windows/screens exists, those
modes should be clearly distinguished.

12. Choice Availability

At every system state the range of the user options
should be clearly represented. Not too many, not
too few. Support menu based systems.

13. Terminology and language style

Should match with the experience and background
knowledge of intended user.
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14. Visual metaphor

Focus on coherent models and organizational
structures.

15. Functional modification

Allow users to modify or to adapt to functional
scope.

16. Step modification

Allow users to modify or to adapt to functional
scope between steps with e.g. shortcuts.

17. Multiple initiation

Allow particular operation from more than one
place.

18. Multiple inputs

Support multiple inputs when possible.

19. Accuracy of content

Each piece of information conveyed by the system
should be accurate, unambiguous and explicit.

20. Salience

Some features should be noticeably more
important than others

21. Consistency

Steps required to complete operation should
consistent. Layout components should
consistent. Terminology and language should
consistent. Color schemes etc. Should
consistent.

22. Manipulability

User should have maximum freedom between
switching components and to arrange interface
elements.

23. Responsiveness

System components which are moveable by the
user should present no resistance. This should
happen with minimum delay.

24. Visio-Perceptual load

Visual load presented by system component
should not appear excessive.

25. Audio-Perceptual load

The auditory load presented by the system should
not be excessive.

26. Motor load

The number of physical actions required of the user
should be kept to a minimum.

27. Conceptual clarity

All graphical objects should be both discernible
and distinguishable from other objects. All text
should be readable.

28. Perceptual contrast

The contrast between visual objects, including
text, and their background should be sufficient to
discriminate them, but should not be excessive.

29. General help

Online help should be provided and should be
accessible from any state or component.

30. Context-Sensitive help

In addition to searchable online help, material
relating to the context of use should be available
from every state or system component.

be
be
be
be

Implementing Connell and Hammond’s model enforced the human-centered and userfriendly view that was introduced to the EHD-model by Gerhard-Powals’ heuristics.
From all the selected heuristics sets to be implemented into the EHD-model the Connell
and Hammond’s model was documented in the most explicit manner. It was also
responsible for adding and reforming two heuristics related to advertisements and the
value of in-game shop items related to gain.
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4.1.5 The fifth iteration: Adding Shneiderman’s model
Shneiderman published his rules about interface design in 1987. Designing user interface
has been rewritten several times but the original ideas have been somewhat intact.
Shneiderman’s heuristics presented in the table 6 are taken from the last version of the
book (May 2016). Shneiderman’s rules are used in this study because they are applicable
for most interactive systems, gaming included.
Table 6. Shneiderman’s heuristics.
Heuristics

Explanation

1.

Strive for consistency.

Consistent sequences of actions should be required
in similar situations; identical terminology should
be used in prompts, menus, and help screens; and
consistent color, layout, capitalization, fonts, and
so on, should be employed throughout. Exceptions,
such as required confirmation of the delete
command or no echoing of passwords, should be
comprehensible and limited in number.

2.

Seek universal usability

Recognize the needs of diverse users and design
for plasticity, facilitating transformation of
content. Novice to expert differences, age ranges,
disabilities,
international
variations,
and
technological diversity each enrich the spectrum of
requirements that guides design. Adding features
for novices, such as explanations, and features for
experts, such as shortcuts and faster pacing,
enriches the interface design and improves
perceived quality.

3.

Offer informative feedback.

For every user action, there should be an interface
feedback. For frequent and minor actions, the
response can be modest, whereas for infrequent
and major actions, the response should be more
substantial. Visual presentation of the objects of
interest provides a convenient environment for
showing changes explicitly.

4.

Design dialog to yield closure.

Sequences of actions should be organized into
groups with a beginning, middle, and end.
Informative feedback at the completion of a group
of actions gives users the satisfaction of
accomplishment, a sense of relief, a signal to drop
contingency plans from their minds, and an
indicator to prepare for the next group of actions.
For example, e-commerce websites move users
from selecting products to the checkout, ending
with a clear confirmation page that completes the
transaction.
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5.

Prevent errors.

As much as possible, design the interface so that
users cannot make serious errors; for example,
gray out menu items that are not appropriate and
do not allow alphabetic characters in numeric entry
fields. If users make an error, the interface should
offer simple, constructive, and specific instructions
for recovery. For example, users should not have
to retype an entire name-address form if they enter
an invalid zip code but rather should be guided to
repair only the faulty part. Erroneous actions
should leave the interface state unchanged, or the
interface should give instructions about restoring
the state.

6.

Permit easy reversal of actions.

As much as possible, actions should be reversible.
This feature relieves anxiety, since users know that
errors can be undone, and encourages exploration
of unfamiliar options. The units of reversibility
may be a single action, a data-entry task, or a
complete group of actions, such as entry of a nameaddress block.

7.

Keep users in control

Experienced users strongly desire the sense that
they oversee the interface and that the interface
responds to their actions. They don’t want
surprises or changes in familiar behavior, and they
are annoyed by tedious data-entry sequences,
difficulty in obtaining necessary information, and
inability to produce their desired result.

8.

Reduce short-term memory load.

Humans’ limited capacity for information
processing in short-term memory (the rule of
thumb is that people can remember “seven plus or
minus two chunks” of information) requires that
designers avoid interfaces in which users must
remember information from one display and then
use that information on another display. It means
that cellphones should not require reentry of phone
numbers, website locations should remain visible,
and lengthy forms should be compacted to fit a
single display.
These underlying principles must be interpreted,
refined, and extended for each environment. They
have their limitations, but they provide a good
starting point for mobile, desktop, and web
designers. The principles presented in the ensuing
sections focus on increasing users’ productivity by
providing simplified data-entry procedures,
comprehensible displays, and rapid informative
feedback to increase feelings of competence,
mastery, and control over the system.

