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Abstract
In every digital game, players both act in and interact with the game. They use the
options of game mechanics to achieve goals. For example, players move a
controller to steer the motions of an avatar, or they press buttons to trigger certain
actions. These actions and interactions lead to certain results like a successful
finish of a quest, solving a problem, or increasing a score. Both the quality and
results of actions and interactions are subsumed under the term performance.
Assessment of player performance is required for several purposes, for example
for in-game or online adaptation and for offline evaluation. This chapter addresses
the issue of performance assessment in serious games. Performance is a complex
concept comprising results and processes of actions and interactions of the
players in and with the game. First, generic and domain-specific models of
performance are introduced to illustrate the variety of approaches. Based on this
knowledge, online and offline assessments of performance are discussed. Finally,
the integration of online and offline performance assessment into the process of
game adaptation is described.

10.1 Introduction

Imagine playing an educational serious game in physics where you try to solve
tasks according to various quests. You take action and realize that you are unable to
solve the tasks. Even worse, you do not get any hints or instructions to guide you to
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the solution. As a consequence, you feel angry or even disappointed. Further,
imagine making progress in the game (after spending a long, hard time gaming).
With increasing expertise, the tasks offered by the game may become very easy to
solve. Therefore, you get increasingly bored. Obviously, the game does not offer
tasks that are balanced enough—in the sense of establishing optimal difficulty
according to your current competence and mood state—to challenge you. The game
could have done much better if your current performance had been assessed con-
tinuously in order to use this information for appropriate adaptation and person-
alization. Perhaps the game would have realized your specific problem with a
missing competence component, e.g., lacking knowledge about refraction. Fur-
thermore, the game could have also determined your personal learning styles or
preferences, and adapted the offered information accordingly.

Performance assessment in serious games is important for several reasons (see
also Bellotti et al. 2013). First, as illustrated by the previous example, to maintain
player experience and keep the players within the corridor of game flow the game
has to be adaptive considering the current performance of the player. Second, to
deliver feedback in the form of instructions, hints, score or awards the current
performance of the player needs to be assessed. Third, to improve the game,
information concerning the performance of all players is required, either for for-
mative or summative evaluation. Fourth, summative evaluation is also required to
deliver evidence for the effectivity and efficiency of the final version of the game.

Evaluation of serious games can be formative or summative. Formative
evaluation is used during development and aims at testing and improving the
serious game or parts of the game iteratively to eliminate all the weaknesses
before finishing and releasing. Summative evaluation is the evaluation of the
final serious game and aims at testing the end product according to certain
guidelines, principles or standards.

To serve the above-mentioned goals, performance assessment has to be per-
formed either online, i.e., during gameplay (“in-game” or “stealth”), or offline, i.e.,
after having finished playing the game (Ifenthaler et al. 2012a, b).

In this chapter, the issue of performance assessment in games is addressed. First,
concepts and measures of game performance are introduced. Based on these con-
ceptual fundamentals, advantages and challenges of online and offline assessment
will be addressed. Finally, the relation of game assessment and game adaptation is
discussed.
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10.2 Performance in Games—Concepts and Measures

Performance in games is a complex concept. First, performance is always a process
that evolves over time. For example, solving a problem may start with facing a
problem, followed by thinking of possible solutions, and finally choosing and
realizing one solution deemed appropriate. Second, performance brings forth
observable or measurable results. Performance results or outcomes are specific to
the particular application domain. Therefore, performance can mean solved tasks,
change of health-related behavior or knowledge, awarded scores, knowledge gains,
improved perceptual or motor skills or abilities, changed attitudes, etc. Whereas
performance outcomes can be measured or observed easily, the processes lying
behind these outcomes are often not as easily measurable or observable. For
example, the correct or incorrect solution of a game task can be easily measured.
However, the reasons for success or failure are not that obvious. In case of failure,
the player may not have been motivated, or she may lack knowledge required to
solve the task. Another possible reason may be that knowledge existed, but
appropriate hints were missing to activate this knowledge. A further reason could be
that the player was inattentive. Therefore, there are several possible reasons for a
particular performance outcome. As a consequence, serious games require an
explicit definition of performance to ensure appropriate assessment of both results
and process of performance.

Performance in games comprises both the processes and the results of actions
and interactions of the player(s) in the game. Equal performance results can
be established by different processes. Different levels, components, and stages
of performance can be distinguished. Performance measures are specific to
the domain of application.

In general, human performance is organized on different levels. First, perfor-
mance is observable or measurable at the social, behavioral and physiological level.
Second, psychological processes like perception and cognition, as well as moti-
vation, emotion, and volition, play an important role in the control of human
performance; unfortunately, psychological processes are not available for direct
measurements in the strict sense. However, they can be either inferred from
behavioral and physiological data or assessed by asking the players to report (see
also Chap. 9).

There are numerous models that attempt to identify the building blocks of human
performance. One type of models addresses the structure of movements as
spatio-temporal or neurophysiological phenomena, whereas other models analyze the
structure of actions as goal-directed, and intentionally organized human-environment
interactions including cognitive, motivational, emotional, and volitional processes
(see Fig. 10.1). The structure of movement is usually analyzed by means of methods
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used in natural sciences like mathematics, physics, and biology. The structure of
action is usually analyzed by psychology.

Human performance can be considered as movement or action. The term
movementdenotes the spatio-temporal andneurophysiological aspects of human-
environment interactions, whereas action denotes the socio-psychological aspect
of goal-directed and intentionally organized human-environment interactions,
including cognition, motivation, emotion, and volition.

According to models of movement structure, game movements can be divided
into different components, e.g., preparatory, main and end phase, supportive or
main functional phases, or action-effect relations (e.g., Wiemeyer 2003). These
concepts are very important for exergames, where complex movements have to be
learned. For example, for an evaluation and correction of errors it is important to
know which error is most important and how errors are associated and interrelated.
An error in movement preparation may lead to a subsequent error in the main phase
that can easily be corrected when addressing the preparation error.

