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Emotional Foundations of Game-Based Learning: The Basic "What" and "Why"

By some estimates, the average student will have spent 10,000 hours playing computer- 
based games by age 21—as much time as they will have spent at school (McGonigal, 
2010). Therefore, taking advantage of students' motivation to engage in gaming to 
help them acquire knowledge seems to be an especially promising way to advance 
learning in the twenty-first century. However, the mechanisms underlying successful 
game-based learning (GBL) remain poorly understood. In this chapter, we focus on one 
important group of factors that likely shape digital GBL: learners' emotions.

Increasing learners' enjoyment and alleviating boredom are often advertised as major 
selling points of GBL. The National Foundation for Educational Research, for instance, 
lists "learning through intense enjoyment" as one of the constitutive features of digital 
GBL (Perrotta, Featherstone, Aston, & Houghton, 2013, p. 9). However, research shows 
that GBL involves not only enjoyment but also periods of frustration, boredom, or con
fusion (e.g., Conati & Gutica, 2016). Moreover, comparisons of GBL and non-game- 
based learning environments have produced mixed results with regard to their relative 
effectiveness in promoting enjoyment and reducing negative emotions (Rodrigo & 
Baker, 2011). At the same time, research indicates that emotions can strongly impact 
learners' processing of information as well as their motivation to learn, and, as a result, 
overall learning outcomes (Pekrun & Linnenbrink-Garcia, 2014a). Consequently, any 
comprehensive attempt to understand and harness the educational affordances of GBL 
will have to include its emotional foundations. Specifically, it requires consideration 
of antecedents of different emotions, including specific features of GBL environments 
(GBLEs), learner differences, and interactions between these variables, as well as effects 
of these emotions on learning.

This chapter provides a review of these emotional foundations of digital GBL. We 
first provide examples of emotion-relevant elements of GBL, using the well-studied 
intelligent game Crystal Island (Rowe, Shores, Mott, & Lester, 2011) as a case study. 
Next, we define emotion and discuss types of emotions relevant to GBL. We then
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offer an integrative model of the emotional foundations of GBL and use this model to 
review the extant literature. Finally, we derive implications for the design of emotion
ally sound GBLEs and outline directions for future research.

Incorporating Emotions into GBL: The Case of Crystal Island

Crystal Island (Lester, McQuiggan, & Sabourin, 2011) is an intelligent learning environ
ment that leverages several components of the emotional pull of games for learning 
middle school biology. It centers on a narrative designed to lure players into the game 
and keep them emotionally engaged throughout the learning experience. Players take 
on the role of a medical field agent given the task of identifying and curing an infectious 
disease that has mysteriously befallen a team of researchers stationed on an island. This 
emotional immersion is supported by 3-D visuals depicting a volcanic island landscape 
as well as a host of lifelike embodied agents with which players interact in their quest 
to solve the medical mystery and save the infected patients (see figure 5.1).

Crystal Island seeks to foster autonomous, inquiry-based learning by allowing stu
dents to explore the island, collect clues, and test hypotheses by using virtual lab 
equipment to identify the contaminant at their own pace. These opportunities for 
self-directed learning are balanced with direct instruction through virtual personnel as 
well as a worksheet designed to scaffold learners' recording of information, hypotheses, 
and diagnoses (figure 5.2). The dynamic decision-network-based architecture of the 
game tracks and adapts to students' learning progress, providing informative feedback 
through pedagogical agents and action-contingent changes in the virtual world. These 
design features are aimed at sustaining curiosity and enjoyment while preventing bore
dom or frustration by providing sufficient challenge and facilitating mastery.

Recent work on Crystal Island has included automatic affect recognition and provi
sion of affective support, which may entail changes in the GBLE (e.g., providing meta
cognitive prompts) or involve emotionally responsive, empathic agents (Lester et al.,

Figure 5.1
Crystal Island volcanic landscape and camp nurse with an infected patient in the virtual infirmary 
(Lester, Ha, Lee, Mott, Rowe, & Sabourin, 2013).
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Figure 5.2
Diagnosis worksheet for data collection and evaluation in Crystal Island (Lester, Ha, Lee, Mott, 
Rowe, & Sabourin, 2013).