Implementing Shneiderman’s heuristics did not add any new heuristics to the EHDmodel. However, it was predicted that the EHD-model would eventually be saturated with
heuristics that are just overlapping each other. Comparing Shneiderman’s heuristics to
the existing version of the EHD-model confirmed this and launched the last iteration
process in the development of the EHD-model.
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4.1.6 The sixth iteration: Adding calculation formulas
After the EHD-model’s heuristics were found to be saturated the calculation formulas of
how the heuristical data could be extracted were created. As the EHD-model is still in a
very early stage (un-validated), it was justified to keep the formulas as simple as possible.
The EHD-model included the total of 17 heuristics from which 16 were defined so that
the exact calculation of heuristical data was possible. One heuristic was left without a
formula due to its qualitative nature. Additionally, it was justified to leave heuristic
number 17, gaming experience, without restrictions of calculative measurements. This
was done in order to support the comparison of the overall points from the game against
the qualitative data obtained using the immersion method.

4.2 The EHD-Model
The EHD-Model (Explicit Heuristics Design) describes heuristics in an explicit way. It
supports the extraction of quantitative and qualitative data from games. It is targeted to
Android freemium fighting games. The table 7 presents the details for the EHD-model. It
includes the number of heuristics in the EHD-model, the name of every individual
heuristic, the explanation for that heuristic, the validated model from where that particular
heuristic originates from and how the heuristical data (points) are calculated from the
target game.
Table 7. The EHD-Model
No.

Heuristics

Explanation

Where inherited from

calculation

1

Visibility
status.

User must know
what is going on
with the system.

Nielsen (1),
Gerhard-Powals (1,2),
Weinschenk and Barker
(1,11),
Connell and Hammonds (10
11,28),
Shneiderman (7).

Status visible
when in core
activities +50,
secondary
activities +50,
If some core or
secondary cannot
be seen then 10/each
Can just be
interpreted +25
Cannot be easily
understood 0

2

The text is clear and
easy to read.
Uncommon phrases are
always explained.

Further clarifies
the overall state
of the system.

Nielsen (2, 8),
Gerhard-Powals (1, 2, 4, 5)
Weinschenk and Barker (5),
Connell and Hammonds
(13,27,14).

Misspellings /
unexplained =
-10/ each to
maximum of -100

3

The ability to leave an
unwanted state.

Gives user the
feel of control.
Enhances
experience.

Nielsen (3),
Gerhard-Powals (4-Familiar
framework)
Weinschenk and Barker
(19),
Connell and Hammonds
(10).
Shneiderman (6).

States that cannot
be exited from
-25

of

system
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4

The consistency of
activities.

How well game
activities
resemble each
other.

Nielsen (1, 4, 8),
Gerhard-Powals (1, 4),
Weinschenk and Barker
(6,7,8,16),
Connell and Hammonds
(21,14)
Shneiderman (1).

Consistency
measured with
color palette and
activities frames.
Splash screen is
discarded from
calculation
Activities
consistent: +100
If differ from one
another -25/each
to a maximum of
-100

5

Error handling

In case of error
the user is
notified of what
happened.

Nielsen (9),
Weinschenk and Barker
(8, 10),
Connell and Hammonds
(1,8),
Shneiderman (5).

If no notification
or guidance exists
when error then
0. Otherwise
+100

6

Error prevention

In case of error
caused by the
user, e.g. wrong
input (numbers
into text field
etc.), the user is
notified and
guided.

Nielsen (5, 9),
Weinschenk and Barker
(20), Connell and
Hammonds
(1, 8),
Shneiderman (5).

If user is not
guided then +100.
Otherwise 0.

7

Tutorial exists and can
be skipped.

Tutorials contain
explanation and
guidance to
games. For more
experienced
players these
might be
unwanted states.

Nielsen (6, 7,),
Gerhard-Powals (4),
Weinschenk and Barker
(4,11,13,14,17,18),
Connell and Hammonds
(1,3,30),
Shneiderman (3,4,5,7).

In case a tutorial
exists +50 points,
In case a tutorial
can be skipped (in
case of an
advanced user) =
+50 points

8

In-game Help

The game
consists of help
embedded within
the game.

Nielsen (6, 7),
Gerhard-Powals (4),
Weinschenk and Barker
(4,11,13,14,17,18),
Connell and Hammonds
(1,3,30),
Shneiderman (3,4,5,7),

In-game help
exists +100
points.

9

Online Help

If needed the
online help exists.
This can also be a
FAQ from a
community
forum.

Nielsen (7,10,),
Gerhard-Powals (4)
Weinschenk and Barker
(4,13,14),
Connell and Hammonds
(1,29),
Shneiderman (4).

Online help exists
+100 points.
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10

Shortcuts to key
features exist.

The need for the
shortcuts rises
with experience.

Nielsen (2,3,4,7),
Gerhard-Powals (1)
Weinschenk and Barker
(1,2,7,8,12,17),
Connell and Hammonds
(1,2,3,6,7,15,16,17,22,26),
Shneiderman (2,8).

+10points/
shortcut to a
maximum of
+200 points.

11

Interface items can be
modified.

The ability to
modify the
interface to
enhance the
feeling of control
and playability.

Nielsen (3, 7),
Gerhard-Powals (1)
Weinschenk and Barker
(4,12),
Connell and Hammonds
(7,12,15,16,18),
Shneiderman (2,7).

If possible then
+10 / each item.

12

There is no LAG.

To enhance
playability and
the experience.

Weinschenk and Barker
(13),
Connell and Hammonds
(2,23,24),
Shneiderman (2)

No lag +100
Lag at some (1)
point 50
Laggy in multiple
points 0

13

Character/team/player
statistics are shown
(Local)

The user must
have access to
relevant
information /
statistics.

Nielsen (1),
Gerhard-Powals (3,5,6,8,9),
Weinschenk and Barker
(6,11,12,13),
Connell and Hammonds
(12,22).

Statistics are
shown. +50
Statistics are
shown in more
than one way. +
50

14

Online statistics are
shown.

The user must
have access to
relevant
information /
statistics.

Nielsen (1),
Gerhard-Powals (3,5,6,8,9)
Weinschenk and Barker
(6,11,12,13),
Connell and Hammonds
(12,22).