The neurophysiological aspects of movements comprise neural functions of the
central nervous systems, particularly of the brain and spinal cord. Specific parts of
the brain are responsible for controlling movement and action, e.g., the primary
sensory and motor cortex, the supplementary and premotor cortex, the basal gan-
glia, and the cerebellum. In the spinal cord, several sensory-motor reflexes are
organized (e.g., Houk and Wise 1995; Buschman and Miller 2014).

Psychological models of performance structure can be divided into general and
domain-specific models. Another distinction is made between stage or process
models and continuous models (e.g., Schwarzer 2008). Whereas stage models
distinguish different phases of human performance regarding long-term or

Fig. 10.1 Approaches to the structure of human performance
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short-term control, continuous models distinguish different components of human
performance, irrespective of stages. An example of a long-term stage model popular
in health sciences is the transtheoretic model proposed by Prochaska et al. (2008).
This model distinguishes six stages in the process of behavioral change: precon-
templation, contemplation, preparation, action, maintenance, and termination. An
example of a short-term stage model is the Rubicon model by Heckhausen (1991).
This model tries to integrate motivational and volitional components in the
preparation, initiation, maintenance, and evaluation of actions. Thus, stage models
contribute to the understanding of the whole health process. They explain what
happens in the respective phases and how phase transitions are established.

Examples of continuous models are the theory of planned behavior (TPB; Ajzen
1991), the self-determination theory (SDT; Ryan and Deci 2000), the
social-cognitive theory (SCT; Bandura 1991), and behavioristic models, e.g.,
operant conditioning (OC; Abraham and Michie 2008; Lieberman 2001; Michie
et al. 2011). Whereas the TPB emphasizes the influence of attitudes, subjective
norms, self-efficacy, and perceived behavioral control on human intentions and
behavior, SDT explains that human intrinsic motivation is substantially influenced
by the human need for autonomy, competence, and social relatedness. Social
relatedness is also addressed by SCT, which emphasizes the significance of role
models for human behavior. Finally, OC stresses the importance of reinforcements
and rewards for human behavior.

There are also attempts at integrating stages and components. A well-known
example in the health domain is the health-action process approach (HAPA) by
Schwarzer (2008). In this model, direct and indirect effects of outcome expectan-
cies, risk perception and different forms of self-efficacy (i.e., concerning the initi-
ation, maintenance, and recovery of actions) on intending, planning, and
performing actions are described.

Another important type of general psychological models of human performance
is proposed by action theory (e.g., Schack and Hackfort 2007). On the one hand,
these models claim to be interdisciplinary in the sense that they try to integrate the
above-mentioned monodisciplinary perspectives on human performance. For
example, these models address social, physical, and psychological systems (re-
spective levels) of human performance. On the other hand, human performance is
analyzed based on both stage and continuous models. The basic stage model dis-
tinguishes three main stages of human performance: preparation or anticipation
(including planning and calculation), realization (including processing and tuning),
and interpretation (including evaluation and controlling). The cyclic nature of
human action is illustrated in Fig. 10.2. The continuous model identifies three main
constraints of action: Person, task and environment. This means: When an action is
performed, there is a complex interaction of person, task, and environment. For
example, if a person has to solve a task, the relations of the properties of the task
(e.g., complexity), the person (e.g., competencies and motivation) and the envi-
ronment (e.g., supportive vs. hostile) determine whether the attempt is successful or
not. In case of failure, a person’s competencies may not have been sufficient, the
task was too difficult for the person, or the environment did not support (or even
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impeded) a successful solution. The correct evaluation of these complex interac-
tions is an important prerequisite of adequate adaptation in serious games.

Human performance can be generally analyzed from different perspectives
(Fig. 10.1). On the one hand, natural sciences primarily analyze the structure
of movements, whereas psychology analyzes the structure of actions. On the
other hand, psychological models distinguish between general and domain-
specific models as well as stage and continuous models of action.

Beyond generic aspects of human performance, every application field of serious
games, every characterizing goal has its specific characteristics. Therefore, either
the generic models mentioned above are adapted to the respective field, or new
domain-specific performance models are developed. Taking the example of serious
games for health: When the objective of the serious game is to change
health-related behavior—for example, to stop or reduce smoking, to reorganize
nutrition, to perform safer sexual practices or to increase habitual physical
activity—the above-mentioned behavioral models are applied to derive game
interventions (e.g., Lieberman 2001). Furthermore, in the area of health, numerous
models have been developed addressing human behavior in particular. Examples
are the Health Belief Model (HBM; Becker et al. 1977), the Health Action Process
Approach (HAPA; Schwarzer 2008), and models explaining sustainable adherence
to regular exercising (SARE; Wagner 2000; Fuchs et al. 2011; Williams and French
2011). Whereas the HBM explains the influences of individual cognition and
motivation and modifying factors (i.e., demographic and sociopsychological vari-
ables) on the probability to initiate and maintain health-related actions, the HAPA
model described above also considers intentions and planning activities. SARE

Fig. 10.2 Cyclic organization of human actions
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models differentiate cognitive, motivational, and volitional variables influencing
human intentions and behavior in early and late(r) stages of health activities. From
these models, specific concepts can be derived for online (ingame) and offline
assessment, for example subjective perceptions of benefits, risks, and barriers
regarding health and health-related behavior, self-efficacy, or social support by
friends, other players, or relatives.

For the domain of learning, education, and training: Generic learning approaches
like behavioristic, cognitive, or constructivistic models are relevant for assessment (for
a review, see Kearsley 1993). An interesting approach that has been successfully
integrated into educational games is the theory of micro-adaptability (Kickmeier-Rust
and Albert 2010, 2012a, b). This approach is based on competence-based knowledge
space theory (CbKST); this approach separates observable behavior from
non-observable constructs, i.e., skills or competencies. This approach will be
addressed later in this chapter.

