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Abstract User experience in digital games can be influenced by many factors 
such as flow [Csikszentmihalyi (Flow: the psychology of optimal experience. 
Harper Collins, 1990), Sweetser and Wyeth (Computers in Entertainment 3(3):1– 
24, 2005)], immersion [Brown and Cairns (ACM Conference on Human Factors in 
Computing Systems, CHI 2004, ACM Press, 2004), Ermi and Mayra (Proceedings 
of Chancing Views – Worlds in Play. Digital Games Research Association’s Second 
International Conference, 2005)], frustration or tension [Gilleade and Dix (Proceed-
ings of the 2004 ACM SIGCHI International Conference on Advances in Computer 
Entertainment Technology – ACE ’04, 2004)], psychological absorption [Funk et al. 
(Proceedings of the Second International Conference on Entertainment Computing 
Pittsburgh, Carnegie Mellon University, 2003)], and social game context [Bracken 
et al. (Online video games and gamers’ sensations of spatial, social, and copresence. 
FuturePlay 2005, 2005)]. Most of these factors should be present in a digital 
game in order to provide the optimal gaming experience [Kirginas (Contemporary 
Educational Technology 14(2):ep351, 2022), Kirginas et al. (International Journal 
of Child-Computer Interaction 28, 2021), Kirginas and Gouscos (The International 
Journal of Serious Games 4:53–69, 2017; International Journal of Serious Games 
3:29–45, 2016)]. As there are many different game genres, sub-genres, and game 
types, user experience needs to be explored in more detail in research studies. 
This need is even greater when we talk about serious games. User experience is 
a multifactorial concept that is difficult to measure. This chapter aims to present 
a range of quantitative and qualitative/objective and subjective/short-term and 
long-term/formative and summative methods that can be used to evaluate users’ 
experience in serious games during and after the development process. It is also 
intended to provide insight into when the different user experience assessment 
methodologies should be employed in the development cycle. 
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2.1 Introduction 

Nowadays, digital games compete with traditional activities like reading books, 
watching movies, listening to music, surfing the Internet, or playing sports [1]. 
Digital games regularly attract billions of players online and offline, generating 
huge revenue. However, digital games also present new research challenges for 
many traditional and new scientific areas [1]. With recent advances in the field of 
human-computer interaction [2], new methods are available to precisely measure 
how people interact with entertainment technologies [3, 4]. With new evaluation 
methods of player interaction, we aim to support the traditional digital serious games 
development and improve game design process [5]. 

Game developers increasingly employ user testing with playability evaluation in 
the development of digital games [6–9]. Unlike other software, digital games often 
offer a unique experience that contains elements that are difficult to be evaluated. 
User experience in digital games can be influenced by many factors, such as flow 
[10, 11], immersion [12, 13], frustration or tension [14], psychological absorption 
[15], and social game context [16]. 

A component of a game design process is observation of players in response to 
mechanics. Since it is very time-consuming to gain such individual knowledge of 
game design, it is necessary to gain a more rapid understanding of the complex 
behavior of players in response to game mechanics. To gain a more complete 
view of user experience, several recent solutions have combined event logging 
with objective and subjective player feedback [3, 17]. Similarly, player behavior 
is modeled to find “optimal spots in the game and level design” [4]. 

This chapter aims (a) to present a range of quantitative and qualitative/objective 
and subjective/short-term and long-term/formative and summative methods that can 
be used to evaluate users’ experience in digital serious games during and after 
the development process and (b) to provide insight into when the different user 
experience evaluation methodologies should be employed in the development cycle. 

The structure of this chapter is as follows: First, we outline methods for 
evaluating the user experience of digital serious games based on the body of the 
literature. In the next section, we explain how users’ experiences are measured in 
digital serious games. Last but not least, we discuss when, how, and why to use 
all main methodologies proposed to measure the effectiveness of games in serious 
contexts.
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2.2 Defining User Experience 

According to Almeida et al. [18], experience is both the process and the outcome 
of a user’s engagement with the environment at a given moment. It is both an 
interactive (the process of playing the game) and an emotional (the consequence of 
playing) experience—a feeling (or combination of emotions) that occurs as a result 
of playing [19]. The interaction process is the way players interact when playing; 
it is how the player interacts with other playable and non-playable characters and 
objects in the game environment [20] and how they make decisions. The game 
limits this process, which is influenced by the players’ background, motivations, 
expectations, and current emotional experiences, which can change during the game 
[19]. Almeida [20] argues that in many cases, the emotional state of the players also 
influences the interaction processes: If they are anxious, they may be less attentive, 
which could affect their ability to play and win, while if they are relaxed, they could 
be in a flow state according to Csikszentmihalyi [10]. This is still a fairly open field 
in the game industry, as horror games, a prominent video game genre, is dedicated 
to keeping players in flow through anxiety or fear. 