Statistics are
shown. +50
Statistics are
shown in more
than one way.
+50

15

There is no
unnecessary
advertisement (ads).

Advertisements
are interruptions
that increase
cognitive
overload.

Nielsen (3,7),
Gerhard-Powals (1,6,7),
Weinschenk and Barker
(1,2,8,18),
Connell and Hammonds
(4,5,6,7,12,19,20,24,25),
Shneiderman (2).

No ads +100
Ads
-33/session/ad
More than 3 ads
per session 0p

16

In-game shop items are
reasonably prized
related to gain. And the
paywall does not exist.

Users are not
forced but
enabled to buy ingame products.

Nielsen (4),
Weinschenk and Barker (4),
Connell and Hammonds (1)

Paid items
relation to freely
collected ones/h
(Hourly average
in-game
currency)
1usd/h=10points
If there are items
that cannot be
achieved without
paying =0 points.
(paywall)
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17

Gaming experience

Immersion,
Expert evaluation
method
conducted on a
scale excellenthorrible.
(6-levels:
Horrible, very
bad, bad, good,
very good,
excellent)

-

-

17 heuristics were included in the model. 16 of them can easily extract numeric values of
the selected game. The 16th and 17th heuristics used immersion as a method. Only the 17th
heuristic produced qualitative data. This being said the 17th heuristic is important to gain
a deeper understanding of the game mechanics and the overall feeling. The values that
the individual heuristics (1st to 16th) can get ranges from -100 to 200. It was intentional to
limit the weight of any individual heuristic but still to allow a wide numerical range in
order to support the easier realization of critical usability issues. However, exceptions
exist:
1st heuristic: the visibility of the system status cannot get a value under 0. This is due to
the character of the heuristic because if not implemented at all, the game receives 0 points.
The same exception occurs with the Heuristics 5 and 6: the error handling and error
prevention either exist or not. No intermediate state could exist. The same applies to the
heuristics 7-9: tutorials and in-game and online help. The same was also the case with
LAG and statistics heuristics (12-14).
10th and 11th heuristic: shortcuts to key features and interface modification were the only
ones that could reach the value of 200 points. This was justified because so many of the
already validated heuristics pointed out that shortcuts were important. As the models were
included into the EHD-model, they were already validated and they have to be, at least at
this point, trusted.
The 1st, 5th, 6th, 12th and 15th heuristics: the visibility of the system status, heuristics related
to errors, LAG and advertisement started from the value of 100 and decreased if the
definition of heuristic was achieved. This was done because the character of the heuristics
supported more decreasing than increasing.
The 16th heuristics related to in-game shop items’ prices was calculated from the amount
of in-game currency that was generated without prior knowledge from a one-hour gaming
session. This was done by using the immersion method. The values from the 16th
heuristics were then transformed to points by calculating their relation to the buyable
shop-items e.g. in-game coins and then by further calculating how much value the user
was able to generate within one hour measured in real currency.
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5.

Evaluation

According to Hevner et al. (2004) the evaluation is one of the most important phases in
design science research. In this study, the evaluation phase was done once in every
iteration in total of 6 times but only with the last phase was the EHD-model able to go
through full evaluation process as planned. This was due to the development process
which was defined so that the equations were added last. This was done to ensure that the
EHD-model was saturated with usable and validated heuristics prior to adding the
calculation formulas so that adding them would not interfere with the development
process itself. Here the final iteration of evaluation process is explained since it is the
most complete evaluation that was done for the EHD-model.

5.1 Objectives and predictions
The goal for the final evaluation was to see if it was able to gather explicit heuristical data
from Android freemium fighting games and to see how the results could benefit the
practitioners and thus mitigate the gap between the researchers and practitioners. At this
point a few predictions were made about the possible outcomes of analyzing the data:
1. The ability to tell if the heuristics and the revenue had a relationship
2. The ability to explore the data by using quantitative methods.
3. The ability to identify if some heuristics would only exist with successful / failed
products.

5.2 The origin of the data
The data was collected through the EHD-model that was based on the existing traditional
models. This is a very typical approach when heuristics and playability are studied.
Desurvire, Caplan, & Toth (2004) used the same principles when defining heuristics for
evaluating playability. Also Korhonen5 & Koivisto (2006) combined heuristics models
from various sources in order to gain a more comprehensive view about playability.
To find out if the predictions were correct, data was gathered from Android games and
providers of statistics. This created two sets of data. The first is the heuristics data and the
second is the revenue data. The heuristics data was gathered from selected applications
based on the combination of presented heuristics by using property checklists. The
revenue information was gathered from the providers of Google play statistics. This data
includes an approximate number of installations and the revenue generated in January
2017 in the US markets. AppAnnie provided the list from which the games were chosen.
The list was based on the success of the application measured with money. SensorTower

5 Korhonen, H, PhD, from University of Tampere has published multiple articles about heuristics in games.

He, among other researchers in this field, has repeatedly used the method where single heuristics from
different origins are chosen and combined with an existing model.
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provided the information about the revenue and the amount of installations made in
January 2017.
The games were selected from the report based on the scope (Android freemium fighting
games), provided by AppAnnie on 6th of March 2017 (Appendix B). The report that this
study is based on is regionally limited to the United States. The category of the games is
action games from which fighting games have been chosen. Only the games that have
reported to have app-in purchases are in the report. The report consisted of 417 games in
total.
The information about the games meeting the requirements was fetched from AppAnnie.
417 games met the requirements of a freemium action game that produced revenue in
January 2017 in the US markets. From those 417 games meeting the requirements 20
fighting games were found and listed (Appendix B). The selected 20 games present all
the existing data available during the scoped timeframe in the selected area. Due to this it
is justified to state that even though the amount of data was small it was not insignificant.
Korhonen, Paavilainen & Saarenpää (2009) used also expert evaluation reports when they
compared two playability heuristics sets. Based on the Appendix B, the revenue search
was made by using SensorTower’s data from games. The search resulted in the revenue
and amounts of new installations made in the scoped timeframe (Appendix C).
The revenue of the apps was obtained from the SensorTower. The figures were rounded
but there was a clear polarization of successful and failed games. In this study failing
games point to games that generated a very small amount of revenue compared to the
most successful games. The overall picture of the revenue was that the few top games
generated a significant part of the total revenue. The amount of revenue that a single game
could generate decreased rapidly when going from most successful game towards the
failed games.
As a side product, the amount of new installations was obtained from the SensorTower.
The figures were rounded to thousands of installations. Considering downloads was not
so simple and linear as the revenue. There were several games that had hundreds of
thousands of downloads with very little revenue generated. Even though this study is not
considering the number of new installations within the time period, it could be taken into
account and implemented in future research.