2011). These agents mimic learners' emotions and signal understanding, or exhibit a 
different emotional state to enhance the learner's emotional condition. Thus, Crystal 
Island deploys a variety of strategies to promote emotions that are adaptive for learning 
and students' well-being. Similar principles have been incorporated in other GBLEs as 
well, including, for example, the motivationally enhanced game-based reading com
prehension tutor iSTART-ME (Jackson & McNamara, 2013), the narrative-centered math 
game Heroes of Math Island (e.g., Conati & Gutica, 2016), or the simulation game The 
Incredible Machine (Sierra Online Inc., 2001), designed to teach various physics princi
ples through interactive puzzles.

Constructs of Emotion

Definition of Emotion
Emotions constitute reactions to environmental (e.g., an exam situation) or person
internal events (e.g., recalling past experiences of an exam). They consist of multiple 
coordinated processes, which include (1) affective components, including subjective feel
ings (e.g., positive excitement connected to enjoyment); (2) cognitive components, con
sisting of emotion-specific thoughts (e.g., confidence in one's ability to solve a current 
task); (3) physiological components, supporting concomitant action (e.g., physiological 
activation for enjoyment); (4) motivational components, encompassing behavioral ten
dencies (e.g., tendencies to approach and invest effort in enjoyment); and (5) expressive
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components, including facial, postural, and vocal expression (e.g., speaking in a firm 
voice; Shuman & Scherer, 2014).

Classification of Emotions
Multicomponent approaches to emotion allow for distinguishing different emotions 
based on their component profiles (i.e., discrete emotions approach). From this per
spective, emotions such as joy, pride, hope, anxiety, anger, or shame constitute dis
tinct experiential states that serve specific cognitive, behavioral, and social functions. 
In contrast, dimensional approaches describe emotional experience based on a small 
number of affective dimensions. Valence (pleasant/positive, unpleasant/negative) 
and activation (activating, deactivating) have been proposed as the two most impor
tant dimensions for explaining variation in human affect (Russell, 1978). They can be 
viewed as higher-order factors for classifying discrete emotions as positive activating, 
positive deactivating, negative activating, or negative deactivating (table 5.1). In addi
tion, emotions can be grouped according to their object focus; that is, the type of event 
at which they are directed (Pekrun, 2006). Object focus is important because it deter
mines whether emotions pertain to the learning task at hand or not, thus influencing

Table 5.1
Valence x activation classification of learning-relevant emotions

Activation

Valence

Positive (pleasant) Negative (unpleasant)

Activating Enjoyment Anxiety
Hope Anger
Pride Frustration3

Gratitude Shame
Admiration Envy
Surprise0 Surprise”
Curiosity Confusion

Deactivating Relief Disappointment
Contentment Frustration3

Relaxation Boredom
Sadness
Hopelessness

Note: This classification is derived from established taxonomies of achievement emotions 
(Pekrun & Perry, 2014) and epistemic emotions (Pekrun et al., 2017).
a Frustration can comprise elements of (activating) anger and (deactivating) disappointment. 
b Valence may vary based on the emotion-eliciting event (positive, negative).
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their functions for learning. With regard to learning, including GBL, the following 
groups of emotions may be most important.

Achievement emotions are linked to activities or outcomes that are judged according 
to competence-based standards of quality. Emotions tied to achievement activities such 
as enjoyment or boredom during learning are referred to as activity emotions. Emotions 
that relate to success and failure outcomes are outcome emotions. These include prospec
tive emotions such as anxiety or hope, focusing on future failures and successes, as well 
as retrospective emotions related to past achievement, such as pride, relief, shame, and 
disappointment.

Epistemic emotions are caused by cognitive qualities of task information and the 
processing of that information, such as surprise, curiosity, or confusion. They have 
been labeled epistemic because they pertain to epistemic aspects of cognitive activities, 
including knowledge acquisition (Brun & Kuenzle, 2008; Pekrun, Vogl, Muis, & Sinatra, 
2017).

Social emotions include social achievement emotions, such as admiration or envy, 
that are related to the successes and failures of others, as well as social emotions, such 
as sympathy or hate, that pertain to the qualities of interpersonal relationships. In GBL, 
such emotions may arise when interacting with fellow learner-players (Brom, Sisler, 
Slussareff, Selmbacherová, & Hlávka, 2016) or game characters (Kim & Baylor, 2006). 
Both subgroups of emotions can influence learners' engagement (Linnenbrink-Garcia, 
Rogat, & Koskey, 2011).