An important model for assessment in exergames and exertion games is the
structural model of sport performance. This model is illustrated in Fig. 10.3.

Figure10.3 shows that sport performance has several components. The components
that can be addressed by exergames aremainly coordination (specific skills and general
abilities), condition (endurance, strength, speed, and flexibility), as well as psycho-
logical and tactical competencies. Endurance regards cardiovascular fitness. Examples
of coordinative abilities are balance, sensory differentiation, and spatial orientation.

Assessment in serious games has to consider the particular genre or field of
application. Therefore, either generic models are adapted to the respective
field or domain-specific models are used. From these models, measures can
be derived for direct or indirect online and offline assessment.

Fig. 10.3 Structure of sport performance
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On the one hand, performance measures are very specific to the domain of the
respective serious game. On the other hand, there are also generic performance
measures.

At the spatio-temporal level the following measures can be assessed by means of
biomechanical measurements (Fig. 10.4; e.g., Hay 1985; Bartlett 2007):

• Kinematic measures: trajectory or displacement, velocity, acceleration, joint
angles, angular velocity, angular acceleration

• Kinetic measures: torque, angular momentum, force, work, power, and energy
• Electrophysiological measures: Electromyogram (EMG)

At the (neuro-)physiological level there are numerous measures located at the
central or peripheral level (Fig. 10.5; Kivikangas et al. 2011; Bellotti et al. 2013):

• Brain activation: Electroencephalogram (EEG), Electrocorticogram (ECoG),
Magnetoencephalogram (MEG), functional magnetic resonance imaging (fMRI)

• Cardiovascular system: electro-cardiogram (ECG), heart rate (HR), heart rate
variability (HRV), blood pressure (BP)

• Respiratory system: breathing rate, inspiratory volume, oxygen uptake, venti-
latory thresholds (VT1, VT2), respiratory exchange ratio (RER)

• Skin: electrodermal activity (EDA), skin conductance response (SCR), skin
conductance level (SCL)

• Visual system: pupil diameter, pupil response

Fig. 10.4 Biomechanical analysis of human movements
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At the socio-psychological level, observable relations and interactions between
people can be categorized, like making contact, withdrawing from contacts,
cooperation, or conflicts, as well as communication behavior.

Specific performance measures pertain to the respective domain of the serious
game. In Table 10.1, selected performance measures of selected domains of serious
games are illustrated.

Fig. 10.5 (Neuro-)physiological measure of human performance

Table 10.1 Examples of domain-specific performance measures

Domain Measures (examples)

Educational games knowledge, attitude, skill level

Games for Health knowledge, health-enhancing physical activity (HEPA),
health-related behavior, health outcomes, attitude, fitness level

Reha(b)games activities of daily living (ADL), various clinical scales and scores

Sport games skill level, ability level, knowledge, sport performance

Advergames knowledge, attitude, purchase

Persuasive games persuasion, knowledge, attitude

Simulation and training
games

“real world” behavior (transfer), strategic knowledge
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In educational games, the educational impact is most important. Depending on
the particular educational goal, performance can be measured by the application of
knowledge or skill tests. Another commonly used method is attitude questionnaires.

In games for health, the most important performance measure is the specific
impact on the respective health indicator. For example, in cardiovascular diseases
(CVD), the relevant measures are heart rate, oxygen uptake, blood pressure, res-
piratory parameters, blood parameters, and energy expenditure. In addition, specific
risk and protection factors are also important performance indicators. For CVD,
these factors comprise adequate level of regular physical activity, smoking, and
nutrition. In the area of health, often a distinction is made between primary and
secondary outcomes.

The field of reha(b)games shows a considerable variety. According to the
International Classification of Diseases (ICD-10; WHO 1992), numerous diseases
can affect specific anatomical regions or functions of the human body. Therefore,
the primary performance measures are specific to the particular disease. As already
mentioned with games for health, primary and secondary risk and protection factors
can be measured, as well as the components of health, according to the definition of
the WHO.

Due to the variety of sports, sport games also comprise numerous relevant
measures. Considering the performance model illustrated in Fig. 10.3, numerous
measures of conditioning and coordination can be distinguished.

Advergames aim at advertising a product or a company. Therefore, all aspects
relevant to product or company marketing are candidates for measures. Of course,
the most important measure is purchases of the product. Secondary performance
measures are publicity, knowledge of, and attitude towards the product or company.

Persuasive games aim primarily at changing attitudes and subsequently
behavior. Persuasive games can address many application fields like politics, his-
tory, social sciences, and life sciences. Beyond attitude and behavior, knowledge
measures are also often applied.

Simulation and training games aim at managing a particular situation or task
under time pressure. Therefore, the most important performance measure is the
successful transfer to real-world behavior. Often, specific declarative and strategic
knowledge is required for and acquired in simulation and training games, e.g.,
if-then rules for decisions.

For the adequate choice of a relevant performance measure, there is no “one
size fits all” solution. Rather, either specific measures exist for particular
groups—e.g., children versus adults, or healthy versus ill people—or generic
measures are used, e.g., mood or motivation questionnaires. In addition, in
many application domains there is no common agreement on a “gold stan-
dard.” Therefore, choosing the correct measure is not at all trivial.
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10.3 Online Assessment

Online assessment refers to the idea to ground assessment on the data that can be
pulled out of games, primarily the log file data. The analysis of such data, however, is
not trivial. Basically, there are two challenges that must be addressed. On the one
hand, there is the problem that a large amount of information coming from the game—
such as movements, actions, interactions with the game world and perhaps with other
players—must be analyzed in real time (cf. Koidl et al. 2010). On the other hand, there
is the perhaps even more difficult challenge to interpret the data in a valid and relevant
way. There have been various attempts to draw specific conclusions about motivation,
or sentiment, however, the results of research are unclear, and concrete applications
are still sparse (Mattheiss et al. 2010).

