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Abstract In the last years, there has been an increasing interest in the design of video
games as a tool for education, training, health promotion, socialization, etc. Usability, which
is a key factor in any video game, becomes even more important in these so-called
“serious games”, where the users’ special characteristics should be considered, and the
game efficacy depends on the users’ adherence and engagement. However, evaluation of
the usability of this kind of games requires a redefinition of techniques, methods and even
terminology. In this paper, we elicit six research questions and conduct a systematic review
of the scientific literature, which resulted in the selection of 187 papers that contained
the most relevant responses. The conclusions of this systematic review illustrate the
general status of current academic usability evaluations of these games and the main trends
in the selection of methodologies and how are they applied. This view may be a very
valuable foundation for future research.

Keywords Human-computer interaction - Usability - Usability evaluation - Serious games -
Interactive media - Systematic review

1 Introduction

Video games, which are hereafter referred to as games, are one of the most successful and
representative examples of interactive media [108]. Furthermore, their interactive nature is
one of their most important characteristics. As a result, their study from an Human-
Computer Interaction (HCI) perspective is needed [13].
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However, games “differ in many respects from productivity sofiware” [122]. They are
special software systems in which the interaction between the gamer and the user interface
should be done in ways that do not demand the users’ attention and do not interrupt the flow of
work [59, 110]. Specifically, “productivity applications are tools, and the design intention is to
make tasks easier, efficient, less error-prone, and increase the quality of the results. Games,
instead, are intended to be pleasurable to play and sufficiently challenging in order to provide
a good gaming experience. The intention is to reduce the obstacles of fun, rather the obstacles
of accomplishments” [166].

This interaction is usually based on novel concepts, where user satisfaction and perfor-
mance are specifically catered to as keys to attraction and sales success [110]. Furthermore, the
different games genres in existence lead to the coexistence of different control schemes and
interface layouts [139].

The usability of games in this scenario becomes crucial [59] and creates new challenges for
traditional usability evaluation techniques [122, 139, 166, 172]. The first reported application
of usability evaluation techniques to game development was in 1997 at Microsoft [59, 75,
129]. However, although usability of productivity software conforms to a known corpus, the
usability of video games is a challenging matter of study.

All of these challenges dramatically increase when considering so-called serious games.
Serious games are, basically, “games used for purposes other than mere entertainment” [224].
That is, serious games are “applications of interactive technology that extend far beyond the
traditional videogame market, including: training, policy exploration, analytics, visualization,
simulation, education and health and therapy” [181]. Additionally, many serious games (for
instance, those with focus in healthcare) are usually played by users with special interaction
needs, such as children or elderly users with different cognitive characteristics and sensory
impaired people, as in the treatment of a wide range of pathologies, which can either directly or
collaterally affect the interaction scenario. All of these constraints contribute to the special
relevance of usability assurance as an unavoidable requirement, which crosses the design
process.

Going even further, although designing games for skilled gamers is slightly simplified
because there are known game languages, interface conventions and control schemes, the
audience in the case of serious games includes non-gamers, which occasionally results in bad
experiences because the target user ‘does not get games’ [150, 219]. These facts lead us to the
questions of how to properly evaluate the usability of video games and what the most suitable
evaluation techniques are. To shed light on these questions, a search of how these games have
been evaluated in the literature is required.

In this regard, we present in this paper a systematic search of the academic literature
using only scientific databases, as it is known that Universities and other Academic
Institutions are one of the main actors of serious games research [224]. As a result,
contributions from the Industry and other professional fora can be considered out of the
scope of this paper.

The rest of the paper is organized as follows: in the next section, we explore some of the
usability challenges that result from the special characteristics of serious games. This prelim-
inary analysis results in a set of research questions exposed in Section 3, which we sought to
answer through a systematic review of the scientific literature. The methodology of this
systematic review is also detailed in Section 3, and the results are statistically described in
Section 4. A non-systematic analysis of the results and extracted general conclusions are
exposed in Section 5, as are the future lines of research opened by this study.



2 Usability evaluation of serious games

In this section, the usability challenges that result from the special characteristics of serious
games are preliminarily discussed. In this discussion, a number of research questions arise and
are indicated with the acronym RQ. In section 3.1, all of these research questions are
recapitulated prior to describing the systematic review.

When evaluating the usability of these games, three approaches are possible: discarding
traditional techniques and developing new evaluation techniques that were specially conceived
for games; directly applying “off the shelf” techniques under the assumption that differences
between games and productivity software are not critical; or adapting existing traditional
techniques to overcome these differences [163] (this leads to RQ1). There is no consensus
in the research literature regarding which approach should be preferred. Furthermore, some
terms and concepts are occasionally confusing in the literature. Therefore, before a systematic
search can be performed, an informal review of the literature is needed to categorize the
different approaches, clearly define the terms and center our research.