This approach has an impact on the outcome of the game. If the emotional 
experience is positive, games can trigger positive emotions (e.g., satisfaction, 
happiness, and excitement); if the emotional experience is unpleasant, games can 
trigger negative emotions (anger, sadness, boredom). Positive or negative effects can 
influence the interaction process by changing players’ motivations and engagement 
[19, 21, 22]. This bidirectional interaction can explain why players can sometimes 
experience both pleasure and frustration during the course of a game [20]. 

According to Roto [23], there are three phases of the game experience: (a) 
the expected game experience (before a player interacts with a game), (b) the 
game experience during interaction (experience that occurs while interacting with 
the game), and (c) the overall player experience (experience that occurs while 
interacting with the game) (experience after the game ends). The player experience 
during interaction is the most important of the three phases of player experience 
mentioned above. Examining the player experience during interaction is critical to 
improving a game, as this phase can identify features and components that provide a 
positive experience as well as those that do not. According to Lallemand [24], three 
factors should be considered in order to understand the game experience during the 
interaction phase: the human aspect (dispositions, expectations, needs, motivation, 
mood, etc.), the system aspect (e.g., complexity, purpose, usability, functionality, 
etc.), and the contextual aspect (or environment) in which the interaction takes place 
(e.g., organizational/social environment, meaningfulness of the activity, voluntari-
ness of use, etc.).
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2.3 Methods to Evaluate UX in Serious Games 

While game developers should construct games that are rewarding, entertaining, and 
appealing to consumers in order to enhance game reviews and sales, designing and 
developing digital games is a demanding and difficult process [25]. Therefore, it 
is important to understand how different players behave and interact with games. 
Understanding target players and their game experiences during game development 
is critical to create a better user experience and perhaps improve game ratings and 
financial success. 

A survey by the Entertainment Software Association (ESA) found that digital 
games have become an important part of the games industry in recent decades. 
Due to a number of variables such as rapidly growing market, broader player 
demographics, and unique controller interfaces and platforms, digital games are an 
important area of research [25]. 

Consequently, the opportunity is broader; however, a deeper understanding of 
player demographics and platforms is required to address this market. According to 
Mirza-Babaei [25], stereotypes of the single player (e.g., the image of a teenager 
addicted to digital games) are generally disappearing in the industry in favor 
of a new image of multiple players playing simultaneously on multiple devices. 
In modern digital games, there are different types of interaction that offer more 
opportunities for player interaction. 

Through the growing field of games user research (GUR), developers are evaluat-
ing their games for usability and user experience to improve the gaming experience. 
Games user research borrows user research techniques from human-computer 
interaction (HCI) and psychology, such as behavioral observation, interviews, 
questionnaires, and heuristic evaluation. Despite advances in applying user research 
methods to understand the usability of productivity applications, researchers and 
practitioners still face challenges in applying these methods to digital games. Digital 
games have unique characteristics that prevent the application of most conventional 
user research methods to the evaluation of the game experience [25]. 

As a result, user research methodological approaches have been modified and 
improved to better meet the goals of game development. These methods aim to 
provide players with a combination of qualitative and quantitative/objective and 
subjective/formative and summative/short-term and long-term methods to choose 
from depending on their research context and the needs of their participants. One of 
the main issues facing user experience and game usability evaluation is determining 
the optimal combination of different methods and combining the data from each 
method into a relevant report for game developers.
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2.4 Analysis of Methodologies 

Users’ experiences in digital games can be measured and evaluated using different 
methods. These methods are classified in various ways in the following sections. 

2.4.1 Quantitative vs Qualitative Assessment 

Qualitative methods are used to explore and understand players’ perceptions and 
interactions. Users’ experiences are usually recorded in non-numerical data. In 
contrast, quantitative methods use numerical data [26]. Quantitative approaches 
show levels of engagement and interest by providing statistics, while qualitative 
approaches capture players’ experiences during play. There are times when players 
lack emotional expression and do not speak freely when evaluating verbally or 
nonverbally. It is difficult for players to concentrate and talk about their experiences 
at the same time while playing a game. When evaluating a project, both methods 
should be used to achieve objective and comprehensive results. 

In any research, researchers have to make a primary but basic methodological 
choice between the quantitative and the qualitative approach (or their combination) 
to investigate their topic. With the quantitative approach, they can find out “what 
happens,” while with the qualitative approach, they investigate “why it happens.” 
The aim of qualitative research is to “discover the views of the research population 
by focusing on the perspectives from which individuals experience and feel 
about events” [27]. In summary, qualitative assessment involves categorizing and 
evaluating qualitative data to help researchers analyze and interpret game events, 
user behavior, and player experiences. Collecting qualitative data can lead us down 
such paths, whereas collecting quantitative data cannot, especially when it comes to 
user experience. 

2.4.2 Subjective vs Objective Assessment 

Instruments for measuring players experience fall into two categories depending on 
their reliability: objective and subjective. 

Objective assessment instruments provide accurate data that are objective and 
free from any subjective judgment of the participants because they are accurately 
recorded by machines [28]. Objective data are recorded automatically and continu-
ously without disturbing the participants or interfering them. 