The main focus of online assessment in the educational community is on
learning performance. This naturally leads to the concepts of Learning Analytics
(LA) (e.g., Ferguson 2012; Siemens 2012) and Educational Data Mining (EDM;
EDM 2015). The concepts are paired with a real-time analysis of data coming from
games. The main idea is to interpret the assessment results, which often have
limited utility in an educational sense, in a formatively-inspired way. This means
that the aim is to make the step from diagnosing to finding the right treatment. All
this is closely related to the notion of intelligent tutorial technologies that, in turn,
rely on robust assessment.

EDM has been defined as “an emerging discipline, concerned with developing
methods for exploring the unique types of data that come from educational settings,
and using those methods to better understand students and the settings which they
learn in” (International Society of EDM, EDM 2015).

Baker and Yacef (2009) provided an extensive overview of EDM applications,
developments, and definitions. EDM originates from many research areas, such as
statistics, data mining, machine learning, visualization, and computational model-
ing, and aims to automatically discover patterns and models in huge and growing
datasets. While in the beginnings of EDM, most data were retrieved from experi-
mental learning sets that did not last longer than a few weeks. Today, such data are
often tracked over the duration of an entire course and can last up to one year of
studying. Collected data are further analyzed to gain valuable insights into learning
processes. With these enormous amounts of data, new challenges arise, especially
with regard to visualizing and modelling the information to make it readable and
interpretable for human stakeholders.

While EDM aims to discover patterns and models in scaled data, learning
analytics take into account the needs of different educational stakeholders and the
strength of their judgement, in addition to computational measurements.
Although EDM and LA focus on slightly different areas, they have similar goals
that relate to improving educational technology and evaluating pedagogically sound
instructional designs (Ferguson and Shum 2012). In particular, LA emphasizes
supporting pedagogical approaches by providing assistance to teachers with prac-
tical issues (e.g., the quality of the learning material or the engagement of students
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in specific exercises). Data gained by LA tools can be used to evaluate
pedagogically-sound instructional designs in classroom settings. In most cases, this
mainly involves monitoring learner actions, and interactions with learning tools and
learning peers (Lockyer and Dawson 2011). Many attempts have been made of
visualizing such learning traces either to make significant relationships explicit or to
allow stakeholders to discover such relationships independently. Research on using
dashboards in LAs was performed for example by Duval (2011). These dashboards
are graphical representations of activities and performance data of learners. As
known in other domains (e.g., sports), visualization of collected interaction training
data and their comparison with data of like-minded peers may not only provide
insights into poor and good practices, but also increase motivation due to the
playful introduction of competitiveness.

Chatti et al. (2012) presented a reference model for LA in which they distin-
guished four main dimensions:

• Who?—Stakeholders: This dimension refers to the people targeted by the
analysis.

• Why?—Objectives: This dimension refers to the motivation for or goals of doing
the analysis.

• What? - Data and environment: This dimension refers to the kind of data that is
gathered, managed and used for analysis.

• How?—Methods: This dimension relates to the techniques and tools used for
performing the analysis of collected data.

In addition to these main dimensions for the domain and application of LA,
Greller and Drachlser (2012) identified two additional dimensions in their approach
of defining a generic framework for LA:

• External limitations: This dimension refers to conventions (ethics, personal
privacy, socially motivated limitations) and norms (legal and organisational
constraints).

• Internal limitations: This dimension refers to relevant human factors, like
competence (e.g., interpretation, critical thinking) and acceptance that may
conflict with or complicate LA.

In principle, the objectives for using LA are in line with the different views of its
stakeholder groups. Chatti et al. (2012) identified the following main objectives;
these certainly have overlaps, and usually a specific application of LA will serve
several of them (see Fig. 10.6).

• Monitoring and analysis: tracking and checking the learning process, which is
then used by teachers or educational institutions as a basis for taking decisions,
e.g., on future steps, the design of new learning activities, improving the
learning environment.
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• Prediction and intervention: estimating learners’ future knowledge or perfor-
mance in terms of finding early indicators for learning success, failure, and
potential dropouts, to be able to offer proactive interventions and support for
learners in need of assistance.

• Tutoring and mentoring: helping learners with and in their whole learning
process, or in the context of specific learning tasks or a course, providing
guidance and advice.

• Assessment and feedback: supporting formative and summative (self) assess-
ment of the learning process, examining efficiency and effectiveness of learning,
and providing meaningful feedback of results to teachers and learners.

• Adaptation: Finding out what a learner should do or learn next and tailoring
learning content, activities, or sequences to the individual. This idea of carefully
calculated adjustments corresponds to the central aim and component of adap-
tive learning environments and intelligent tutoring systems.

• Personalization and recommendation: Helping learners to decide their own
learning and learning environment, and what to do next by providing recom-
mendations while leaving the control to the learner.

• Reflection: Prompting and increasing reflection or self-reflection on the teaching
and learning process, learning progress and achievements made; providing

Fig. 10.6 Objectives of learning analytics
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comparison with past experiences or achievements between learners, across
classes, etc.

The methods applied in LA consider methods from data mining and analytics in
general, as well as psychometrics and educational measurement as the main sources
of inspiration, which fall into five main classes (see Fig. 10.7): prediction methods,
structure discovery, relationship mining, discovery with models, and distillation of
data for human judgment (Baker and Inventado 2014; Adomavicius and Tuzhilin
2005).

• Prediction methods: These are the most popular methods in EDM. They
essentially aim at developing a model to predict or infer a certain variable (e.g.,
mark, performance score) from a combination of other indicators of the edu-
cational data set. Common prediction methods are classification (for prediction
of binary or categorical variables), regression (for prediction of continuous
variables), and latent knowledge estimation (assessing learner knowledge or
skills).

• Structure discovery: Algorithms of structure discovery aim at detecting structure
in educational data without an a priori assumption of what should be found (in
contrast to prediction methods, where the predicted/dependent variable is
known). Methods of this type are clustering (splitting data sets into clusters),
factor analysis (finding dimensions of variables grouped together), and domain
structure discovery (deriving the structure of knowledge in an educational
domain).