Topic emotions are elicited by the contents covered by material to be learned. These 
may be of an empathic nature and, for instance, evoked by the fate of a virtual charac
ter. Other examples include emotions related to controversial scientific events, includ
ing anger and frustration when learning about climate change, for example, with the 
educational game Mission Green (Ghafi, Kamnungan de Ramos, Klein, Lombana Diaz, 
& Songtao, 2011).

Aesthetic emotions are affective responses to the qualities of visual and performing arts 
(Scherer, 2005). Examples include awe, admiration, disgust, joy, or sadness, imbued, for 
instance, by specific musical arrangements (Silvia, 2009). Adaptive functions of these 
emotions involve experiencing pleasure, regulating arousal levels, or social bonding 
(Scherer & Coutinho, 2013). Aesthetic emotions are linked to peripheral elements of 
the environment but may nevertheless shape learning.

Technology emotions are responses to specific technology. Scholarly interest in these 
emotions can be traced back to the 1990s and the spread of information technologies 
into educational, organizational, and private realms. The initial focus was on com
puter anxiety (Powell, 2013) and resulted in the development of emotionally grounded 
models of technology use and acceptance (Davis, 1989) that are still relevant in today's 
media-saturated societies (consider, for instance, experiences of frustration caused by 
limited internet speed; see Butz, Stupnisky, & Pekrun, 2015). Technological advances
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and increasing functional complexity may thus induce both positive and nega
tive emotions toward the learning environment that, in turn, influence task-related 
engagement.

Learners may also be experiencing incidental emotions that are triggered by events 
outside the learning environment (e.g., disputes with siblings). While these are not 
directly tied to learning, they may nevertheless shape learners' engagement in a task. 
For instance, an individual experiencing negative emotions may have difficulty focus
ing on the task at hand.

For most emotions, object focus may vary. For example, frustration may be triggered 
by perceptions of personal incompetence (achievement focus), cognitive incongruity 
resulting from an unsolved task (epistemic focus), contents such as manmade pollution 
(topic emotions), or ongoing hindrances in using the digital interface to interact with 
a learning game (technology focus). As such, attending to the object focus of emotions 
is also pivotal for a deeper understanding of the emotional impacts of different GBLEs.

Emotional Foundations of G BL: An Integrative Framework

As illustrated, GBL is laden with a multitude of emotions that may relate to different 
aspects of the learning situation. In this section, we propose an integrative model of 
emotional foundations of GBL that aims to take this emotional diversity into account 
while highlighting common mechanisms of these emotions that can guide the design 
of emotionally sound GBLEs (see figure 5.3). The basic structure of this model is pro
vided by the control-value theory (CVT) of achievement emotions (Pekrun, 2006; 
Pekrun & Perry, 2014), a platform for research on emotions and learning across dif
ferent research paradigms and educational environments. We extend this framework 
to other groups of learning-relevant emotions by considering the emotional impact of 
cognitive incongruity (Graesser, D'Mello, & Strain, 2014; Muis, Pekrun, et al., 2015), 
Plass and Kaplan's (2016) integrated cognitive affective model of multimedia learning 
(ICALM), and the intelligent tutoring and games framework (ITaG; McNamara, Jack- 
son, & Graesser, 2010), which systematizes affective functions of GBLE features. We 
first address the antecedents of emotions in GBL, then discuss their functions for learn
ing, and finally deduce principles for designing GBLEs from an emotional perspective.

Antecedents of Emotions in GBLEs
Emotions can be stimulated by different factors. Our model considers two groups of 
proximal factors that may be particularly important in GBLEs: (1) appraisals of the self 
and situational contingencies (arrow 1 in figure 5.3) and (2) emotional transmission 
from (actual or virtual) peers or instructors as well as other GBLE features (e.g., musical 
score, arrow 2 in figure 5.3). The influence of distal factors such as learner characteris
tics and GBLE features are thought to be mediated by these factors.



Figure 5.3Integrative model of emotional foundations of GBL.
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Proximal antecedents: appraisal processes Appraisal theories postulate that "usually, 
people's emotions arise from their perceptions of their circumstances" (Ellsworth & 
Scherer, 2003, p. 572). Appraisals are critically important in preparing adaptive thought 
and action via emotion in settings that are shaped by cultural evolution and thus 
require careful interpretation of situational demands, such as learning and achieve
ment settings. Depending on the type of emotion, appraisals can relate to different 
aspects of an event.