5.3 What was tested
As the game category, fighting games was chosen. This genre was selected due to two
reasons. First, the number of the games had to be further reduced due to time limitations
of this study. The second reason was that the nature of fighting games fits very well with
the use of average player’s playtime, which is typically very short. The study conducted
by Johnson, Gardner, & Sweetser (2016), this genre accounted for 7.9% of the variation
in hours to play and the mean time for sports, racing or fighting games was 6.13 minutes
with the standard deviation of 3.96 when the amount of test carried out was 40. Males
used 8.92minutes and females 7.77 minutes to play on average. If played alone, 7.57
minutes was an average playtime whereas with others the playtime rose to 9.73 minutes.
The last phase in selecting the individual games was to arrange the scoped games based
on the revenue they accumulated within January 2017. This was done by using Google -
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play statistic providers. Top 20 games were chosen to meet Nielsen’s 20-participant
suggestion (Nielsen, 2006) which in this case was transformed to 20 games.
After the selection process, the data collection began. The games, one by one, were
installed to an Android device. The device in question was Honor 7. It can be considered
a middle range device and overall handles modern graphically demanding games well.
After installation, the game was run and screenshots were taken to capture the needed
information for the new combined heuristics model through property checklists.
Screenshots consisted of possible activities in the game from where the calculations of
the heuristics points were made according to EHD-model.
The games were played for 1-hour long sessions to fill in qualitative data through
immersion. The raw data consisted of 250 Screenshots and twenty 1-hour long gaming
sessions. Gaming sessions were executed with all the listed games to gain more
knowledge of the game mechanics and the overall feeling. The qualitative results were
categorized by using six levels (excellent, very good, good, bad, very bad, horrible). All
the data was imported to the SPSS-software after it emerged from the EHD-model.
The quantitative data presented the prime data for the study. It was analyzed by using
statistical hypothesis testing. The qualitative data was categorized to six levels and
analyzed as a group per game to produce additional information to support the findings.
The data created by the immersion method can be interpreted by using content analysis.
As homogenous understanding of content analysis itself doesn’t exist, the way the data
was created was accepted as such (Kohlbacher, 2006).

5.3.1 Statistical hypothesis testing
Hypothesis testing is used to find out if the relation exists between heuristic scoring of
the games and the revenue they were able to generate. It is also used to compare individual
heuristics to revenue. It is much used and validated in quantitative research. It is justified
to use this particular framework due to my research questions and the defined methods of
collecting data.
According to Kendall (1987) statistical hypothesis testing belongs to the advanced theory
of statistics. It describes statistical hypothesis testing where a hypothesis (h1) is proposed
for the statistical relationship between the two data sets. This will then be compared as an
alternative to an idealized null hypothesis (h0) that proposes no relationship between the
two data sets. The comparison will be defined statistically significant if the relationship
between the data sets is an unlikely realization of the null hypothesis according to a
threshold probability. This is called the significance level. There will be a relation
between the data sets or between the mean of datasets only if the significance level is high
enough. The hypothesis tests are used in science to determine what outcomes of a study
would lead to a rejection of the null hypothesis with a certain level of significance.

37

5.3.2 Normal distribution, skewness and kurtosis
Normal distribution, skewness and kurtosis are fundamental measurements for any
statistics. Normal distribution (bell curve) is common in continuous probability
distribution. It is important in statistics and often used in natural sciences due to central
limit theorem6 (Rise, 1995). It represents random variables whose distribution is
unknown. In short, normal distribution is important for two reasons: known variables tend
to set on a bell curve. Also normally or approximately normally distributed data allows
more statistical tests. Furthermore, if mean and standard deviation are calculated from a
normally distributed data it is easy to convert raw scores to percentiles (Lane, 2013).
Skewness is a measure of un-symmetry, the lack of symmetry. A data set is symmetric if
it looks the same to the left and right from the center point. It is very common to have
skewed data set especially if the data set is small. Larger data sets tend to lean towards a
bell curve.
Kurtosis measures if the data is heavy-tailed or light-tailed relative to a normal
distribution. The data sets with high kurtosis have heavy tails, low kurtosis have light
tails. A uniform distribution in the data gathered from real life is rare. One way to describe
kurtosis is to understand it as elevation / flatness in the variable distribution.

5.3.3 Supporting qualitative tests
When statistical tests are done, the answers are compared with the qualitative data to gain
a deeper knowledge from the data. If qualitative data is not able to support the quantitative
results, the purpose of the qualitative data was to give a new view to why this was so.

5.4 The results
The analyzed data presented in the correlation matrix in table 8 explains the relations of
the heuristics and revenue. The data sets include values of heuristics and revenue. There
are 20 sets of heuristics and revenue from the data gathered from the games. It can be
seen that the correlation between the two exists and is significant at the significance level
of 0,041. The relationship is perfectly positive linear.
Based on the results presented in table 8 it can be stated that the correlation exists between
the heuristics and the revenue. The correlation between the used heuristics in the game
and the revenue that the game is able to generate has a statistically significant positive
correlation (0,041 < 0,05). In other words, the more efficiently the combined heuristics
model is implemented to the game the more the game can be predicted to generate
revenue. Based on this the hypothesis is accepted.

6

When independent random variables are added, their sum tends to lean toward normal distribution (Rise,
1995).