• Social network analysis (SNA) is another method from this class, which is quite
popular in LA (Siemens 2012). It allows one to analyze relationships and
interactions between learners in terms of collaboration and communication
activities, information exchange, etc. SNA uncovers the patterns and structure of
interaction and connectivity, which can then be visually illustrated and provide
the possibility of quantification (e.g., via centrality measures), to identify
learners that are very important, represent “hubs,” or are in isolation (Romero
2010).

• Relationship mining: The aim of this group of methods is to find out relation-
ships between variables, and how strong those relationships are. Concrete

Fig. 10.7 Methods of learning analytics and educational data mining
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methods are association rule mining (finding if-then rules), correlation mining
(finding positive or negative linear correlations), sequential pattern mining
(finding temporal associations between events), and causal data mining (finding
out whether one observation is the cause of another).

• Discovery with models: This class does not denote a specific group of techniques
but refers to the general approach of using the results of one analytics method
within another analysis. A popular way of doing this is, for instance, to use a
prediction model within another prediction model; however, there are a variety
of other ways for conducting discovery with models.

• Distillation of data for human judgment: This is an approach quite common in
LA, in a narrower sense, but not considered as a method of EDM, since it
consists in providing teachers immediate access to reports and visualisations of
the learner data for their interpretation, judgement and to support decision
making and pedagogical action. Examples are learning curves or heat maps
(Homer 2013; Baker et al. 2007).

Typically, LA is used to support teachers and instructors with deeper insights
into learning processes. Games may serve as an ideal data source for LA. A crucial
question is how to harness and make sense of this data in an effective and efficient
manner. LA is currently in the process of initiating the elaboration of analytics that
can be used for serious games. By using and combining ideas from gaming ana-
lytics, web analytics, and learning analytics, it is possible to establish meaningful
analytics on data from games for educational purposes.

A great challenge with learning analytics in educational games is the wide
variety of different games available, which complicates the development of ana-
lytics tools that are applicable to all games. To overcome this, Serrano-Laguna et al.
(2012) propose a two-step generic approach to apply learning analytics in educa-
tional games, which is applicable to any kind of game. First, generic traces are
gathered from gameplay, including game traces (start, end, and quit), phase changes
(game chapters), input traces like mouse movements or clicks, and other mean-
ingful variables like attempts or scores (depending on the game). This data gives
rise to reports with general and game-agnostic information, like the number of
students who played the game, the average playing time, game phases in which
users stopped playing, etc. This information can be visually reported and may
provide initial useful information on how learners interacted with the game. In a
second step, additional information may be extracted by letting teachers define
game-specific assessment rules based on and combining the generic game trace
variables to obtain new information (e.g., setting maximum time thresholds,
comparing actual and expected/required values of variables). These rules clearly
need to be closely defined in line with each game to match the educational
objectives; however, since the building blocks of these kinds of rules are elements
from the basic set of traces, the creation and provision of template rules to support
teachers in defining their own is conceivable.
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To make use of learning analytics in educational games, a game platform needs
to be used that allows the collection of the relevant data, and that holds a repre-
sentation of game variables. The data for learning analytics will likely need to be
stored and processed separately and remotely. To technically implement such
analytics in an educational game, the definition of a learning analytics model and
implementation of a learning analytics engine—which is separate from the game
engine but communicates with it—has been proposed (Homer 2013). The learning
analytics engine is conceived as comprising a set of modules enabling the different
steps of the learning analytics process, from capturing data via aggregating and
reporting, to evaluating in terms of transforming information into educational
knowledge.

Assessment in a learning game may have two main purposes. First, just mea-
suring the success of the student will serve to provide teachers and students with the
derived information as a basis for action, like selecting new educational resources,
deciding on additional support or learning tasks, etc. Second, the derived infor-
mation may be used for realizing dynamic adaptation during game time through an
adaptation model, and adapter (part of the learning analytics framework) commu-
nicating with the game engine.

An example of using learning analytics in a serious game has been presented by
Baker et al. (2007); see also Miller et al. (2014). The authors also realized skill
assessment in an educational action game by using game events (e.g., attacking and
fleeing from an enemy) as evidence for users’ mathematical skills. The authors
deployed exponential empirical learning curves to determine player improvement in
accuracy and speed. This approach proved useful for formative assessment in
educational games, and may also be used to inform the redesign and improvement
of intelligent tutoring systems. Another very recent LA attempt has been made
towards elaborating an automated detector of engaged behavior in a simulation
game (Stephenson et al. 2014). Their goal was to identify and model learner actions
that give evidence of user engagement and, in the end, are predictive for success in
the game. An integration of the engagement detector in the game will enable to
report the results back to learners and teachers for reflection.

An approach to consider the structure of competencies was introduced by
Kickmeier-Rust and Albert (2010); it is based on the notions of so-called
competence-based knowledge space theory (CbKST) (cf., Kickmeier-Rust and
Albert 2012a, b). The principal idea is to monitor each activity of a learner or a
group of learner’s exhibits, and to interpret the behavior in terms of available
or lacking competencies or cognitive states such as motivation. Originally, this
concept was developed in the European ELEKTRA project (ELEKTRA 2014) (and
advanced in the following 80Days project (80Days n.d.). In the following, generic
Web services have been developed around the micro-adaptation framework.
The service-oriented architecture (as described by Carvalho et al. 2015) is based on
a set of recommendations, policies, and practices for the design of software
architectures which implements business processes, and it is using loosely coupled
components that are arranged to deliver a certain level of service or set of func-
tionalities (Hurwitz et al. 2007). The services are (partly) available and accessible
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through the service catalog platform of the Serious Games Society (Serious Games
Society n.d.).