Achievement emotions According to the CVT, achievement emotions are determined 
by the perceived controllability and value of achievement activities and outcomes. 
Perceived control pertains to the extent to which one is in command in a given achieve
ment situation, as implied by causal expectancies regarding future tasks (self-efficacy 
and outcome expectations), causal attributions of success and failure, and competence 
appraisals (e.g., self-concepts of ability; see Pekrun, 2006). Perceived value includes sub
jective importance (e.g., stemming from interest or instrumental usefulness) as well 
as direction (positive vs. negative; i.e., goal congruence in terms of events either sup
porting or impeding goal attainment). Rewards or punishments are key game elements 
that shape achievement values and related emotions. The lowered emphasis of failure 
in GBLEs as compared with classroom-based achievement situations may also impact 
learners' value perceptions by shifting the focus from avoiding failure to embracing 
mistakes as a natural part of learning, which we have described as graceful failure (Plass, 
Homer, & Kinzer, 2015).

The CVT posits that achievement emotions are a joint function of perceived con
trol and value (table 5.2). For outcome emotions, expectancies (prospective outcome 
emotions; e.g., hope or anxiety) and attributions (retrospective outcome emotions; 
e.g., pride or shame) are considered important. However, retrospective joy, sadness, or 
frustration may be directly induced by perceived successes or failures (Weiner, 1985). 
For activity emotions, appraisals of personal competence as well as value are seen as 
primary antecedents. Both sufficient control and positive value are required for posi
tive achievement emotions, whereas negative achievement emotions are linked to 
appraisals of low control and sufficient negative value. Boredom, in contrast, is linked 
to lack of either positive or negative value (see the summary of supporting evidence 
in Pekrun & Perry, 2014; see also Putwain et al., 2018, for recent empirical support of 
these assumptions).

Epistemic emotions Epistemic emotions arise when tasks produce cognitive incongru
ity; for instance, by presenting unexpected, contradictory, or complex information 
(e.g., Vogl, Pekrun, Murayama, & Loderet, 2019). In the game Operation ARIES! (Millis 
et al., 2011), designed to teach scientific critical thinking, learners engage in trialogues 
with an expert agent and a peerlike student agent to discuss the methodological quali
ties of empirical studies. To induce incongruity, the agents are staged to disagree on
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Table 5.2
Typical appraisal combinations for major achievement emotions

Emotion Typical scenario

Appraisal

Control Value

Prospective outcome emotions
Joy High expectation of success High Positive
Hope Uncertain expectation of success Moderate Positive
Anxiety Uncertain expectation of failure Moderate Negative
Hopelessness Low expectation of success or high Low Positive/

expectation of failure negative

Retrospective outcome emotions
Joy Success Irrelevant Positive
Sadness Failure Irrelevant Negative
Relief Unexpected success Low Positive
Disappointment Unexpected failure Low Negative
Pride Success caused by internal factors Internal Positive
Shame Failure caused by internal factors Internal Negative
Gratitude Success caused by others' actions External Positive
Anger Failure caused by others' actions or External/ Negative

one's own lack of effort internal
Activity emotions
Joy Positive evaluation of current task High Positive
Anger Negative evaluation of current task 

(e.g., as aversively requiring effort)
High Negative

Frustration Current task involves obstacles Low Negative
Boredom Current task is either insufficiently 

or exceedingly challenging
High or low None

Note: Value refers to the valence of the emotion-eliciting event, with positive = pleasant activity/ 
positive outcome (success) and negative = unpleasant activity/negative outcome (failure). For 
hopelessness, the focus may either be on unattainable success (positive outcome) or unavoid
able failure (negative outcome).
Adapted from Pekrun (2006).