In contrast, subjective instruments, are not precisely because they are com-
pleted by the users themselves, contain subjectivity, so they have lower reliability 
compared to objective instruments. An objective assessment tool measures the 
expressive or psychophysiological aspect of the user’s experience using facial
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expressions and collected psychophysiological data, while a subjective tool assesses 
the subjective feeling of the user’s experience using self-reports, rating scales, and 
verbal protocols. 

2.4.3 Short-Term vs Long-Term Assessment 

In the early stages of game development, measuring users’ initial and momentary 
experiences is important to obtain feedback [29]. It is also known that users’ 
experiences change over time [30]. Therefore, it is necessary to use instruments 
that measure the experience over time to get more reliable information about game 
playability. In this way, a game developer can gain insight into how a player interacts 
with their game. Currently, user experience research mostly focuses on short-term 
evaluations. However, the relationship between a user and a game evolves over time, 
so long-term user evaluation is critical to a game’s success. 

These different categorizations are important because the reasons we want to 
measure user experience may vary from research to research. In some cases, we 
may want to measure qualitative attributes derived from the player’s experience, 
while in other cases, we may want to measure quantitative attributes. Similarly, we 
may want to measure the player experience at a particular point in the game, such as 
when the player wins a significant player, or we may want to assess it over a longer 
period of time. 

2.4.4 Formative vs Summative Evaluation 

There are two types of evaluation in user experience, formative and summative. 
Which type of evaluation we should use depends on where we are in the process of 
developing a digital game. 

Formative evaluations focus on identifying aspects of the design that work well 
or not well and why. These evaluations are conducted during the redesign of a game 
and provide information to gradually improve the game. Considering the case of 
designing a new digital game for mobile phones, as part of the design process, a 
prototype is created for this game and tested with (usually a few) users to see how 
easy it is to use and how players experience it. The research may reveal several 
weaknesses in the prototype, which are then addressed with a new design. This 
research is an example of a formative evaluation—it helps the designers determine 
what needs to be changed to improve the game. Formative evaluations involve 
testing and modifying the game, usually many times, and are therefore appropriate 
when developing a new game or redesigning an existing game. In both cases, 
the prototyping and testing steps are repeated until the game is ready for mass 
production [31].



2 User Experience Evaluation Methods for Games in Serious Contexts 25

Summative evaluation describes how well a game performs, often compared to a 
benchmark, such as a previous version of the game or a competitive game. Unlike 
formative evaluations, whose goals are to inform the design process, summative 
evaluations involve getting the big picture and evaluating the overall experience of 
a completed game. Summative evaluations are done less frequently than formative 
evaluations, usually immediately before or immediately after a redesign. Assume 
the redesign of the mobile phone game is complete, and now it is time to evaluate 
how well it performs compared to the previous version of the game. After the data 
from the survey is collected, it is then compared to the data obtained from the 
previous version of the game to see if there has been any improvement. This type of 
survey is a summative evaluation as it evaluates the product shipped with the goal of 
tracking performance over time and ultimately calculating our return on investment. 
However, during this study, we may uncover some usability issues. These issues 
should be noted and addressed during the next game design. Alternatively, another 
type of summative evaluations could compare results to those obtained from one 
or more competitive games or to known data across the gaming industry. All 
summary ratings give an overview of a game’s usability. They are meant to serve as 
benchmarks so we can determine whether our own games have been improved over 
time. The final summative evaluation is the go/no-go decision on whether to release 
a product [31]. 

2.5 Overview of the Main Methodologies 

There are a variety of tools and methods to uncover the quality of the experience 
generated by a game, either to improve it or to use the game for the purposes of 
education, training, awareness raising, and behavior change of subjects. Table 2.1 
summarizes all UX assessment methods together with their assignment to one or 
more of the categories mentioned above. 

2.5.1 Think-Aloud Protocol 

The think-aloud protocol is a qualitative method of collecting data in which players 
describe their playing experiences to an expert facilitator. The facilitator pays 
attention to both verbal and nonverbal (e.g., behaviors, body language) players’ 
responses to gain insights into the player experience [32]. Think-aloud protocol 
asks participants to spontaneously report any thoughts they have while they interact 
with a game without interpreting or analyzing what they have thought about 
[33]. The think-aloud protocol consists of two components: (a) the technique for 
collecting verbal data (think-aloud interview) and (b) the technique for predicting 
and analyzing verbal data (protocol analysis). The method is useful for researchers 
interested in observing, exploring, and understanding the thoughts and opinions of
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players, which can be a challenging endeavor [34, 35]. Depending on the interaction 
with the game, it can generate reports during the interaction or afterward [36]. 

In order to implement the think-aloud protocol, the following steps are taken: (a) 
users are assigned tasks, (b) users are asked to speak aloud their thoughts during the 
performance of the tasks, (c) users’ thoughts are recorded as they are performing 
the tasks, and (d) the material is analyzed and commented on by the researcher(s). 
Based on Avouris [37], the think-aloud protocol can be divided into the following 
variations: (a) critical response protocols, in which the user is required to speak 
aloud only during a predetermined task, and (b) periodic report protocols, in which 
the user explains his/her thoughts only after completing a particular task so that the 
task is not disturbed. 