38

Table 8. Relation between heuristics and revenue

Heuristics

Pearson Correlation

Heuristics

Revenue

1

,460*

Sig. (2-tailed)

Revenue

,041

N

20

20

Pearson Correlation

,460*

1

Sig. (2-tailed)

,041

N

20

20

*. Correlation is significant at the 0.05 level (2-tailed).

Even though the expected relation was found, it is too soon to formulate fundamental
conclusions from the data as there are several limitations to consider. The intensity and
impact of this result have to be studied more in order to interpret the findings further. The
correlation of the two sets does not mean they are causally connected and it should be
remembered that there are multiple other active forces to the revenue that this study
excluded. This being said, it can be concluded that the EHD-model is able to produce
interesting results never before seen in the field of heuristics. This forms a promising
foundation to investigate this relationship further.
Standard deviation of android games heuristics points was 281,9. The normal curve of
heuristics is at the acceptable rate. Nonetheless, it has to be taken into account that even
though the sample size included all the games from the scopes range, the actual sample
size of the heuristics was small. This should be noted and the results viewed critically.
The mean of the revenue of the games was 575550 (USD) with a standard deviation of
1552367(USD). However, the variance with the revenue was voluminous the minimum
being under 5000USD/month and the maximum 6 Million USD/month. The normal curve
of the revenue has a positive skew. This result is very credible even when using a small
sample size. This is a very typical distribution with the data related to the application
revenue as has already been presented (Agten, 2013; Bormann, 2017).
Interesting results were found when comparing the revenue of the most successful games
(over 500 000USD/month) and the least successful (5000USD or less) games: some
heuristics had a significant correlation with the revenue:
•
•
•
•

7

Heuristics 11: Interface items that can be modified
Heuristics 14: Online statistics are shown, if possible in multiple ways
Heuristics 15: There are no unnecessary advertisement (ads).
Heuristics 16: In-game shop items are reasonably priced related to gain. And the
paywall7 does not exist.

Paywall is a concept that exists when an item cannot be bought by using a collectable in-game currency
but instead had to be purchased by using real money.
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The most significant correlation to revenue existed if the in-game shop items were
reasonably priced related to gain and the paywall did not exist. This had the significance
level of 0,003. Even though this was a possibility, it was unexpected as the average
amount of dollars possible to collect without using real money was only 1.76$ usd/hour.
Based on this evidence, the more value the game could offer the better it performed in
terms of revenue. It would be interesting to investigate more profoundly why this was
so. The gratification got from the success to collect items worth real money was a similar
result to the one from other studies (Paavilainen et al., 2013; Sherry et al., 2006).
The second significant heuristics was to show the user the online statistics presented in
a multiple way, if possible. This had the significance level of 0,016. This was also an
unexpected result. Nevertheless, this result is supported by the literature. According to
Connell & Hammond (1999), the user should have choice availability and Weinschenk
& Barker (2000) stated that the user should be offered flexibility.
The third significant heuristics was to able the user to modify UI items. This had the
significance level of 0,021. Studies suggest that some operators even sell UI
enhancements to the players to generate revenue and that the enhancements range from
actual virtual items to non-item power-ups and UI upgrades (Hamari & Lehdonvirta
2010). Furthermore, all the references to traditional heuristics sets to which the
recombined heuristics were based on suggested that the user should have as much power
over the UI elements as possible.
The last significant heuristics was to ensure that no advertisements were embedded into
the game. This had the significance level of 0,030. This result is also supported by some
studies. According to the new market report by MediaSpike in 2014 (as cited by Usher,
2015) utilizing in-game ads doesn’t work out so well as only 11% of the games allowed
advertisement to break gameplay. Implementing freemium model to the game should
also mitigate the need of the used advertisement even though it could generate significant
amount of revenue.
Even though some of the heuristics were not statistically significant, their heuristics
grades should be noted. All the best games measured with money had very high
consistency (100) and error handling (100) while failed games usually had very low
consistency (0) and poor error handling (0). This could indicate that the games that
received better results were developed by using more sophisticated processes, better
testing and were not rushed to the markets. Also two of the three least successful games
had problems with lag. This was not due to a lack of computing power from the device
as the games with lag were quite old. More likely it was due to a lack of commitment
from the developer’s side to keep supporting older games in a fast-changing market.
Immersion method also revealed that those two games had unresponsive controls. One
of them also required questionable privileges (the ability to make calls). All of the least
successful games suffered from horrible (level 6) amount of ads.
The chosen framework enabled the comparison of the two data sets in the evaluation
phase. It supported such a data collection process and handling very well. The selected
methods were justified and they were able to add information as to why some of the games
had such a low score.
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6.

Discussion

This phase discusses the study. It answers the research question by explaining how the
EHD-model solves the issues that traditional heuristics suffer. It concentrates on the
findings but also takes a look at the whole process from the entry point to problem
identification and further on, leading to objectives, development of the artefact,
demonstration, evaluation and finally to communication. It also discusses the limitations
and the potential of the study as well as further development possibilities.