The service approach has been implemented and evaluated, for example, in
primary level maths games. One example is the Sonic Divider (Kickmeier-Rust and
Albert 2013a), a tool to practice the formal sequence of solving divisions at the
level of third grade. In this case, the micro-adaptation framework builds upon a
domain model that includes about 100 atomic competencies (including number
dimensions, knowledge about sequences, rounding of numbers, etc.). The system
identifies correct and incorrect actions of the learners and updates an underlying
probability model of available competency states (in the sense of CbKST). This
kind of believe model is then used to trigger highly targeted interventions (such as
guidance or feedback), matching the competency levels of the learners well. The
approach was also successfully applied to a multiplication game, named the 1 � 1
Ninja which is based on a domain model for second grade multiplication skills
including the number dimensions for multiplicand and multipliers. The tool can
give tailored feedback, and it automatically adapts the difficulty level of the mul-
tiplication tasks to the performance of the learners. In school studies, we could
show that suitable and individualized interventions are superior to no,
non-individualized, or simple right/wrong statements.

A highly interesting application of the micro-adaptation framework and LA was
realized in the context of the European Next-Tell project (Next Tell 2015). In this
example a full teacher control suite that allows realizing educational sessions in
virtual worlds (such as Second Life or OpenSim) has been developed. The tool
analyzes the log files from the virtual world in real-time and—in greater detail—
post hoc, and provides teachers with activity statistics, chat summaries, probabilities
over competencies and competence states (based on heuristic-based analyses of
activities), and real time messages (e.g., in case of unwanted activities such as using
inappropriate language). In example studies with Norwegian and Austrian children
who met and learned English together in an OpenSim environment, it was
demonstrated that an appropriate feedback based on LA resulted in clear benefits
for the teacher, who had the opportunity to monitor and document activities and,
more importantly, to review language competencies (Kickmeier-Rust and Albert
2013b).

Learning Analytics (LA) and Educational Data Mining (EDM) aim at using
activity and performance data from a game to draw educationally relevant
conclusions. Their purposes are primarily providing learners with feedback,
providing teachers and instructors with insight and overview, and allowing an
adaptation of the game.
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10.4 Offline Assessment

Whereas online assessment has to face challenges like real-time diagnostics and
non-intrusiveness, offline assessment is much less challenging in this regard. Playing
activities can be paused or finished before methods of offline assessment are
administered. However, offline assessment also has to meet specific requirements.
The most important requirement is to fulfill quality standards in the respective field
or discipline. Unfortunately, in many application fields there is no consensus on one
assessment method that represents the gold standard. Rather, many different methods
are in use. Therefore, in this section the options in selected application domains of
serious games are discussed without recommending particular methods. Depending
on the structure of the respective field performance, knowledge, attitude and other
psychological variables may be assessed on a qualitative or quantitative scale. The
following fields will be addressed: health and rehabilitation, learning and education,
sports and exercise, and training and simulation.

In principle, offline assessment can be qualitative or quantitative (see Fig. 10.8).
Available methods comprise measurements, tests, observations, questionnaires, and
(written or verbal) self-reports. Whereas measurements, tests and observations can
be considered more or less direct methods of assessment, questionnaires and
self-reports assess performance indirectly.

Offline Assessment in Games for Health

Due to the complexity of the health domain, numerous assessment methods are
used. These methods are either based on specific health models or on a general
understanding of health as a state of physical, psychological, and social well-being.
Health and health-related behavior addressed in games for health comprise (regular)
physical activity, nutritional behavior, perceptual-motor skills (e.g., falls, spatial
vision) and abilities (e.g., balance and reaction), stress management, smoking, drug
(mis-)use, asthma prevention, and safer sexual behavior (Baranowski et al. 2008;
Lager and Bremberg 2005). In this section, we focus on assessment in prevention.
Therapy and rehabilitation will be addressed in the next section.

In general, in the health domain the current health status has to be assessed. This
can be done either by laboratory diagnostics, field tests or surveys. Well-known
laboratory diagnostics are measurements of arterial blood pressure, biochemical

Fig. 10.8 Overview of methods for offline assessment
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blood parameters like hemoglobin, liver enzymes, and other biochemical markers of
organic functions. Concerning cardiorespiratory fitness, a broadly accepted indi-
cator is the maximum oxygen uptake (VO2max; for an overview of physiological
methods, see Maud and Foster 2006). This measure indicates the aerobic capacity
of the cardiorespiratory system. Normally, VO2max is determined by a stepwise
ergometer protocol (either cycle ergometer or treadmill). Starting from a low initial
load (e.g., 25 or 50 W), the load is increased stepwise until certain criteria for
exhaustion are reached. For example, in the WHO protocol for children, the initial
load of 25 W is stepwise increased by 25 W every two minutes (Finger et al. 2013;
see also Andersen et al. 1971). Furthermore, ramp tests exist that require less time
for assessment (e.g., Poole et al. 2008).

Another indicator of physical activity (PA) that has often been assessed in
videogames is energy expenditure (EE; e.g., Biddiss and Irwin 2010; Peng et al.
2011, 2013; Sween et al. 2014; Deutsch et al. 2015). EE can be measured as oxygen
uptake (l/min), burned calories (kcal/h) or METs (metabolic equivalents). A well
accepted finding is that active videogames increase EE at a low to moderate level,
both in healthy and diseased populations (Fig. 10.9).

As another instrument to assess physical activity accelerometers are often used
(Reilly et al. 2008). This instrument allows for objective assessment of PA over a
longer period. Furthermore, activity logs or diaries (e.g., Garcia et al. 1997) as well
as specific questionnaires exist for assessing regular PA (e.g., Baecke et al. 1982;
for a critical review see Shephard 2003; Prince et al. 2008). For example, the
Baecke questionnaire consists of 16 items addressing PA at work, in sport, and

Fig. 10.9 Energy Expenditure (EE, in METs) while playing different kinds of video games
versus performing locomotion activities (mean ± minimum/maximum). Legend VG—Video-
games; MI—Mild neurological impairment; SI—Severe neurological impairment
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during leisure. Based on these items three scores are calculated: work index, sport
index, and leisure time index.