Because an exhaustive description of every single existing evaluation technique, whether
new or traditional, is necessarily outside the scope of this article, we will need a framework to
refer to them; additionally, references are provided when a specific technique is named in case
the reader desires more detailed information. Throughout this article, we refer to the classifi-
cation shown in Fig. 1. Both traditional and novel usability evaluation techniques can be
classified according to the scheme proposed [96, 107, 112, 220, 252, 257]. Over real systems
or prototypes, the best alternatives are either evaluations conducted by experts, which are also
known as Inspection Methods, or evaluations involving users, which are divided into Inquiry
Methods and Testing Methods depending on the methodology adopted. With a more academic
focus, Predictive Evaluation offers some predictions regarding the usability of a potential and
not-yet-existent prototype.

According to the ISO 9241 definition, the term “usability” covers three different aspects:
“effectiveness,” “efficiency” and “satisfaction,” with usability being the extent to which a
product can be used with effectiveness, efficiency, and satisfaction in a specified context of use
[105]. We will use these three terms as categories with which to classify the differences
between games and productivity software, as well as a framework to analyze various usability
evaluation techniques when they are applied to games. It is important to note the difference
between effectiveness and efficiency: effectiveness is the capability to produce a desired result,
whereas efficiency is the ability to produce the result while minimizing the effort, cost or time.
According to this framework, usability evaluation techniques focus on task completion and
functional adequacy (effectiveness), on performance in terms of the reduction of errors and
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maximization of interface aids (efficiency), and on the feelings, thoughts or aesthetic appeal
and personal preferences of the users (satisfaction).

Starting with effectiveness, the differences between games and productivity software lead
to difficulties when defining which tasks can be carried out using the game. Both Inspection
Methods and user-based evaluations are, in some cases, task-driven: evaluators propose tasks
that must be completed using the software being evaluated. Tasks are occasionally described
step-by-step in a very detailed fashion, including how to use the tool being evaluated, as is the
case with Cognitive Walkthrough [135, 175], Pluralistic Walkthrough [21, 22] and Task
Analysis [8, 172, 215]. Pinelle, Wong and Stach [172] warn that “many usability inspection
techniques are not appropriate to games since they either rely on formal specifications of task
sequences” (RQI1.1).

This conflict can perhaps be solved by redefining “tasks” as in-game goals based on ludus
rules (winner-loser) [7]. However, it is important to keep in mind that if the tasks are not well
defined, the evaluator effect is higher [97], which can add bias to the results. Otherwise,
however, the evaluator effect is a measure of reliability only and not of validity [97].

Regarding differences related to efficiency, performance in games is understood differently
than in other domains (RQ1.2): “users errors are usually undesirable in other domains, but are
expected in many games since they are designed to challenge users and to force them to
develop new skills so they can achieve in-game objectives” [172]. Furthermore, in serious
games, “the pathways of exploration and trial and error loops to help the player acquire new
knowledge and skills in the process” [111, 150].

The definition of terms is again critical: the term “error” should be redefined to avoid
confusion with erratic exploration of the interface or in-game narratives. It is “imperative to
differentiate hesitations and error due to a bad HI design from actual trial and errors from the
exploratory nature of discovering gameplay elements” [150]. Indeed, “Games should be
designed to be ‘pleasantly frustrating experiences’, challenging users beyond their skills”
[125, 150]. “Usability metrics for serious games should distinguish in-game frustration from
at-game frustration” [81, 150]. According to a more careful definition of “error,” game
interfaces should be as error-free as productivity software interfaces: “failure to design usable
game interfaces can interfere with the larger goal of creating a compelling experience for
users, and can have a negative effect on the overall quality and success of a game” [172].

Delving deeply into the differences related to efficiency, it is noted that the instructor can
interrupt the participant occasionally to ask questions in traditional user-based usability testing,
whereas this is not always possible in games because the interruption can cause unnecessary
difficulties for the participants [129] (RQ1.3); this is particularly true for some applications of
serious games when the cognitive characteristics of the users are especially constrained.

On first consideration, the concept of the third aspect, satisfaction, appears to be similar in
both games and productivity software. However, the use of the term is actually controversial.

To some authors, the focus of usability in games consists only of “not presenting challenges
not related to the game so that the player is focused only on having fun” [49]. According to
these authors, usability does not address questions about aesthetic appeal or personal prefer-
ences. “Game usability does not address issues of entertainment, engagement, and storyline,
which are strongly tied to both artistic issues (...) and technical issues (...)” [172]. Alternately,
if User Experience (UX) is defined as “a person’s perceptions and responses that result from
the use and/or anticipated use of a product, system or service” [64], it “cannot be neglected in
games” because the user experience will consist “of both functional and emotional sides, with
greater focus on the emotional side, and it changes dynamically over the time” [61, 192].