The advantage of think-aloud protocol is that researchers are able to identify 
players’ main misconceptions, since it allows them to understand how players view 
a game. Think aloud also enables them to obtain a rapid and high-quality response 
from a small number of participants [38]. A number of researchers have criticized 
the method for disrupting user concentration [39] and claiming that self-observation 
would interfere with thought process and, as a result, wouldn’t show real thought 
processes [33]. 

2.5.2 Expert Evaluation 

Expert evaluation refers to an overview of the game conducted by an expert or a 
team of experts. It is a formative or summative evaluation conducted by designers 
and user experience experts to identify potential problems and improve the design 
[40]. Expert evaluation can be conducted for an existing game to identify problems 
that can be fixed by redesigning the game. Expert evaluation of games under 
development can identify new problems before a prototype is created. Klas [41] 
describes two types of expert evaluation: In the first, the experts themselves act 
as evaluators, conduct the evaluation, and report on the results. In the second, the 
evaluators supervise the experts, lead the evaluation, and assess their performance. 
In comparison, expert evaluations provide quick and cost-effective results, in 
contrast to more expensive types of qualitative user studies, such as playtesting, 
which require more evaluators for a representative result [41]. 

In addition, expert evaluation can be used at different stages of the development 
process to identify usability issues early in the process [40]. Expert evaluation can 
be made more efficient through the use of heuristic analysis. A heuristic is a set 
of guidelines that help ensure design is consistent with best practices within an 
industry, and it is often used by researchers to support their evaluations [42]. The 
evaluators then come together to produce the results report. 

Typical findings include: 

(a) Which features of the game may cause usability problems and need to be 
improved
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(b) Which features are likely to be successful and should be retained 
(c) Which features should be tested with real players 

2.5.3 Cognitive Walk-Through (CW) 

Cognitive walk-through (CW) is a user interface design method that allows design-
ers to model how a particular type of user will understand a user interface through 
exploration [43, 44] and to evaluate the learnability of a digital serious game [45]. 
It is an expert-based evaluation method that is therefore relatively inexpensive to 
implement and can be used to identify usability issues in a system effortlessly, 
quickly and economically [46]. As in expert evaluation, a team of reviewers walks 
through a task and evaluates the interface from a new user’s perspective. As our 
main interest is in serious games, we propose that the cognitive walk-through is an 
appropriate and effective method to evaluate the learning potential of serious games, 
as both the design and evaluation practices of serious games can benefit from the 
cognitive walk-through method. 

A cognitive walk-through cannot be conducted until the design of the game, 
the task scenario, the user assumptions, the scope of the game, and the sequence 
of actions that players must perform to successfully complete a given task are 
accurately described [43, 46]. Then, an evaluator or group of evaluators (2–6 expert 
evaluators) simulates a series of cognitive processes that users go through when 
completing a set of tasks. By understanding the behavior of the interface and its 
influence on players, evaluators are able to choose actions that are difficult for 
ordinary players. It would therefore be useful to use this evaluation method in the 
early stages of system development to ensure that users’ needs are met. 

2.5.4 Playtesting 

The term playtesting refers to the use of traditional user testing methods for games 
[47]. The game design literature argues that playtesting is the most popular and 
most important method for game developers to evaluate their game designs. It is 
important for game developers to use playtesters to give feedback on unintended 
challenges in their games, to collect data on the way players prioritize tasks and 
goals, and to understand how players understand the mechanics of the game [31]. 
During playtesting, testers who have characteristics similar to those of the expected 
end users (e.g., age, education level, professional similarities, gaming experience) 
test the first and subsequent versions of a game and provide feedback to the game 
developers, which is then incorporated into the game design [48]. 

Playtesting can be formal (or open), informal (or closed), or beta. Formal 
playtesting can be conducted with non-design group members according to Korho-
nen [49]. Participants are usually required to fill out a questionnaire or provide
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contact information in order to be considered for participation. Several members 
of the design group can conduct informal playtesting. Finally, beta playtesting 
relates to the final phases of testing, before releasing a product to the public, and is 
sometimes conducted semi-formally with a limited version of the game to identify 
any last-minute issues. 

2.5.5 Interviews 

Interviews are an essential element of a qualitative evaluation session with users 
[50]. They provide one of the few ways of validating observations, discovering 
issues, gathering opinions, and determining the sources of challenges encountered 
by players [50]. Interviews can be used with other methodologies to enhance the 
gathered data and give a holistic perspective of the user’s attitudes and emotions, 
and they are an essential element in identifying and understanding usability issues 
and obstacles in the player’s experience [51]. Therefore, interviews seem to be the 
right choice for specific study aims and knowledge [52]. Nacke et al., for example, 
suggest using interviews to measure the PX and capture the context and social 
influences on the individual player’s experience with serious games [5]. 