Concerning individual health, an often-applied instrument is the health status
questionnaire for medical outcomes studies (MOS SF-36; McHorney et al. 1993;
Ware and Sherbourne 1992; Ware 2000). The MOS SF-36 consists of 36 items and
eight scales representing mental and physical health. It has been developed for
self-administration by persons at the age of 14 years and older and for administration
by trained interviewers. There also exists a short version (SF-12) with 12 items.

Nutritional knowledge and/or behavior can also be assessed by questionnaires for
adults (Parmenter and Wardle 1999) and children (Wilson et al. 2008). The nutrition
questionnaire for adults comprises 50 items addressing knowledge about food and
nutrition, whereas the questionnaire for children consists of 14 items addressing
actual nutrition behavior. A shorter 20-item questionnaire has been validated by
Dickson-Spillmann et al. (2011). There also exists a computer-supported interview
tool for assessing nutrition (Bakker et al. 2003). Furthermore, nutrition can be
documented over a certain time period in a nutrition log or diary.

Health-related indicators of physical fitness like motor skills and abilities can be
measured by specific field tests like balance, jump, or run tests. Bös (2001) gives an
overview of about 700 single tests. According to Fig. 10.3 these tests can be used to
assess elementary and complex motor skills, motor abilities, or conditioning abil-
ities like strength, power, endurance, speed, and flexibility—as well as complex
combinations of coordination and condition. As in the other areas, questionnaires
exist asking the players to self-estimate their physical fitness level (e.g., Strøyer
et al. 2007; Bös et al. 2002; Knapik et al. 1992).

Offline Assessment in Therapy and Rehabilitation

Offline assessment in therapy and rehabilitation depends on the specific disease.
Beyond the primary outcomes targeted by the therapy further effects can be assessed.
For example, in neurorehabilitation, the primary outcome is the improvement of
mental and sensorimotor functions. Therefore, instruments like Fugl-Meyer
assessment (FMA), Postural Assessment Scale (PASS), the Assessment for Motor
Ability (AMA), Wolf Motor Function Test (WMFT), Stroke Impact Scale (SIS), and
the Functional Independence Measure (FIM) are applied. For example, the FMA is a
226-point scale comprising five domains (motor function, sensory function, balance,
joint range of motion, and joint pain; Gladstone et al. 2002). There are also
domain-specific instruments like the Berg Balance Scale (for a review, see Blum and
Korner-Bitensky 2008). The Berg Balance Scale has been widely used in stroke
rehabilitation. The scale consists of 14 items rated from 0 to 4. The above-mentioned
instruments have also been applied in the evaluation of serious games in neurore-
habilitation (reviews: Staiano and Flynn 2014, Wiemeyer 2014).

Another important therapy field is cancer. In order to establish a good primary
outcome, patients have to adhere to long-lasting and strenuous therapy, often
including periods of self-medication and chemotherapy. Compliance to therapy can
be assessed by subjective methods like self-reports and questionnaires, or by
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objective measures like blood assays and clinic visit attendance. An example of a
successful application of these assessment methods is given by Kato et al. (2008),
who could prove that playing a cancer-related videogame (Re-mission; Hope Labs
2015) has positive effects both on subjective and objective assessment scores.

Offline Assessment in Learning and Education

The primary outcome of serious games in learning and education is increased
knowledge and skills. Knowledge can be declarative, e.g., the successful recall of
facts, or procedural, e.g., drawing a circle or constructing a triangle. Therefore
knowledge and skill tests are appropriate assessment methods. There are many
approaches for assessment of learning and education in pedagogy and psychology.
Three mainstreams in learning theory have already been mentioned: Behaviorism,
cognitivism, and constructivism (Kearsley 1993; Egenfeldt-Nielsen 2006). Whereas
behaviorism focusses on learning by stimulus-response connections supported by
repetitions and reinforcement, cognitivism analyzes the information processing
during learning supported by instruction and feedback. Constructivism states the
importance of authentic learning environments and social communication. As an
example of a cognitive approach, the Component Display theory by Merrill (1983)
distinguishes between four types of learning content (fact, concept, procedure,
principle) and three types of use (remember, use, find). From these 10 meaningful
content combinations,1 a use can be derived that can be assessed, e.g., remembering
facts, using concepts or principles, or finding new procedures or principles.
A similar approach comprising four types of learning content (fact, concept, pro-
cedure, meta-cognition) and six type of use (remember, understand, apply, analyze,
evaluate, create) has been proposed by Krathwohl (2002). Another approach is to
distinguish different kinds of tasks. In his “Web-Didaktik,” Meder (2006) develops
a hierarchical taxonomy of tasks (see Fig. 10.10).

Fig. 10.10 Taxonomy of tasks for assessing learning effects (according to Meder 2006)

1Note that two combinations have been removed because they do not make sense, i.e., finding and
using facts.
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Prominent application fields of educational games are learning mathematics,
physics, geography, history, health-related behavior and languages (for a review,
see Egenfeldt-Nielsen 2006). Concerning the assessment of serious games for
learning and education it is not sufficient to test the primary outcomes, i.e., what has
been learned by using the games. Rather, the secondary effects of educational
games, i.e., how a player has learned, deserve scientific attention.

Offline Assessment in Sport and Exercise

In the fields of sport and exercise, the primary outcome is performance in specific
sports or exercises. For example, in basketball the scored baskets and in soccer the
scored goals can be assessed. Furthermore, according to the model of sport per-
formance illustrated in Fig. 10.3, various subareas of competencies can be assessed:
conditioning, coordination, tactics, psychological, and social competencies. For
example, numerous tests for strength, endurance, flexibility, and speed as well as
for tactical behavior, coordinative abilities, and sport skills have been developed.
For example, commonly used performance measures of endurance are the time
needed to run a certain distance (e.g., 3,000 m), or the distance covered within a
prescribed time (e.g., 12 min in the Cooper test). An example of a power test is the
jump-and-reach test, where the task is to jump as high as possible from a standing
position.