Indeed, some new expert review methods have focused primarily on anticipating satisfaction
around playability and fun [44, 53, 65, 123, 145] and secondarily on pure effectiveness and
efficiency in HCI [172].

New terms such as “player experience” and “playability” have been introduced to address
questions of entertainment, engagement or appeal, thereby broadening the concept of usability
but also increasing confusion in the terminology. Whereas some authors identify playability
merely as “the instantiation of the general concept of usability when applied to games” [63],
others, such as Olsen, Procci, & Bowers [44], distinguish between usability and playability,
with usability referring to the effectiveness and efficiency categories defined previously.
“Usability is a more micro approach, focusing on the independent functionalities within
individual components of a system”; “playability, on the other hand, focuses on a broader
sense of overall functionality associates with the integration of several usable tools, allowing
for successful and enjoyable interaction with a game” [164].

How to distinguish between playability and usability is a key theme in the research
literature: It seems that evaluation of both aspects could be based on the same techniques,
and the problems detected in the evaluation of games cannot be easily identified as usability or
playability issues [160].

For operative reasons, we will establish a terminology applicable to this paper where
playability will be specifically identified with satisfaction as one aspect of usability, while
the other two aspects, effectiveness and efficiency, will be separately considered as closer to
HCI questions. This is only a useful convention of terminology and discards additional
aspects, such as narration coherence and game narratives [7, 196], which are also closely
related and could also be considered part of the usability concerns. However, our assumption is
coherent with various proposals, such as Federoff’s [65], who divided his heuristics into three
areas: game interface, game mechanics and game playability. These three categories were
proposed by Clanton [44] and can be understood as the game environment translation of the
three aspects of usability. However, as noted, any attempt to maintain an agreed-upon
terminology will encounter difficulties.

After these considerations and with regard to satisfaction, some authors believe that
Heuristic Evaluation (HE) [154] could be suitably adapted to measure satisfaction (RQ1.4).

“Heuristics as seen non relied on task sequences and flexible enough to be reused in new
contexts” [139, 172].

“The heuristic approach has been successfully used in previous game evaluations
because it does not make assumptions about task structure, and it is flexible enough to
be adapted to specialized domains” [171].

New heuristic guidelines appear to cover new considerations regarding playability and the
new interaction concepts [53, 65, 123, 172]. Pinelle, Wong and Stach [172] defend the creation
of new heuristic sets because traditional guidelines do not cover issues such as “proper camera
angles when displaying the game world or providing intuitive control mappings”. Pinelle,
Wong, Stach, & Gutwin [171] introduce a new set of heuristics for evaluating multiplayer
game usability by attending to the interaction primitives called “mechanics of collaboration”.

Finally, and referring to the three aspects of usability (effectiveness, efficiency and
satisfaction), user testing is widely recommended in the literature. Although some authors
understand playtesting as part of some expert-based methods as well as user-based tests, we
will follow the classification reported before in Fig. 1. Accordingly, the term playtesting is
used in this article to refer to the application of traditional user testing techniques to games [74,



160, 194, 209] and it covers inquiry and testing methods shown in Fig. 1. Differences are
explicitly noted when appropriate.

The previous discussion raises quite a few research questions regarding which techniques are
effectively used in the research literature (RQ1), how they address specific differences of games
compared with productivity software (RQ1.1, RQ1.2, RQ1.3 and RQ1.4) and how games are
evaluated in the literature with regard to their characteristics and those of the evaluation environ-
ment (RQ2). All of these questions motivate the following systematic review of the literature.

3 Review method

To obtain answers to the questions presented in the previous section, we conducted a literature
review, specifically focusing on methods for usability evaluations of serious games. To
perform this review, we followed a systematic and structured method inspired by the guide-
lines of Kitchenham and Brereton [24, 118]. According to their recommendations, the review
protocol validation included the execution of a pilot, and the data extraction was performed by
one researcher and checked by the other two [24].

The research questions, the selection of source material and the exclusion and inclusion
criteria are described in subsequent subsections.

3.1 Research questions
Our review is driven by the following research questions:

*  RQI: Which is the preferred approach when evaluating the usability of games: discarding
traditional techniques and developing new evaluation techniques that are specially con-
ceived for games; directly applying “off the shelf” techniques under the assumption that
differences between games and productivity software are not critical; or adapting existing
traditional techniques to overcome these differences?