2.5.6 Focus Groups 

Focus groups are a form of qualitative and subjective research. In a focus group, a 
group of people gather in a room to discuss a topic under guidance. It is a semi-
structured interview process in which a small group of people, usually six or eight, 
discuss a specific study topic [19]. Krueger and Casey [53] describe the focus group 
method as a means of obtaining perceptions about a particular area of interest in 
a permissive, non-threatening environment (p. 5). To obtain qualitative data about 
the research topic, the moderator steers the discussion more or less according to its 
structure. Take a research project on user experience with a digital game. A more 
in-depth interview with the players might be necessary, but before we do that, we 
want to see what kinds of questions work and whether the players might raise issues 
we are not considering so that we can include them in our questions. 

In a focus group, participants are selected based on their relevance and rela-
tionship to the topic. Therefore, they are not considered statistically representative 
of a significant population because they are not selected using strict probability 
sampling methods. Instead, participants are selected through random sampling, 
advertising, or snowballing, depending on the type of person and the characteristics 
the researcher wants to consider. There are several advantages of focus groups: It 
is a socially oriented research method that collects real-life data in a social setting, 
is flexible, has high validity, provides rapid results, and costs nothing to conduct. 
There are also some disadvantages of focus groups: the researchers have less control
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than with individual interviews, the data can sometimes be difficult to analyze, the 
moderators need certain skills, and the discussion needs to take place in a conducive 
environment. 

2.5.7 Observation 

Observation is a deeply qualitative research methodology that can be integrated into 
a variety of qualitative and quantitative research projects. Researchers can gain a 
great deal of data and information from their observations by watching users engage 
in a particular activity and then analyzing it. When observation is combined with 
other methods and techniques, it is possible to gather valuable data to interpret the 
topic the researcher is exploring. 

The researcher must have specific skills, and the observation procedure involves 
some methodological risks, especially in terms of its validity and reliability, as the 
question of objectivity and impartiality is always present. Therefore, it is usually 
better for inexperienced researchers to combine this technique with another one, 
such as an interview, in order to collect all the data needed, to shed light on certain 
aspects of the study or to triangulate the information. 

2.5.8 Surveys 

Surveys may be used in research to examine player-game interactions and, depend-
ing on the results, improve the gaming experience [54]. The goal of surveys is to 
collect data on a subset of the population being studied by the researcher [55]. The 
survey results can then be extrapolated to the full population. Surveys are a quick, 
simple, and low-cost technique to collect a big amount of data that tells more about 
the subjective experience of playing a game [54, 56]. This may give the impression 
that creating a survey is simple, yet seemingly slight oversights can dramatically 
restrict the utility of your survey data. 

Surveys can help researchers collect objective and subjective data. Objective 
data are directly observable and can be verified by others, such as demographic 
characteristics and the number of hours spent playing games. In contrast, subjec-
tive data are not objectively verifiable, such as attitudes and emotions. Overall, 
surveys can be used to assess player attitudes and experiences, motives, player 
characteristics, differences between groups of players, or different iterations of 
a design [54]. Their advantages include ease of use, use in many situations, 
minimal cost, access to large population, absence of interviewer bias, and fast 
transmission/response times [54, 56]. Surveys become even more effective when 
combined with other methods [54]. For example, while game analytics may indicate 
that players are more likely to succeed in a game, survey data may show that players 
were less challenged and bored [57]. In addition, survey data can be combined
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with physiological measures, such as facial recognition and electrodermal activity 
measurements [21]. Researchers can create their own questionnaires to measure 
outcomes or use existing, validated questionnaires to compare the results of their 
own studies with those of other studies. 

Below are some of the most commonly used questionnaires: 

2.5.8.1 The Player Experience of Need Satisfaction 

According to Rigby and Ryan [58], people have three universal needs: competence 
(perception of a challenge), autonomy (voluntary aspects of an activity), and related-
ness (connection to others). These are the main components of what we call Player 
Experience of Need Satisfaction (PENS) method. The PENS evaluation includes 
two additional factors, presence (the experience of being in the game world) and 
intuitive control, both of which are considered key features of games [59]. Using 
7-point Likert scales, the PENS assesses these needs as well as the additional 
factors. When games meet these motivational criteria, the game experience and 
game success improve significantly. The PENS method is methodologically easy to 
apply as it successfully targets specific experiences related to need satisfaction and 
provides practically rapid feedback. These measurements can be easily applied to 
specific design or game concepts as well as to games that already have established. 

2.5.8.2 Challenge Originating from Recent Gameplay Interaction Scale 

The challenge originating from recent gameplay interaction scale (CORGIS) is a 
psychometric instrument developed by Denisova et al. [60]. This instrument is used 
to assess perceived challenge in digital games. The questionnaire assesses four types 
of perceived challenge in games: 

Cognitive challenge: it stems from the need to plan ahead, memorize, exert effort, 
prepare, and multitask. 