Furthermore, sport psychology has validated many generic or sport-specific tests
for cognition, perception, emotions, motivation and volition (e.g., Tenenbaum and
Eklund 2007).

Particularly sensorimotor skill and knowledge tests have been assessed in studies
on serious games in sport and exercise (for a review, see Wiemeyer and Hardy
2013).

Offline Assessment in Training and Simulation

In a way, training and simulation is a specific form of learning. Training denotes all
measures aiming at the systematic, purposeful and sustainable change of human
competencies and behavior. Simulations are manipulations applied to a physical or
computational model. Simulations are used when it is too expensive, unethical or
simply impossible to perform experiments with the original. Therefore, the most
important outcome of learning and training with simulations is the transfer to the
“real world” situation. This transfer can be direct, i.e., showing the behavior
acquired in the simulation immediately in the real world situation, or indirect, i.e.,
gaining knowledge about principles or strategies to facilitate the transfer. As a
consequence, methods for direct and indirect assessment of training and simulation
can be applied. Unfortunately, existing reviews and meta-analyses do not distin-
guish between these two kinds of assessment (Lee 1999; Vogel et al. 2006).
However, they prove that appropriately instructed, engaged, and playful use of
simulations may enhance performance.

Offline assessment of human performance is specific to the respective applica-
tion field of serious games. In this regard, many assessment methods exist ranging
from measurements via tests and observations to reports and surveys. In many
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fields, no “gold standard” has been agreed upon. Therefore, the great challenge is to
select the method(s) that meet best the requirements for the particular offline
assessment.

10.5 Performance Assessment and Game Adaptation

As pointed out in the chapter introduction, performance assessment serves
numerous functions in serious games. One important function is the adaptation of
the game to changes in the current performance of the player (see also Chap. 7).
First, adaptation of a game has to consider more or less static characteristics of the
player like age, gender, experience level, level of expertise, etc. In addition,
rehabilitation games have to adapt to the degree of impairment. This type of
adaptation is called macro-adaptation (e.g., Kickmeier-Rust and Albert 2012a, b).
A second type of adaptation is much more dynamic and depends on the current state
of the game. This type of adaptation, called micro adaptation, depends very much
on online performance assessment. In Fig. 10.11, the relation of performance
assessment and micro adaptation is illustrated.

Fig. 10.11 The relation of performance assessment and adaptation in serious games
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During gameplay the player interacts with the audiovisual and haptic interface of
the game. Depending on the sensors used, different sensory information can be
recorded as a result of the player-game interaction. For example, the kinematics and
dynamics of the player’s movements like forces or acceleration can be measured, as
well as the physiological reactions like heart rate or energy expenditure. Further-
more, events like pressed buttons or keys can be registered. This sensor data can be
used both for performance classification and player experience classification (see
Chap. 9). For example, the biomechanical data may signify a particular movement
error that has to be corrected. Or the physiological data may indicate that the
emotional arousal of the player is decreasing. Based on the results of the classifi-
cation, the task profile—and consequently the player profile—can be updated.
These profiles are then compared to the task-specific and global goals, respectively.
If the data suggests an adaptation of the game, decisions have to be taken whether to
change the task as such, adjust task parameters, or to use other means of adaptation,
e.g., hints or encouragements. If the data is not sufficient for an adaptation, a
decision has to be made whether to initiate further online, i.e., in-game assessment,
or off-line assessment. In order to not disrupt the game, online assessment is pre-
ferred. However, the options for online assessment may be not sufficient to get valid
information concerning the current performance state. For example, this may
happen in serious games for rehabilitation when the performance of the patient does
not improve. To identify potential causes of the stagnation, a thorough clinical
examination may be required.

10.6 Summary and Questions

Performance assessment in serious games is important for several reasons, for
example to adapt the game dynamically to progress of the player(s) and to evaluate
game quality. Performance denotes the process and result of actions and interac-
tions within a game. The numerous approaches to the structure of performance can
be distinguished into movement-based versus action-based approaches. Further-
more, different levels, stages, and components of performance regulation can be
distinguished. Assessment of different aspects of human performance can be based
on generic or domain-specific models. Assessment can be performed online, i.e.,
during gameplay, or offline, i.e., at the end of playing the game. Due to the different
levels and components of performance, biomechanical, (neuro-)physiological,
observational, and psychological methods are available for assessment.

Online assessment poses major challenges because assessment has to be done in
realtime and without disturbing the ongoing game. Using the example of games for
education and learning, the approaches of learning analytics (LA) and educational
data mining (EDM) have been introduced to illustrate the demands on online
assessment.

Offline assessment has to consider the methodological standards in the respective
application field. In the health domain, specific options of measuring, observing,
testing, or self-reporting health-related activities and knowledge are available.
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In education and learning domains, as well as in simulation and training domains,
the most important requirement is to assess learning and transfer, respectively. In
sport and exercise domains, assessment focuses on the whole or parts of the
complex structure of sport and exercise performance.

Check your understanding of this chapter by answering the following questions:

• What does the concept of “human performance” mean?
• What is the difference between movement-oriented and action-oriented

approaches to human performance?
• Which stages are distinguished by the action theory of human performance?
• Which components are distinguished in the generic model of sport performance?
• Which metrics are assessed by biomechanical analysis of performance?
• Which metrics are assessed by (neuro-)physiological analysis of performance?
• What does the term “learning analytics” mean?
• What is meant by “educational data mining?”
• What are the objectives of learning analytics?
• What are the methods of learning analytics and educational data mining?
• What are the specific challenges in online assessment?
• What are the options for offline assessment in the field of health?
• What are the options for offline assessment in the field of rehabilitation?
• What are the options for offline assessment in the field of learning and

education?
• What are the options for offline assessment in the field of training and

simulation?
• What are the options for offline assessment in the field of sport and exercise?
• How can online and offline assessment be integrated in the adaptation of serious

games?
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