— RQI.1: Are task-driven techniques used to evaluate games? Are they adapted in any way?

— RQI1.2: Is performance in games understood differently than in other domains? Is the
“error” concept redefined?

— RQ1.3: Are instructor interruptions especially avoided during playtesting? Is the Think
Aloud technique commonly applied?

— RQI.4: Is satisfaction measured with special attention? Are new heuristic guidelines used
with this objective?

* RQ2: Which are the most remarkable characteristics of the tested games (e.g. area of
study) and of the testing environment (e.g. number/age of users, type of interface, etc.) in
the evaluations described in the literature?

3.2 Source material

Both manual and automated methods were applied to select candidate papers from leading
journals, conferences and other related events. The knowledge databases selected were



IEEExplore, ACM Library and ISI Web of Knowledge. The date of the search tasks was
May 1, 2015, but the results were updated on November 13, 2015, after a delay in applying the
manual inclusion and exclusion criteria to the first sets of results.

The inclusion and exclusion criteria are described in the next subsection. The majority of
these criteria were applied using the search tools provided by the knowledge databases (search
strings are shown in Table 1), but a manual application of the rest of the criteria was necessary
to obtain the final selection. The search strings are different because the search tools are based
on the different models of the databases, but the manual application of the criteria overcomes
these limitations. The quantitative results of the automatic filter are summarized in Table 1.

General terms like “games” and “usability” were used against more specific terms like
“serious games” or “usability evaluation” to avoid the risk of missing references in an scenario
where terminology used in literature is not uniform and sometimes not consistent.

After removing repeated items from the first 858 results, we obtained 706 items, with 78 of
them unavailable to us. After a manual application of the rest of the inclusion and exclusion
criteria, we found 441 not to be relevant according to those inclusion and exclusion criteria; the
remaining 187 were considered relevant to our research objective [1-6, 9, 10, 12, 15-19, 23,
25, 27-43, 4548, 50-52, 55-58, 60, 62, 6673, 76-80, 82-94, 98-100, 102-104, 106, 109,
113-117, 119-121, 124, 126-128, 130-133, 136-138, 140-144, 146-149, 151-153, 159,
161, 162, 165, 167-169, 173, 174, 176, 178-180, 182—191, 193, 195, 197, 199-208, 210,
212-214, 216-218, 221-223, 225-235, 237-240, 242-245, 247-251, 253-256, 258, 259].

3.2.1 Inclusion and exclusion criteria

We included articles that were published in journals, magazines or conference publications and
included the words “usability” and “game” in the body, the title or the abstract. The language
selected was English, and we did not apply any type of publication date filter.

The use of the term “game” was controversial, but because a more specific term (such as
“serious game”) would exclude relevant results, we delegated the exclusion of non-relevant
studies to further manual filtering. We had to exclude results about Game Theory that were
accidentally included in the first set of results; they meet the inclusion criteria but obviously are
outside the scope of this paper. Additionally, there were various game-like proposals, such as
the simplification of captchas for authentication or systems based on game engines, which
were also marked as not relevant for our study. We only include usability testing descriptions
when the game is complete and offers an evaluable interface to the user. We also excluded
analyses of particular aspects of the interface that excluded the overall interaction with the

Table 1 Number of search results

Knowledge Search string Number of

database results

IEEExplore ((“Abstract’ :usability) AND “Abstract”:games) 191

ACM Library (Abstract:usability and Abstract:games) and (PublishedAs.journal OR 394
PublishedAs:proceeding OR PublishedAs:transaction)

ISI Web of Topic: (usability game) 273

Knowledge Filtered by: kind of document: (ARTICLE OR REPORT OR ABSTRACT OR
REVIEW) AND Language: (ENGLISH)
Period of time: All time




game. Any type of gamification results, understanding gamification as the application of game
mechanics to non-game contexts to engage users [54], were also included when the applications
were designed using gamification approaches and their usability was evaluated. We also discarded
usability tests based on physiological measures because we understood that they are outside the
usual tools that are available in general usability laboratories and are instead typically developed
ad hoc for a project. However, we included Brain-Computer Interfaces (BCI) because they are
considered part of the game to be evaluated and not the evaluation tools.

Usability evaluations are occasionally part of a User-Centered Design approach, but we are
interested in the specific usability evaluation sessions that are eventually carried out as part of
the methodology, not the entire framework.

The recommended number of users involved in an evaluation is controversial in the
literature: according to some authors, it depends on the specific technique applied [101]. We
only included tests with five or more users because that seems to be the minimum number that
the literature considers adequate to find usability bugs in an average user interface [157, 177,
241]. However, for expert analysis, we did not establish any filter regarding the number of
experts running the test.