Performative challenge: it arises from the fact that the game requires the player to 
act quickly and accurately. 

Emotional challenge: it arises from the emotions evoked in the player, which can 
also affect the things he thinks about outside the game. 

Decision-making challenge: it arises from having to make decisions that are difficult 
or can lead to unfortunate outcomes. 

2.5.9 Immersive Experience Questionnaire 

Jennett et al. [61] developed the Immersion Experience Questionnaire (IEQ) to 
measure the level of immersion of players. It measures the user experience using a 5-
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point Likert scale but focuses primarily on the concept of immersion. The IEQ uses 
positively and negatively worded questions. For every positively worded question, 
there is a negatively worded question, which adds accuracy to the questionnaire. The 
total score is the sum of the scores of the positively and negatively worded questions. 
When the IEQ was developed, it was assumed that immersion was based on five 
components. In practice, however, immersion is considered as a single dimension, 
with the components influencing the interpretation of the results. 

2.5.9.1 Sensual Evaluation Instrument 

The sensual evaluation instrument (SEI) was developed by Isbister et al. [62]. This 
is a nonverbal, body-based tool that can be used to capture shared responses more 
directly, saving designers time and energy and in turn increasing the likelihood that 
users will engage early in the design process. The SEI consists of eight sculptural 
objects that represent the range of emotions one would expect to experience 
when interacting with a digital game. The objects are not one-to-one with specific 
emotions. Rather, they are meant to serve as a starting point so that everyone can 
develop their own expressive taxonomy of the objects. People share their feelings 
as they engage in the experience. They arrange the objects as they wish or show in 
some way that they feel comfortable with the object or objects that correspond to 
their current feelings. In the end, the researcher watching the video in conjunction 
with SEI can better understand how the player felt during the game [63]. 

2.5.9.2 Game Experience Questionnaire 

It is a tool designed specifically for young children (8–12 years old) to assess 
their gaming experiences. The game experience questionnaire (GEQ) [64] assesses 
seven different dimensions of gaming experience (immersion, flow, effectiveness, 
intensity, challenge, positive emotion, negative emotion) Each of the seven dimen-
sions is distinguished into five sub-themes rated on a 5-point Likert scale. The 
game experience questionnaire is divided into three separate modules, each of 
which deals with a different experience: (1) core module, which evaluates the 
user’s experience while playing the game; (2) social presence module, which 
evaluates the user experience while playing a game with others; and (3) post-game 
module, which evaluates the user’s experience after completing the game. It has 
the advantage of measuring different aspects of the game experience (immersion, 
flow, effectiveness, intensity, challenge, positive emotions, and negative emotions), 
assessing the experience during and after the game, and assessing social presence 
as well. As it covers such a large area, it can be difficult to complete by all the 
researchers, so many researchers only use some of the modules.
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2.5.10 Psychophysiological Measurements 

Quantitative and qualitative researches both use psychophysiological measurements 
to assess users’ experiences. As users’ experiences during gameplay can have 
a significant impact on the playability of digital games, physiological data can 
be very useful to assess players’ emotional state and performance, especially 
when correlated with subjective measurements [21]. So far, results have only been 
reported for first-person shooters games [65, 66]. The question arises whether 
physiological and subjective measurements might prove equally reliable for other 
types of digital games. The main methods for assessing user experience using 
physiological methods are as follows: 

Electrodermal activity (EDA): perhaps the most commonly used physiological 
measurement. It is often referred to in the literature as galvanic skin response or 
skin conductance. Sweat gland secretions during play are indicators of positive 
arousal and mental activity [67, 68]. 

Cardiovascular activity measurement: an important physiological measure of human 
activity. Cardiovascular activity measures heart rate and heart rate variability [69, 
70]. 

Electromyography (EMG): provides measurements of the electrical muscles. When 
a person is excessively anxious, skeletal movements are observed as a sign of 
involuntary muscle contractions during intense mental activity, intense emotions, 
and cognitive stress [46, 71, 72]. 

Facial expression: analyses human facial expressions during activity and measures 
basic human emotional states such as happiness, sadness, anger, surprise, disgust, 
etc. [73]. 

Electroencephalography (EEG) is performed with special electrodes that are 
attached to the participant’s head during the test. Brain activity is then measured 
using frequency wave patterns that represent different mental activities [74, 75]. 
Since electrodes are used in electroencephalography, it is purely a laboratory 
measurement. 

2.5.10.1 Biofeedback Measuring Device 

The biofeedback measuring device is a device designed and built in the Laboratory 
of New technologies of the Department of Communication and Media Studies, 
University of Athens. This device consists of a sensor part housed on a typical 
computer mouse, an analogue electronic circuit that transmits the processed signal 
to a typical home computer, and finally a software component that converts the 
measurements into a suitable format. The STC is seamlessly detected by the contact 
of the thumb and ring finger with the Al-Si ring sensors, located on the left and right 
sides of the computer mouse, respectively (Fig. 2.1).
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Fig. 2.1 The biofeedback measuring device 

Heart rate is also detected by reflective near-infrared sensors in the center of the 
ring sensors (Fig. 2.1), based on the principle of reflective absorption that occurs 
during changes in skin coloration caused by the pulsation of blood in the tissue. 