their evaluations of study designs. A typical sequence of epistemic emotions experi
enced in this context can include (1) surprise over the agents* disagreement, (2) curios
ity if surprise is not fully dissolved, (3) confusion if incongruity increases as both game 
agents provide compelling arguments, (3) anxiety in the case of severe incongruity and 
information that disturbs existing beliefs, (4) enjoyment when the problem is solved, 
or (5) frustration or boredom when cognitive equilibrium cannot be restored (Graesser 
et al., 2014).
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In addition to cognitive incongruity, epistemic emotions can be linked to changes 
in learners' control-value appraisals. Perceptions of epistemic control can derive from 
the degree of complexity and uncertainty ascribed to cognitive tasks embedded in the 
learning game, as well as one's perceived ability to cope with this complexity and over
come uncertainty. The extent to which activities are judged to be important and either 
stimulating (positive) or aversive and uninteresting (negative) contributes to the per
ceived epistemic value of the in-game activities.
Social emotions Control-value appraisals may also contribute to the arousal of social 
emotions. Weiner (1985, 1995) proposed that an individual should experience envy 
over another's success if they attribute this success to that person's (uncontrollable) 
ability rather than their (controllable) effort. This approach can be extended by consid
ering the individual's self-directed appraisals of control. Specifically, individuals may 
envy others for their successes if they perceive their own control over their achieve
ment to be low. In this constellation, others' successes or one's personal failures are 
often viewed as undeserved (Feather, 2006). In contrast, if others' successes are per
ceived as deserved, admiration may be triggered.

If another person fails, sympathy or compassion may arise if the individual feels 
in control over their own achievement while perceiving the other person as lacking 
control, undeservingly. Perceiving others' failures as deserved, however, may evoke 
schadenfreude (i.e., joy over another's misfortune). Such emotions may be particularly 
relevant in GBLEs in which students compete with other learners or virtual agents or 
are at least aware of each other's progress and game score as in the competitive variant 
of Factor Reactor, a game designed to train arithmetic fluency in middle school students 
(Plass et al., 2013).

Learning may also involve social emotions beyond achievement. Socially oriented 
appraisals underlying relationship-focused emotions may also involve control and 
value. These are likely linked to perceptions of status (i.e., acceptance vs. rejection) in 
the case of internally directed control appraisals, responsibility and intention in the 
case of external control, and general like versus dislike of others and the importance 
attached to specific relationships (Hareli & Parkinson, 2008). Such affiliative affect may 
be brought into GBL contexts through real-life or virtual interactions between learners 
who already know each other. They can also arise in GBLEs that include more extensive 
social interaction, for instance to enhance conceptual learning through joint elabora
tion (Meluso, Zheng, Spires, & Lester, 2012) or to train social-emotional skills (Niko
layev, Clark, & Reich, 2016).

Topic emotions and aesthetic emotions Appraisal antecedents of these emotions have 
been less studied. Recent work on emotions in science learning has emphasized learn
ers' individual interest toward topics (Hidi & Renninger, 2006) in shaping perceived 
value. Positive values of a topic should foster positive emotions such as enjoyment,
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whereas negatively valued topics may trigger content-related anxiety (e.g., when learn
ing about potential consequences of sociopolitical conflicts) or anger (e.g., when firm 
believers of creationism are confronted with evolutionary perspectives). Individuals' 
convictions regarding the (un)controllability of such events likely also play a role in the 
arousal of topic-related emotions, as suggested by studies examining students' learning 
about environmental issues in hypermedia environments (e.g., Zumbach, Reimann, & 
Koch, 2001).

Aesthetic emotional experience has also been conceptualized as a matter of personal 
perception. Important evaluative dimensions are intrinsic pleasantness (e.g., sensory 
consonance or harmony versus dissonance), controllability of the design (e.g., options 
for adjusting color schemes to one's preferences), and novelty. GBLE designs evaluated as 
pleasant, stimulating, and controllable are linked to increased positive emotions, whereas 
the opposite pattern is characteristic of negative aesthetic emotions (Silvia, 2005).

Technology emotions Personal control over and value of digital tools also impact learn
ers emotionally. Many factors can influence perceived controllability of technological 
devices, including design elements that either facilitate or hinder ease of navigation. In 
combination with perceived utility versus inadequacy of technology, control is expected 
to prompt different emotions in similar ways as it influences achievement emotions 
(table 5.2). For example, technology-related enjoyment is linked to high control and 
high positive value (e.g., usefulness), whereas lower levels of control and lack of value 
assigned to technology are likely precursors of negative emotions such as anxiety or 
frustration (Butz et al., 2015).

Empirical evidence Barring differences in the specific referents of appraisal, we sug
gest a common control-value appraisal pattern across different groups of emotions: 
subjective control is posited to alleviate negative emotions and strengthen positive 
ones, while ascriptions of personal importance should generally intensify emotional 
experiences. Boredom is seen as an exception, as it can involve perceptions of excessive 
personal control and is typically intensified by lack of value (Pekrun, 2006).