Additionally, we excluded proposals of new usability evaluation techniques to focus
specifically on game usability evaluation. These new proposals occasionally include a test,
but we considered them to not be sufficiently representative when they are example applica-
tions of the new proposal.

A summary of the inclusion and exclusion criteria is shown in Table 2. The majority of
these criteria were applied automatically when using the search tools provided by the knowl-
edge databases (the detailed search strings are provided in Table 1), but other criteria were
applied manually, as described in this section.

4 Results of the review

In this section, we describe and analyze the 187 relevant studies that were finally selected from
the systematic review.

Table 2 Summary of the inclusion and exclusion criteria

Inclusion criteria
 Terms “usability” and “game” in the Title, Body or Abstract.
« Articles published in journals, conferences (e.g., symposiums, workshops) and magazines.
* Articles written in English.
* Any publication date.
« The article includes at least one usability evaluation of a game.

« If the evaluation is based on user tests/playtesting, more than 4 users should be involved. If the evaluation is
based on an Inspection Method, no filter is applied.

» Games whose interfaces are based on Brain-Computer Interaction.

Exclusion criteria
» Game-based solutions and game engine research when they are not referred to as a game usability evaluation.
« Evaluation of the performance and usability of a game when it is based on physiological measures.

* Description of proposals of new usability evaluation techniques specifically focused on games even when
they include a usability evaluation example.




We start our analysis by classifying the items according to the area of study where the game
being evaluated is to be applied (Fig. 2). We found four main categories: (1) Learning [3, 4, 12,
15-17, 19, 27, 28, 37-40, 47, 55, 60, 67, 68, 71, 76, 77, 85, 86, 93, 98, 100, 102, 104, 109,
115, 120, 128, 131, 137, 146, 147, 149, 167, 174, 176, 178, 179, 185, 188, 191, 197, 200, 201,
203-206, 210, 212, 217, 218, 223, 225, 227, 229, 239, 240, 242-244, 251, 253, 259],
including formal or informal approaches; (2) Health [5, 6, 10, 18, 23, 29, 32, 45, 48, 52,
56-58, 66, 69, 72, 73,79, 87,91, 92, 94, 99, 103, 114, 119, 121, 127, 130, 140, 159, 162, 169,
173, 180, 183, 184, 186, 195, 213, 214, 216, 222, 226, 231-233, 238, 245, 247-249, 255],
which can be divided into the categories shown in Fig. 3; (3) Accessibility [152, 161, 202, 207,
221], including any game that is not in the previous categories and focuses on the inclusion of
people with sensory impairments; and (4) Others [1, 2, 9, 25, 30, 31, 33-36, 4143, 46, 50, 51,
62,70, 78, 80, 82-84, 88-90, 106, 113, 116, 117, 124, 126, 132, 133, 136, 138, 141-144, 148,
151,153, 165, 168, 182, 187, 189, 190, 193, 199, 208, 228, 230, 234, 235, 237, 250, 254, 256,
258], which serves as a miscellanea category, where we included analysis of networked
commercial games or mobile games that did not pay attention to any of the previous specific
areas. This final group of tests included training tools for aircraft pilots, design tools for
architects or engineers and analysis of famous commercial games, among others.

As defined in Section 2, the objectives of usability evaluations can be focused on different
aspects of usability because the term usability groups different refinements of the human-
interface interaction. We recorded the terms used in the selected studies to describe their
objectives. The controversial use of terms produces a wide range of terms (see Fig. 4), but
“satisfaction,” “acceptance” and “engagement” are the three most common declared goals.

The trends in publications of studies regarding usability of games are shown in Fig. 5. The
interest in this topic remains on an upward trend. Regarding the type of publication, 45 % of
the articles studied were published in journals, and 55 % were published in conferences,
workshops, or symposiums.

With regard to the type of interface used to interact with the games, 42 % of studies
addressed very innovative designs, such as respiratory interfaces or interaction with the
physical space where the game is to be played. The results of the categorization of interfaces
are shown in Fig. 6. As said before, we included BCI interfaces when they are part of the game
and not the evaluation tools. To address controversial terminology when classifying virtual
reality solutions, we decided to divide games according to the manner by which they recognize
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the body of the player: through computer vision or using other sensors. We only considered
sensors to be used indoors and established a specific category of wearable interfaces when the
sensors are unplugged and able to be used outdoors. These last three categories (body
recognition by computer vision, body recognition by other sensors and body recognition by
wearable sensors) refer only to the way in which the gamer body is detected, and they do not
make any assumptions about the degree of immersion in the game. Augmented reality
interfaces were classified independently because their goal is recognition of the environment
rather than the gamer’s body. There is only one study of a game where environment
recognition is achieved through sensors. It is placed in the Interactive Space category.