2.5.10.2 FaceReader 

A software application called FaceReader was developed by Noldus Informa-
tion Technology. The FaceReader software uses algorithms to rate facial images 
according to seven basic emotional states—happy, sad, angry, surprised, scared, 
disgusted, and “neutral emotional state.” These seven emotions are rated from 0 
(not at all) to 100 (perfect match). FaceReader “is an effective tool for measuring 
emotional experience during human-computer interaction, as it strongly suggests 
that more effective and well-designed systems elicit more positive emotions and 
fewer arousing falls than less effective applications” [21]. 

2.5.10.3 Self-Assessment Methods 

Self-assessment methods are subjective, most often quantitative, and either short or 
long term. They provide players with the ability to self-evaluate or make judgments 
about their experience and the games they play based on specific self-assessment 
tools. Their great advantages are ease of use and the use in many situations. 
However, their disadvantage lies in the subjectivity of the judgments, which can 
be affected by a number of factors, including bias, differences in age and gender, 
economic and social status, and past experiences, among others.
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2.5.10.4 Fun Toolkit 

The Fun Toolkit was developed by Read and MacFarlane [76]. It consists of three 
separate questionnaires: 

(a) Smileyometer: It is a measurement scale based on a 5-point Likert scale, 
with ratings from 1 “Poor” to 5 “Excellent.” The Smileyometer can be used 
both before and after the child’s experience with a digital application, be it 
an educational software or a website or a digital game. By using it before 
engaging with the application, we can gather information about the children’s 
expectations from the game. Using it latter, we can collect information about 
the fun of the game or the emotional experience of the players. 

(b) Fun sorter table: A fun sorter table generally compares a set of products, 
whether they are educational software or digital games, as in our case. For a 
survey on children’s ratings of digital games, children compare and rank them 
from best to worst or from easiest to hardest or from what they intend to play 
again to what they intend to play less. 

(c) Again and again table: The questionnaire consists of a table in which children 
mark whether they experienced each activity with a “Yes,” “Maybe,” or “No.” 
The idea for this tool comes from the field of psychology where it is argued that 
we are more likely to return to an activity we liked again and again if we like it. 
In the present study, children were asked, “Would you like to play with the toy 
again?”, and they had to answer accordingly. 

2.5.10.5 Self-Assessment Manikin (SAM) 

The Self-Assessment Manikin (SAM) is a system for evaluating three dimensions 
of gaming experience: valence, arousal, and dominance [77]. It uses three pictorial 
scales, illustrating cartoon creatures. All three scales are 9-point and take values 
from 1 to 9, with 5 representing the middle of the scale. Although it is stated 
that it is a weighted method, there are insufficient studies that support this claim. 
Its advantages include ease of completion and its ability to be used in different 
circumstances. The disadvantages are what all objective assessment tools suffer 
from: objectivity of judgment and difficulty in matching experience with graphic. 

2.5.10.6 UX Curve 

The UX Curve is a tool for retrospectively evaluating user experiences. There is a 
timeline and a horizontal area in which the user can graph his positive and negative 
experiences. The advantage of UX Curve is that it allows the user to design the 
most immersive game experience. Nevertheless, its disadvantage is that it relies on 
retrospective memory from the game rather than reality for its completion [78].
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2.5.10.7 MemoLine 

The MemoLine is actually a timeline that can be used for retrospective evaluations. 
There are as many frames as there are time periods in which the user plays a game. 
As the tool is intended for children, the experiences they have are represented 
by three different colors: green represents positive experiences, red represents 
negative experiences, and gray represents times when the game is not played, 
e.g., weekends. Users are given questionnaires for each of these game scenarios: 
usability, challenge, quantity, and general impression [79]. 

The above questionnaires are certainly not the only ones. There are a large 
number of other relative questionnaires such as Emo-watch, EGameFlow, Game-
ful Experience Questionnaire, Model for the Evaluation of Educational Games 
(MEEGA+), Game User Experience Satisfaction Scale (GUESS), iScale CORPUS 
(Change Oriented analysis of the Relationship between Product and USer), and 
many others. 

2.6 Discussion 

The aim of this chapter is to provide an overview of evaluation methods to game 
developers and researchers whose research interests are related to digital serious 
games. This process is extremely important, considering that serious games differ 
from games whose goal is to entertain players, rather than teach or train them. It 
is also very important not only to describe these methods but also to highlight the 
advantages and disadvantages of each method, as well as to explain when, how, 
and why it makes sense to use each of these evaluation instruments. As it has 
been discussed in this chapter, the tools for evaluating player experience can be 
divided into four groups: objective-subjective, quantitative-qualitative, formative-
summative, and short term-long term. 