6.1 Research process
The entry point to the study was formed around the interesting finding that was discovered
in the background search: heuristics are created but not used in practice. As I was
interested in heuristics, I could not get my head around that dilemma. I’ve had the
assumption that the heuristics are incredibly useful and thus surely much be used in the
field of gaming where the margins are thin and competition extreme. To my surprise this
was not the case. Several publications indicated that something was missing and the
practitioners did not seem to find much interest in validated heuristics models in the field
of mobile games.
Problem identification revealed that this was due to researchers-practitioners gap that
existed in approximately every field from health to business, software, games etc. The
issue was well-known and recognized and there were several attempts across the research
fields to mitigate the gap between the scientists and the practitioners. Furthermore, the
reason for this in the field of software engineering and especially with games was that the
existing design heuristics sets offered no explicit way to determine either how they should
be implemented or what kind of effect it would have if some individual heuristic was
forgotten – there was little to no beneficial perspective with practical implementations.
Furthermore, there was no way to define which heuristics were the most valuable in any
target segment. It is no surprise that the existing models are not used!
This formed objective to solution: to develop a new model that offers explicit
measurement, an Explicit Heuristics Design-Model. There was no obstacle found in any
publication denying explicit heuristics. It was just a tradition in this field of science to
develop abstract models. It would be easier to implement traditional abstract models into
practice in theory and thus the irony: they were not implemented at all!
The development stage of the EHD-model had phases. The actual development phase
where already validated heuristics sets were added to the model, the demonstration phase
where it was reviewed if the model would satisfy the needs of objectives and the
evaluation phase where the model was evaluated in terms of how well it was able to
execute heuristics evaluation by using expert evaluation methods. This three-stage
iteration was continued until the demonstration phase showed that the model was
saturated. After this the last and the most comprehensive evaluation was executed: to see
if the model actually was functional. The laborious evaluation process was then
completed: 20 games amongst 417 games with tight scope were selected and heuristics
data was extracted by using two expert evaluation methods.
After the development stage was completed, the communication phase of this thesis was
written. Possible ways to continue the work through publications are being considered.

41

6.2 The findings
The most important finding is the EHD-model. The EHD-model’s creation and
development was successful. It was beneficial to use design science research
methodology. Hevner et al.’s (2004) guidelines were very helpful to keep the focus on
the right issues: the artefact, the rigorous research methods and focusing on the research
question. The model by Peffers et al. (2006) fits nicely together with Hevner et al.’s
guidelines and formed a solid backbone for the whole research process. Even though
mixing methods like Hevner et al.’s and Peffers et al.’s is not uncommon, to me
personally this formed a great learning experience that I consider to be one of the findings
itself. Moreover, it has to be noted that using design sciences research methodology to
form a theoretical model that can be further developed is not a common thing in master’s
thesis: the framework is much more frequently used to develop either software or a
physical artefact. However, this study shows that it can be done. Even though the overall
process is slower, more time-consuming and somewhat more complex as it contains lots
of different phases, it is doable even with the time and resource etc. limitations of master’s
thesis process.
The Explicit Heuristics Design -model works as expected and the presented hypothesis
was accepted. The EHD-model is able to produce results. It was found that after
implementing 16 heuristics its knowledge was saturated to the level that not every
validated heuristics set could bring new knowledge to it. However, this does not mean
that it is perfect or ready. Many already validated heuristics models exist and it is certain
that some of them contain valuable information that is not implemented yet: the older
ones like Smith & Mosier’s Guidelines for designing user interface software (1986),
Bastien & Scapin’s Ergonomic criteria for the evaluation of Human-Computer interfaces
(1993), Borges, Morales & Rodrigues’ Guidelines for designing usable World Wide Web
pages (1993) or more recent ones like Desurvie, Caplan and Toth’s Heuristic evaluation
for playability (2004), Desurvie & Wilberg’s game usability heuristics called PLAY
(2009) Korhonen’s playability evaluation methods (2016) or several others. A lot of work
still needs to be done in order to enhance the EHD-model to the same level with the others.
However, what is important from the viewpoint of the results is that the EHD-model
offers an approach that has not been discovered earlier. Amongst all heuristics sets the
EHD-model offers a completely new way of looking at old issues and perhaps a way to
solve several of them. Even with all its current limitations, the EHD-model has proven to
be effective and to be able to produce results:
1. Some type of relation between the heuristics and the revenue exists.
2. The EHD-Model has an inbuilt feature to offer quantitative data.
3. The EHD-Model has successfully identified individual heuristics that
occur only in successful or failed products.
The nature of the relationship between the heuristics and the revenue is not clear at this
point. The model is new and it contains a lot of limitations. However, as this type of
direct, statistical approaches have not been used before, the findings could prove to be a
game changer. At this point it would beneficial to look at the issues from a wider
perspective and to concentrate on further development. It is certain that much needed
revolutionary changes exist. But for now, they need to wait until the model has been
developed into a more mature level.
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6.2.1 The EHD-model
The EHD-model supports the research policy of the design science research well. It
endorses the selected method and through it, facilitates the process introduced by Peffers
et al. (2006). It promotes and expands the use of the traditional models. The EHD-model
supports analyzing the collected material easily and encourages to new practical
implementations. By doing this the process brings together the background of the research
leading to the selection of scientific frame and methods. It binds the scientific world with
the practical solution and presents an explicit viewpoint to heuristics.
The EHD-model consists of the simple explanation of how this study calculates the
implementation of the presented heuristics from the chosen games. The model presents
the simple way to calculate heuristic values from selected games and explains why the
specific heuristics has been chosen. It must be noted that the model is in its early phase
of development. This can cause imbalance between some heuristics. The goal was to
develop the model so that all the chosen heuristics would be equal in relation to others.
The EHD-model is not yet well balanced but as the same model was used for all the games
the results were comparable. It has to be noted that when extracting the heuristics
presented in table 7 the default supposition is that cognitive load increases according to
Hick’s law8 and should be avoided. E.g. it is better to have greater consistency and less
differentiation amongst the screens in order to limit the cognitive load.

6.2.2 Other findings
As the process of creating and developing the heuristics model that is able to extract
explicit numeric values out of its target didn’t exist before, it is possible to further develop
the model to a framework. As this study uses the design science research methodology it
supports the further developing of its artefact. This could be seen as natural continuum of
the research. This could affect the way heuristics are developed.

6.2.3 Implications to theory
The study contributes scientific community by offering a new approach to heuristic
evaluation. It offers something no other heuristics design is able to give: an explicit way
to extract heuristics data in easily measurable manner. It is intended for any researcher
interested in heuristics. It introduces a new concept that is based on already validated
models and design science research methodology. It gives a walkthrough of the process
of how the abstract models can be transformed to produce explicit data. It explains how
the created EHD-model is to be used. It points out how the conclusions are made and how
the research could be replicated. It also justifies the results by comparing them to similar
results from other studies. Moreover, the study offers several interesting possibilities for
further research.