Paying attention to the type of evaluation techniques applied in the different tests, we found
that only 9 % of the studies used some form of Inspection Methods; in more than half of these
cases (5 % of the total), they were complementary user tests that were carried out together and
described in the same article. Further, 13 % of the studies include more than one user-based

evaluation.

In the case of items including users tests, we can classify them according to the age of the
users taking part in the tests, as shown in Fig. 7. The category “students” covers a wide and
imprecise range of ages from preadolescents to university students including PhD students.
“Elderly” includes those papers declared to work with this population but age ranges vary
from different authors: 55, 60 or 65 are common low limits. “Others” includes analysis over
adults of different ages, professionals of any kind and heterogeneous groups of users.
However, it is also relevant to distinguish healthy users from users who are suffering from
an illness or impairment; the latter can especially interfere with or modify the way they interact

Fig. 4 Different aspects of
usability declared as goals of tests
with a frequency of appearance of
at least two in the review
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with the game. It is important to remember that, in this case, games are usually applied as a
therapeutic tool, and it is important that they perfectly meet gamers’ needs. Eighty-three
percent of studies analyzed were carried out on healthy users, and 17 % of studies involved
patients or a combination of users with different capabilities.

The recommended number of users involved in an evaluation is controversial in the
literature: according to some authors, it depends on the specific technique applied [101,
236]. As noted, we only included tests with five or more users given that the literature
considers this to be an adequate number of individuals to find usability bugs in an average
user interface [157, 177, 241]. However, for expert analysis, we did not establish any filter
regarding the number of experts running the test.

Given this filter, Fig. 8 shows the frequency histogram of the number of users who
participated in the tests in the relevant studies. It can be seen that the most common sets of
users include 10, 15 or 20 users. The same analysis of expert-based tests yields that the most
frequent numbers of experts involved in a given evaluation are three, four and five, as shown
in Fig. 9.
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Fig. 6 Innovative interfaces used in 42 % of the tests



Fig. 7 Classifications of users
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Additional information about the number of individuals involved in any type of test is
shown in Table 3.

Regarding information about individuals involved in the tests, 48 % of studies provide
information about gender and 61 % give information about the ages of the users; 91 % specify
the range of ages, and, simultaneously or not, 41 % provide the average age of users. Only 3 %
of studies specify that users where paid in any form.

Statistical analysis of the results is conducted in 14 % of the studies. These statistical validations
are especially prevalent when the objective of the study is to compare different interfaces.

With regard to the techniques applied, user-testing techniques are divided into those based
on playtesting (93 %) and those based on a post-use analysis of user satisfaction or perfor-
mance (7 %), with the main difference being the time taken by the user to explore the interface;
if the time exceeds a unique session, it is considered a test post-use and not a playtest. The
frequency histograms of techniques for both types of user evaluations are shown in Figs. 10
and 11, respectively. Note that these figures show the number of papers using these techniques,
which are applied either in isolation or combined into the different tests. In both cases it can be
seen that the most frequent technique applied is the completion of ad hoc questionnaires by the
users, followed by interviews, standard questionnaires, direct observation, logs or performance
measures, Think Aloud method [158], analysis of recorded sessions, adaptation of standard
questionnaires, Focus Group [156], SEEM (Structured Expert Evaluation Method) [11],
Heuristic Evaluation [154], Cognitive Walkthrough [246] and Wizard of Oz [20]. Among
standard questionnaires, the second most frequent technique, the most frequently used are
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System Usability Scale (SUS) [26] in 32% of cases, End-User Usability Questionnaire) [198]
in 5% of cases and the Nasa Task Load Index questionnaire (NASA-TLX) [95] in 7% of cases.

If we filter the results according to the area of study where the game is being evaluated, the
differences are not very relevant. In the Health domain, ad hoc questionnaires are also the most
frequent technique (42 %) followed by standard questionnaires (17 %) and interviews (10 %).
On the other hand, in the Learning domain ad hoc questionnaires are again the most frequent
technique (46 %), followed by observation (12,5 %), standard questionnaires (11 %) and
heuristic evaluation (11 %).

The equivalent analysis for experts shows that heuristic evaluation is the inspection method
more frequently used (see Fig. 12). Other methods such as Cognitive Walkthrough [246],
Focus Group [156] or PSSUQ (Post-Study System Usability Questionnaire) [134] are only
marginally used. Among the heuristic evaluations, the heuristic checklist by Nielsen [155] is
the most commonly used followed by Schneiderman’s proposal [211], Bastien and Scapin’s
[14], ad hoc checklists and Pierotti’s [170] (see Fig. 13). Note that Fig. 13 counts the number
of times a given heuristic test is used, even if it is applied several times in a single paper.