Beginning with the objective and subjective instruments for evaluating players’ 
experiences, things are plain. Objective evaluation instruments provide objective 
data, free from any subjective judgment. Data are accurately recorded by machines 
and software, without disturbing or interfering participants. In contrast, subjective 
instruments are not accurate, as they are completed by the users themselves and 
therefore have lower reliability than objective instruments. Each of these evaluation 
methods has its own advantages and disadvantages. On the one hand, objective 
evaluation provides reliable results but is difficult to be applied as it requires 
expensive equipment and is a purely laboratory procedure. In contrast, subjective 
evaluation is easier to be applied, since it only requires finding suitable subjects, 
whether they are players or experts, but the data collected is less reliable due to 
the subjectivity of the participants. An evaluation system that uses both objective 
(e.g., a skin conductance measurement) and subjective methods (e.g., a self-
reported questionnaire) to evaluate players’ experiences is proposed to overcome 
the disadvantages and benefit from both forms of evaluation. Therefore, researchers
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are able to collect data that is free of users’ biases, while at the same time they can 
interpret it based on users’ perceptions and opinions. 

A lot of information can be gained from both formative and summative eval-
uation, which can be used by developers to improve their games. In formative 
evaluation, developers and experts or players have a dialogue about game play, 
which helps gather information for game design. An evaluation of this kind 
identifies what aspects of the design work well and what aspects don’t. As a game is 
being redesigned, these evaluations provide information that can be used to improve 
the game gradually. As opposed to formative evaluation, summative evaluation 
discusses how well a game performs, usually in comparison with a benchmark, 
such as a previous version or a competitive game. A summative evaluation takes a 
step back from formative evaluations, which aim to inform the design process, and 
instead looks at the big picture and evaluates the overall experience. In most cases, 
summative evaluations are conducted just before or just after a redesign, and they 
are less frequent than formative evaluations. A developer can thus use formative or 
summative evaluation based on what they want to measure and the stage at which it 
is being developed. Formative and summative evaluations can be implemented with 
most of the tools described and suggested in this chapter, and the development team 
can decide which types to use. As a general rule, formative evaluations produce 
qualitative data, and summative evaluations produce quantitative data. To conduct a 
formative evaluation, developers should rely on instruments such as a think-aloud 
protocol, cognitive walk-throughs, observation, focus groups, interviews, etc. To 
conduct a summative evaluation, developers should rely on instruments such as 
psychophysiological and self-assessment measurements. 

Serious game evaluation is essential for any developer, as it is an important 
function at every stage of game development. A comprehensive evaluation of 
players’ experience is beneficial to a developer in many ways. It is a well-known 
method to assess the strengths and weaknesses of the game experience, which 
further serves as a basis for working and improving the overall game experience. 
Usually, the evaluation is done at the end when the game is ready for use. 
However, some developers also evaluate player experiences in the short term (during 
development). This has its own advantages, because if the game development is not 
going in the desired direction, the developer can correct it, instead of waiting for the 
end of the development and then making corrections. 

Lastly, qualitative methods provide statistics about player engagement and 
interest, while quantitative approaches help developers and researchers study 
players’ perceptions and interactions. The researcher must choose a methodological 
approach (or a combination of both) when researching any topic (either quantitative 
or qualitative). In a quantitative approach, developers discover “what happens,” 
while in a qualitative approach, they discover “why it happens.” In summary, qual-
itative assessment involves categorizing and evaluating qualitative data to help us 
analyze and interpret game events, user behavior, and player experiences. Collecting 
qualitative data can lead us down such paths, whereas collecting quantitative data 
cannot, especially when it comes to user experience.
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2.7 Conclusions 

This chapter is intended to serve as a guide for serious game developers and 
researchers who wish to evaluate existing games, to improve the players’ experience 
and reach an optimal level. A player experience evaluation should record and 
interpret players’ experiences of interacting with a digital game, and it is important 
that these records are accurate and reliable in order to produce meaningful and 
useful results. It is also important that an evaluation can identify the situations 
and factors that impact the player experience and make it more or less positive. 
In this case, we can make the necessary adjustments and changes to improve the 
player experience. According to what has been discussed in this chapter, the tools 
for evaluating the player experience can be divided into four groups: objective-
subjective, quantitative-qualitative, formative-summative, and short term-long term. 

Since the game experience is multidimensional and difficult to measure, it is 
important to use methods with different characteristics. Measurement and evaluation 
of player experience should be done using instruments derived from different 
methods, e.g., quantitative instruments and qualitative evaluation instruments or 
objective instruments and qualitative evaluation instruments. It is possible to 
negatively impact our evaluation efforts if we only use instruments from a single 
methodology. 

Last but not least, the methodology we use to evaluate the user experience is 
crucial for understanding and interpreting the experience of playing a digital serious 
game. Future research should evaluate digital games using different evaluation 
methods and instruments. These studies should ultimately aim to find the most 
effective combination of tools and methods to measure the potential of a game. 
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