8

Hick’s Law (or the Hick-Hyman Law) describes that the more choices a person is presented with, the
longer the time the person will take to reach a decision. Named after psychologists William Edmund Hick
and Ray Hyman, Hick’s Law is often applied in user experience (UX) design to avoid overwhelming the
user with too many choices (Soegaard, 2016).
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6.2.4 Implications to practice
The practical implications of this study can affect how to develop new games and how to
guide the development of existing games. It is intended for any practitioner interested to
implement cost-effective method to increase products revenue by concentrating on
heuristics. The EHD-model can be used to enhance the ability to create revenue within its
target segment. Unlike other heuristics sets the EHD-model is able to measure the process
where the product is being enhanced. This can be easily seen in terms of money. The
EHD-model is beneficial to the practitioners in many ways: first, it is able to pinpoint
what aspect of the game should be enhanced. This is done with an easy checklist-method
described in this thesis. The checklist is also provided as appendix D. Second, the EHDmodel is able to estimate how well the game does compared to other games in the same
genre. Third, it should be relatively easy to automate the process and to develop a tool
that is able to detect and evaluate games based on the EHD-model. As a tool to the
estimate revenue, it offers a lens that can be used to guide even business processes.
Moreover, this tool could be transformed into products and marketed.

6.2.5 Other implications
The proven relationship between the used heuristics and the revenue enhance the
importance of heuristics in development process and offer practitioners a need to use
scientific models. It can mitigate the researchers-practitioners gap by offering benefits to
both parties. It is developed to support the cooperation from deep scientific theories,
frameworks and methods to implementing science into practice with easy to follow guide.
The EHD-model needs further development and investigation offering both parties a
chance to participate to its development: to its challenges and possibilities.

6.3 Limitations
Design science research has got some criticism about its process and how it differs from
other forms of research. According to Easterday et al. (2014) disagreement amongst
design research theorists about whether design is a science at all and e.g. Simon (1996)
states that it is just a science focused on the nature of designed artefacts. Easterday et al.
also argue that in a design process it is often ignored how the design differs from practices
used in industry. It is sometimes even thought that design science doesn’t fully match the
narrow concept of science and at the same time has too much internal restrictions to be
accepted in practitioners’ field, either.
One aim of this study was to be as objective as possible. This has been supported by
defining explicit quantitative limitations when gathering data. Instead of broad and
abstract answers this study aims at exact measurements and analysis. This being said, the
objectivity related to quantitative methods is not automatic since objectivity can exist in
a somewhat a grey area. The quantitative methods themselves can help to raise validity
because the measurements themselves are objective. According to Brooks & Hestnes
(2010) the subjective data is always closely linked with the user’s experience. Because of
this, the study eliminated the involvement of the user by supporting expert evaluation
methods. However, it is important to notice that just using the quantitative methods do
not guarantee objectivity.
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Heuristic values derived from the EHD-model are not in perfect balance. Still, it has
produced some results. Its heuristics and the evaluation criteria were the same for all the
games. Also, the sample size was small but it did include all the games within the scoped
segment. It has to be pointed out that there is a lot of work to be done with validating the
model and verifying the results: an un-validated model produces un-valid results. Still,
based on this study, it can be said that the EHD-model reveals totally new possibilities in
the field of heuristics.
A disadvantage related to the heuristic evaluation is that it sometimes identifies usability
problems without providing direct suggestions of how to solve them (Nielsen and Molich,
1990). According to Nielsen (1995) a heuristics evaluation needs to have multiple
evaluators (3-5) to find different problems. In this case Nielsen might be wrong because
the EHD-model includes only explicit tools. Even though Nielsen’s view is limited due
to his model being abstract, the number of experts needed to recognize the usability issues
(3-5) could turn out to be true. Still, it has to be remembered that this rule is considered
to be in a different, qualitative, context.
There are also some limitations concerning the used heuristic evaluation methods.
Property checklist and immersion are both methods that make it impossible to gather
experimental data from real end-users. In this case, they are justified as the study
concentrates only on the mechanics of implemented heuristics features through
the EHD-model. However, this should be noted in further development phase of the
model if other forces that influence the revenue (e.g. user-centered views) are taken into
account. Both used methods have an inner issue that has to be taken into consideration at
a further development phase: an expert is not a user.
Heuristics themselves have been criticized. They are usually targeted to the researchers
and they tend to fail on constructive criticism. There are as many models and frameworks
as there are heuristics-oriented researchers and they all use similar starting points and the
same original publications and thus inherit the same restrictions. Even though the
EHD-model offers a new way to look at old usability issues, it also inherits from the
frameworks of others. Moreover, while the EHD-model offers something that has never
been done before and can produce results, it is also an invalidated model. It needs further
research in order to present scientifically higher quality results. At this point, it cannot be
fully trusted.
Furthermore, due to time and resource limitations of a master’s thesis it might be difficult
to reach appropriate conclusions on the research findings. This is due to a large range of
factors that exist outside this study and some of them can be considered chaotic. So, even
though e.g. the correlation between the heuristics and the revenue can be deduced, it is
troublesome to be proved with a high level of certainty. With the limited timeframe of a
master’s thesis and the data also coincidences may be perceived as correlation.
Lastly, some of the references in this study were not from a scientifically valid source.
This was due to the fact that all needed information was not available using scientific
material. Regardless of this, the need of source criticism needs to be noted.
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6.4 Future research
The first thing to do towards validating the EHD-model is to reproduce the results in the
same manner they were obtained during this study. The validation process could then be
directed towards a new and bigger data and towards new goals. Those goals could include
widening the scope of the games to other genres and later to other platforms. The EHDmodel could be further merged with other validated models or individual heuristics could
be selected to enhance the existing model. At least the data from new installations should
be implemented as the data already exists.
At this point it could be defined how the model could be modified in order to better fit
the needs of practitioners as it seems to be impossible to create a model that can cover
every field – there are just too many genres, too many platforms etc. There simply are too
many variations to be considered. The EHD-model could also be developed towards a
framework. Rather than being just a tool or a model that can be used on a specified task,
it could be developed to form a process to guide the next generation of explicit heuristics
models.
In a smaller scale the results from this study also need a closer inspection: the relation
between heuristics and revenue is an interesting topic that could produce more than one
publication depending on the viewpoint. Based on this study alone, it has at least two
ramifications: either to concentrate on the reasons why this relation exists or on the
possible correlation between the two. Furthermore, there are a lot of other statistical tests
that have not yet been carried out.
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7.