Classroom-based research has confirmed that perceived control over learning relates 
positively to students' enjoyment, hope, and pride and negatively to their anger, 
anxiety, shame, hopelessness, and boredom (see the reviews in Pekrun & Perry, 2014; 
Pekrun, 2018). Similar links have been found for students enrolled in online courses 
(Artino, 2009; Marchand & Gutierrez, 2012) or interacting with multimedia (Stark, 
Malkmus, Stark, Briinken, & Park, 2018) as well as virtual reality environments (Note- 
born, Bohle Carbonell, Dailey-Hebert, & Gijselaers, 2012). The perceived value of learn
ing is positively related to both positive and negative emotions, except boredom (e.g., 
Artino & Jones, 2012), confirming that the importance of success and failure ampli
fies these emotions except for boredom. Initial evidence suggests that the relevance of 
control-value appraisals extends to emotions in GBLEs (Sabourin & Lester, 2014).
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Similarly, studies on epistemic emotions during learning have reported positive 
associations between perceived epistemic control and curiosity as well as enjoyment, 
and negative associations with confusion, frustration, and boredom (Muis, Psaradel- 
lis, et al., 2015). Task value correlated positively with curiosity and enjoyment and 
negatively with boredom (Muis, Psaradellis, et al., 2015; Pekrun et al., 2017). These 
relations of perceived competence and value with curiosity or confusion have also been 
observed within Crystal Island (Sabourin & Lester, 2014). Furthermore, several studies 
support the proposed role of control and value in the elicitation of social achievement 
emotions (e.g., Rudolph & Tscharaktschiew, 2014). Finally, Butz et al. (2015, 2016) 
gathered evidence for the appraisal profiles of technology emotions. Perceptions of 
control and usefulness of technology related positively to enjoyment of technology use 
and negatively to anxiety, anger, and boredom.

Taken together, research corroborates the relevance of control-value appraisals 
for different groups of emotions. Most of the available evidence stems from research 
involving learning that is not game based. However, basic functional mechanisms of 
emotions, including their appraisal structures, are posited to generalize across different 
learning settings (see section on contextual specificity versus relative universality of 
emotions). A recent meta-analysis of emotions in technology-based learning environ
ments supports this claim (Loderer, Pekrun, & Lester, 2018). Mean correlations between 
control-value appraisals and emotions followed the theoretically expected patterns and 
remained fairly robust across different types of environments.

Proximal antecedents: emotional transmission Pathways to emotion include affective 
attunement to sensory input (e.g., pictures, music) as well as emotions displayed by 
others. Scherer and Coutinho (2013) distinguish three types of emotional transmis
sion: entrainment, contagion, and empathy (arrow 2 in figure 5.3).

Entrainment has been defined as "the process through which two physical or biologi
cal systems become synchronized by virtue of interacting with each other" (Trost, Labbé, 
& Grandjean, 2017, p. 96). Research has focused on synchronization of autonomic 
physiological (e.g., cardiac activity) and sensorimotor processes (i.e., movement) with 
external auditory rhythms of musical pieces (e.g., beat, tempo). Entrainment subcon
sciously drives changes in emotions by influencing physiological and motor-expressive 
components, a mechanism that may be particularly pertinent to the arousal of aesthetic 
emotions (Scherer & Coutinho, 2013). Importantly, this mechanism may help explain 
previously observed effects of musical score on videogame players' (e.g., Hebert, Béland, 
Dionne-Fournelle, Crête, & Lupien, 2005; Lipscomb & Zehnder, 2004; see also Eich, Ng, 
Macaulay, Percy, & Grebneva, 2007) and learners' (Dickey, 2015) emotions.

Emotions can also be "caught" directly from external stimuli by means of emotional 
contagion. Emotional contagion constitutes a largely unconscious process driven by 
observation and automatic mimicry of expressive cues of others (e.g., facial expression;
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see Hatfield, Cacioppo, & Rapson, 1994). Emotional contagion is likely an important 
driver of convergence between teacher and student emotions in the classroom (Frenzel, 
Becker-Kurz, Pekrun, Goetz, & Lüdtke, 2018). Such contagion may also occur in GBLEs. 
An example is collaborative learning games that allow social interactions with fellow 
learners supported by video or voice chat (Admiraal, Huizenga, Akkerman, & ten Dam, 
2011). Similarly, emotions expressed by digital agents may carry over to learners (Gratch 
& Marsella, 2005). For example, Krämer et al. (2013) showed that participants interact
ing with smiling agents smiled longer than those interacting with nonsmiling agents.