It is also interesting to analyze the evolution of the preferred techniques along the years.
Figure 14 shows the evolution of the six most frequent techniques in the last years. Again, the
use of ad hoc questionnaires is in good shape, with standard questionnaires being the second
most used in the last years. Observation was not unusual for a few years but it has not been
used recently.

Table 3 Summary of the number

of users and experts involved in the Expert tests
evaluations analyzed Mode
Minimum 2
Maximum 58
Median 5
Mean 8.3
User tests
Mode 10
Minimum 5%
®tests with fewer users were ex- Maximum 735
cluded from the analysis even if Median 19
they were realized as a comple- Mean 36.1

ment to other evaluations
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Fig. 10 Evaluation techniques applied in playtesting studies
5 Discussion

Returning to the research questions posed in Section 3 and based on the data collected from the
systematic review, we found a wide dispersion of responses.

Focusing on RQ1 —Which is the preferred approach when evaluating usability of games?—,
as thoroughly explained in Section 2, there are three potential approaches for evaluating the
usability of games: the direct application of traditional methodologies, the adaptation of them,
or the use of new proposals. According to the data collected from the systematic review, we
can conclude that traditional usability evaluation techniques are more prevalent when evalu-
ating games, not only regarding playtesting and related tools but also when using expert-based
tests.

Traditional evaluation techniques are preferred, even with 42 % of interfaces being very
innovative and defining new interactions with users (Fig. 6). Overall, 93 % of the tests were
developed with user-based testing or playtesting (equivalent terms in our terminology), and
data were collected in the majority of cases using traditional tools, such as questionnaires,
interviews, and observations (Figs. 10 and 11). Only in 9 % of evaluations was some form of
traditional expert-based test applied (Fig. 12). The marginal use of expert-based tests is likely
due to the recommendation of the application in the early phases of design and to the
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development of the majority of evaluations over completely functional prototypes or complet-
ed versions of the games. Avoiding expert-based tests removes an important tool in usability
assurance: they are a lower-cost method than user-based tests and facilitate the detection of the
majority of significant usability issues in every phase of software development [220]. It is
impossible to conclude whether the application of expert-based methods could have improved
the results of user-based game tests, but it could be a good hypothesis to evaluate in future
research.

However, a second approach was possible: adapting traditional methodologies to games.
This leads us to the sub-question of RQ1.1: Are task-driven techniques used for game
evaluation? Are they adapted in any way? In Section 2, some of the substantial differences
noted in the literature when comparing the evaluation of games with that of productivity
software were exposed. The first one addresses the task descriptions required in task-driven
methodologies. When this type of methodology is used in the set of articles studied in the
review, the tasks selected were very small and clear (such as “complete login” and “buy a new
item for the character”). These definitions are far from complex use cases and are described
step-by-step when applying these techniques to productivity software evaluations. However,
the majority of playtesting sessions were not task-driven, and exploratory navigation was the
preferred interaction in the studied articles.

Regarding to RQ1.2 —Is performance in games understood differently than in other
domains? Is the “error” concept redefined?—, 10 % of the playtesting sessions involved the
collection of logs or performance metrics. However, due to the reasons explained in Section 2,
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errors are redefined, and the performance of small tasks is measured to test the clarity of the
interface and the adequacy of the metaphors, but not to evaluate the ease of completion of
complex use cases as in productivity software. This type of metric is especially useful in tests
whose objective is to compare alternative interfaces.

Concerning RQ1.3 —Are specially avoided instructor’s interruptions during playtesting? Is
Think Aloud technique commonly applied?—, although the interruption of gamers when using
the game is avoided and interviews and questionnaires are posed when the playing phase is
ended, the Think Aloud Method is used in 5 % of cases, either in combination or not with
observation or recordings, among other activities. However, the convenience of using this
method is directly related to the type of users targeted, their cognitive capabilities and the
environment of the test.

With respect to RQ1.4 —Is satisfaction measured with special attention? Are new heuristic
guidelines used with this objective?—, the most prevalent method to measure the satisfaction of
users is the posing of questionnaires to the users after playtesting sessions. However, standard
questionnaires (the only ones statistically validated) were used in only 17 % of the cases,
compared with the 58 % of the playtesting sessions in which ad hoc questionnaires were used
(also 17 % of standard questionnaires compared with 58 % of ad hoc questionnaires in the case
of testing based on the use of games during a longer period of time). A summary of the
methods used is shown in Figs. 10 and 11. Ad hoc questionnaires prevail in all domains
(health, learning) and their use has not decreased in the last years, as shown in Fig. 14.