Conclusion

Based on the background search it was concluded that the heuristics models are being
created but not used in practice. This was due to a known gap between the researchers
and practitioners. No study published so far looks at heuristics as explicit guidelines.
Instead, they are seen as abstract models that offer no real value and the practitioners
often regard them useless. This led to the development of the Explicit Heuristics Design
-model (EHD). The purpose of the EHD-model is to provide explicit heuristic information
from mobile games in a simple and clear numerical manner. By combining these values
to revenue data, it is possible to point out the usability issues that affect the amount of
money that a target game can generate.
This study used design science research as its framework. It used Peffers et al.’s (2006)
process model of how to implement design science research framework. The EHD-model
was developed and tested in iterations until demonstration phase indicated that maturity
level in terms of saturation was achieved. The evaluation phase then revealed the
relationship between the heuristics and the revenue. This led to the acceptance of the
hypothesis. Moreover, the EHD-model was able to point out which heuristics were only
present in the most successful or failed products in terms of money.
The study has served the science community by proving that the EHD-model is able to
produce results. Even though the EHD-model requires a lot of further development and
adjusting, it has opened several new interesting research possibilities. Furthermore, the
results of this study can be beneficial to both parties and thus accelerate the cooperation
and reduce the gap between scientific community and the practitioners.
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Appendix A. Systematic search for previous studies.
Systematic search made combining following databases. Following table shows how
many results was found. Asterisk indicates if the results were then further studied
manually to find the similar researches. Two asterisk at the ACM database indicates the
only research found that aimed to identify the relationship between heuristics and the
revenue.

Search words

Mobile
games

Heuristics

Income

Android

Freemium

Google
scholar

1430000

22100

14900

764

69*

ACM

52466

9555

10**

IEEE

5714

148*

0

EBSCO

1470

0

ABI/INFORM

38393

2*

SpringerLink

58858

5205

600

43*

2

ScienceDirect

28879

2628

342*

Wiley Online

28166

2429

841

13*

Total

1643946

42067

16683

820

Database

71*

total
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Appendix B. Report of the games from AppAnnie.
The order of the games is based on their revenue. The total of 20 games were selected
from 417 games matching the Freemium Action games in the US markets in January
2017. These 20 games are scoped from the original list based on their fighting game subgenre. The list presents the order number of the game on the list and the title of the game
as presented in the original data.

1
2
11
15
20
25
33
35
56
60
66
68
86
95
99
102
129
278
294
388

MARWEL Contest of Champions
DRAGON BALL Z DOKKAN BATTLE
Ultimate Ninja Blazing
MORTAL KOMBAT X
Injustice: Gods Among Us
Ninja Turtles: Legends
Shadow Fight 2
Gods of Rome
The Amazing Spiderman 2
Mutants Genetic Gladiators
WWE Immortals
Monster Strike
Super Mechs
Real Steel World Robot Boxing
Real Steel Boxing Champions
Titan Brawl
Real Steel
Ultimate Robot Fighting
Iron Kill: Robot Games
Mutant Fighting Cup 2
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Appendix C. The report of the Revenue from
SensorTower
Revenue from January 2017. This information was fetched from the SensorTower which
is provider of statistics for Google and Apple apps. The list consists of app name, revenue
generated January 2017 and the number of downloads. The revenue is measured in US
dollars in Millions or in Kilo (thousands).
The report is presented as it was combined from the AppAnnie and SensorTower sources.
It includes an error with the game 68 as it should be before the game 66 because the list
is generated based on the revenue. However, the game should be on the list and only the
order number is wrong. The same problem reoccurred with the game 86 which should be
further down on the list.
The list is presented in this order as it is the original order in the data. The reason for the
wrong order of the few games might be caused by error in the information system of the
data providers. However, this is not an issue in this study and does not cause errors to the
data.
The data also consists of the amounts of downloads made during the timeframe. Even
though this information was not used in this study, it could provide additional information
for future studies.
Order

1
2
11
15
20
25
33
35
56
60
66
68
86
95
99
102
129
278
294
388

Name

Revenue

Downloads

MARWEL Contest of Champions
DRAGON BALL Z DOKKAN BATTLE
Ultimate Ninja Blazing
MORTAL KOMBAT X
Injustice: Gods Among Us
Ninja Turtles: Legends
Shadow Fight 2
Gods of Rome
The Amazing Spiderman 2
Mutants Genetic Gladiators
WWE Immortals
Monster Strike
Super Mechs
Real Steel World Robot Boxing
Real Steel Boxing Champions
Titan Brawl
Real Steel
Ultimate Robot Fighting
Iron Kill: Robot Games
Mutant Fighting Cup 2

6M
4M
500k
300k
200k
100k
100k
60k
50k
50k
30k
40k
10k
20k
20k
10k
8k
5k
<5k
<5k

600k
500k
400k
800k
200k
500k
3M
600k
10k
60k
100k
<5k
200k
500k
400k
60k
7k
20k
90k
400k
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Appendix D. Property checklist.
Property
heuristics

checklist

Title of the game
Order number in the list

Order number of heuristics
1.

Visibility of system status

2.

Clarity of the text

3.

The ability to leave an unwanted
state.

4.

The consistency of activities.

5.

In case of error the user is notified
of what happened.

6.

Error handling

7.

Error prevention

8.

In-game Help

9.

Online Help

10. Shortcuts exist
11. Interface items can be modified
12. LAG
13. Local statistics
14. Online statistics
15. Ads
16. In-game items
17. Total points

Awarded points

for

evaluating