In digital and game-based learning, empathy has been examined for empathic envi
ronments that automatically infer and respond to learners' emotions through agents' 
emotional displays (D'Mello & Graesser, 2012; McQuiggan & Lester, 2007). Conversely, 
learners may attempt to understand emotions expressed by others. For instance, bored 
learners may be intrigued by agents overtly enjoying a task and feel into this positive 
emotion by decoding and reenacting its underlying appraisals. Similarly, in collabora
tive GBL, learners may share their peer's expressed frustration at not being able to solve 
a task (Järvenoja & Järvelä, 2005).

Distal antecedents: learner characteristics Individual characteristics of learners may 
influence their emotional experiences during GBL. This includes physiologically bound 
temperament (arrow 3 in figure 5.3; see also Stemmier & Wacker, 2010). Other cen
tral factors are learners' achievement goals, implicit theories of intelligence, epistemic 
beliefs, aesthetic preferences, gender, and cognitive abilities (arrows 4-6 in figure 5.3).

Mastery-approach goals focused on task mastery and personal improvement should 
direct learners' attention toward the controllability and positive values of learning 
activities, thus fostering enjoyment of learning and reducing boredom. In contrast, 
performance-approach goals focused on outperforming others should direct attention 
toward positive outcome appraisals, and performance-avoidance goals focused on avoid
ing being outperformed by others should shift attention toward negative outcome 
appraisals, thus facilitating positive or negative outcome emotions, respectively. These 
relations have been observed in traditional classroom settings (Pekrun, Elliot, & Maier, 
2006) and in online courses (Yang & Taylor, 2013). Few studies have examined the role 
of achievement goals for learners' emotions in GBLEs (for an exception, see McQuig
gan, Robison, & Lester, 2010).

Learners' implicit theories of intelligence (Dweck & Leggett, 1988) are thought to influ
ence subjective control over learning and thus the arousal of emotions. Learners who 
believe that ability is malleable (incremental theorists) exhibit higher subjective con
trol than learners who view ability as a fixed, inborn trait (entity theorists; King, McIn
erney, & Watkins, 2012). Initial research indicates that positive emotions in digital 
learning and GBL are linked to incremental beliefs, and negative emotions, such as 
anxiety, are linked to entity beliefs (Arroyo, Burleson, Tai, Muldner, & Woolf, 2013; 
Tempelaar, Niculescu, Rienties, Gijselaers, & Giesbers, 2012).
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Gender is expected to influence appraisals and emotions based on gender stereotypes 
regarding competencies in different subject domains. For example, females typically 
report less enjoyment and more anxiety, shame, and hopelessness in mathematics than 
males do (Chang & Beilock, 2016; Frenzel, Pekrun, & Goetz, 2007). These differences 
were driven by differences in control-value appraisals, with females reporting lower 
competence beliefs and less intrinsic value of mathematics (Frenzel, Pekrun, & Goetz, 
2007). These patterns have also been obtained with learners taking online mathematics 
and statistics classes (Tempelaar et al., 2012) or interacting with gamified intelligent 
math tutoring systems (Arroyo et al., 2013).

Gender stereotypes may also explain differences in technology emotions consid
ering that technology is still largely viewed as a male domain. Girls still report sig
nificantly less experience with as well as enjoyment of computers and GBL (Admiraal 
et al., 2014). Gender may also be linked to preferences for game design. Girls have been 
found to prefer narrative development and cooperative games, whereas boys tend to 
prefer games with competitive elements (Admiraal et al., 2014). However, while pre
adolescent boys spend significantly more time (up to 13 hours per week) playing games 
than girls do, many girls also favor stereotypically male videogame genres, including 
first-person shooter games, suggesting that traditional gender differences may be disap
pearing (Homer, Hayward, Frye, & Plass, 2012).

Epistemic beliefs regarding the nature of knowledge and knowing influence the 
arousal of epistemic emotions (Muis, Pekrun, et al., 2015). Cognitive incongruity aris
ing from misalignment between individuals" beliefs and the cognitive quality of a spe
cific learning task may increase perceptions of value resulting from novelty but decrease 
perceived control, which should give rise to different emotions (Trevors, Muis, Pekrun, 
Sinatra, & Muijselaar, 2017). Accordingly, when confronted with learning material pre
senting divergent views on a topic, individuals who view knowledge as consisting of 
definite information determined by a single authority are likely to experience surprise, 
confusion, anxiety, or frustration. In contrast, those who endorse constructivist beliefs 
and view knowledge as complex and requiring careful evaluation may experience curi
osity and enjoyment (Muis, Pekrun, et al., 2015). As such, GBLEs may differ in their 
epistemic appeal to individuals.