It seems that, despite their statistical validity, standard questionnaires are not capable of
capturing specific information of the game being tested, and researchers tend to add person-
alized questions about what they consider the most controversial aspects of their design. There
is a gap between the focus of standard tests and the information required in practice. This
results in the conclusions of studies being particular results and not generalizable because the
tools used are not statistically validated.

As exposed in Section 2, many new heuristic guidelines designed especially for games
attempt to cover aspects close to satisfaction. However, despite the relatively high number of
new heuristic checklists proposed for games [53, 65, 123, 172], traditional heuristics guide-
lines are preferred. In particular, the heuristic checklist by Nielsen [155] prevails over all other
checklists (Fig. 13).

The research question RQ2 —Which are the most remarkable characteristics of the tested
games and the testing environment in evaluation described in the literature?—, when applied
over the set of articles from the systematic review, draws very interesting conclusions. As
shown in Fig. 2, the areas most interested in usability of games are learning and health. The use
of serious games to improve learning effectiveness and therapeutic effect (the evaluation of
these impacts is usually developed in parallel with usability evaluations) is a matter of study
because the special characteristics of the targeted users need to be addressed. In the case of
learning, children are commonly the targeted users of games, and extracting information about
usability and satisfaction from them is challenging. Observation or interviews with their
teachers and families are usually applied as complement to the direct testing with children.
Simplification and adaptation of questionnaires is also needed when capturing information
from children.

In the case of serious games applied to health interventions, the typical users are people
with sensory impairments, children (as in the previous case) and elderly, with their own
specific constraints on sensory and cognitive capabilities. These special types of users also
make paying attention to usability particularly necessary.

Regarding the users involved in the tests of any types of games (Fig. 7), we can detect that
students are the most frequently recruited, either because they are the target users or because
they are more accessible in schools or universities.

As shown in Fig. 4, the most prevalent objective when evaluating games is to measure the
satisfaction, acceptance and engagement of users. Usually, this interest is caused by the known
improvement of the learning effectiveness and therapeutic effect when users are motivated.

As thoroughly explained, the number of users or experts involved in tests is a controversial
point in the literature [101, 157, 177, 236, 241]. In practice, there is a wide variability in the
number of individuals recruited for the tests, as shown in Figs. 8 and 9. However, the most
frequent values are coherent with the most cited recommendations in the literature. Future
studies about the effects of different numbers of individuals in tests could draw some
conclusions, but thus far only some approaches have been conducted.

6 Conclusions and future work

In summary, this paper presents a systematic review of the academic and scientific research
literature on usability evaluation methods in video games, with a particular focus on the so-
called “serious games”. Based on this review, we formulate some research questions and try to
answer them in section 5. With regard to some of the most controversial aspects of usability



evaluation, it is difficult to extract definite conclusions from the evaluations in the articles
studied: the number of individuals needed to be involved, the reliability or validity of new
methodologies, etcetera; nor about other questions, such as which demographic information is
necessary to capture from the population of the test (e.g., genre, range of age, average age) or if
statistical analysis is indispensable in proving the validity of results. However, this systematic
review illustrates the general status of current usability evaluations and the main trends in the
selection of methodologies and how are they applied. An in depth description or analysis of the
pros and cons of each of these methods is out of the scope of the paper but this view of the
current status of usability of games is a valuable foundation upon which to develop future
research not only on video games, but also on other interactive media. An exhaustive list of
references is available to future game developers and enables them to check what usability
evaluation methods have been used previously in literature and in what context, always with
the possibility of query the original sources.

As shown in Fig. 5, interest in usability of games grows on an upward trend. Despite the
lack of consensus in the use of terminology or the corpus of techniques to be used, the
application of games on health and learning areas leads to the need of an special attention on
usability. Our results show that the ad hoc questionnaires prevail in all areas (health, learning),
and this has not changed in the last years. There is not any standardized technique or
methodology being embraced by researchers. We believe that there is a need for a new
evaluation methodology that can capture the special features of usability of serious games
and can be accepted as a standard for the scientific community.

As mentioned in the Introduction, our main interest is in research in the academic
community, as Universities and other Academic Institutions are one of the main actors of
serious games research [224]. For this reason, our review uses scientific databases and
therefore some relevant contributions from the Industry may be missed. A new search from
industry/professional fora, conferences and reports should be made, and could also be the topic
for further work.

During the systematic review, we marked as not relevant to our research questions quite a few
new proposals, which likely try to advance the area of knowledge and improve the methodol-
ogies and tools. An interesting future work is to analyze these new proposals to determine why
their use is not popular in the literature. Additionally, we find indispensable a consensus on the
use of terms to form a solid base for future contributions to this area of knowledge.
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