Individuals may also differ in their aesthetic preferences regarding color schemes or 
musical arrangements (Plass & Kaplan, 2016; Street, Forsythe, Reilly, Taylor, & Helmy, 
2016) that influence how they respond emotionally to GBLE design. Recent research 
has also sought to identify links between aesthetic emotions and personality traits. 
Fayn, MacCann, Tiliopoulos, and Silvia (2015) showed that individuals higher on the 
Big Five trait "openness to experience" are more likely to experience interest when 
confronted with novel or unusual design elements.

As cognitive ability and prior knowledge influence achievement, they facilitate posi
tive achievement emotions and reduce negative ones. This link may be mediated by
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the impact of success and failure on appraisals of control and value (Reeve, Bonac- 
cio, & Winford, 2014). Similarly, prior experience with technology typically shows 
positive relations with positive technology-focused emotions such as enjoyment and 
negative relations with negative technology-focused emotions (e.g., Cheung & Sachs, 
2006).

Distal antecedents: emotional design of GBLEs Our model posits that characteris
tics of GBL can affect learners' emotions by influencing their appraisals, by emotional 
transmission, and by shaping their beliefs (arrows 9-11 in figure 5.3). This opens a 
wealth of possibilities for creating emotionally sound GBLEs, which we will discuss. As 
design decisions should be guided by knowledge regarding adaptive and maladaptive 
functions of emotions for GBL, we first examine how different emotions may foster or 
impede learning with games.

Functions of Emotions for GBL
Both the cognitive-motivational model of emotion effects that is part of the CVT (Pek- 
run, 2006) and the ICALM (Plass & Kaplan, 2016) argue that emotions impact learn
ing outcomes through cognitive and motivational mechanisms (arrows 7 and 8 in 
figure 5.3). This idea is grounded in research showing that affective states influence 
learning-relevant cognitive processes such as allocation of attention, memory storage 
and retrieval, and problem solving, as well as motivational tendencies and behavior 
(Barrett, Lewis, & Haviland-Jones, 2016). We consider four mechanisms that are of par
ticular importance.

Motivational processes Positive activating emotions (table 5.1) can mobilize motiva
tional energy and fuel learning. Specifically, enjoyment and curiosity during gameplay 
can reinforce investment of effort in learning tasks (e.g., Vogl et al., 2019). Positive 
outcome emotions such as pride of having mastered a difficult task and subsequently 
feeling hopeful in tackling the next game level can also provide powerful sources of 
motivation to learn. This may apply to positive social achievement emotions as well, 
such as admiring others.

Negative motivational effects are expected for negative deactivating emotions such 
as boredom aroused by monotonous narrative structures of GBLEs, or hopelessness 
emerging from repeated failures to complete tasks and proceed through the game. 
Boredom especially may increase tendencies to engage in off-task behavior such as 
playing around with personalization features of one's game avatar (Snow, Jackson, Var
ner, & McNamara, 2013) or gaming the system; that is, attempting to "succeed in an 
educational environment by exploiting properties of the system's help and feedback 
rather than by attempting to learn the material" (Baker et al., 2008, p. 186). Gaming 
the system to avoid learning is commonly observed not only in intelligent tutoring sys
tems or online course formats but also in learning games intended to engage students
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through fun activities and aesthetically appealing design (Baker, D'Mello, Rodrigo, & 
Graesser, 2010; Loderer et aL, 2018).

Positive deactivating and negative activating emotions often have variable motiva
tional effects. Positive deactivating emotions such as relief over unexpected success can 
undermine immediate motivation to invest effort but may reinforce commitment to 
individuals' achievement goals and reengagement with the learning task in the long 
term. Negative activating emotions such as anxiety and shame can undermine intrin
sic motivation to learn but can induce strong extrinsic motivation to increase effort 
and avoid failure, which has been observed both in the classroom (Turner & Schallert, 
2001) and across various digital learning environments (Loderer et al., 2018). Anger or 
envy in response to others' achievements may also motivate students to learn more 
and outperform peers.

Cognitive resources Resource allocation models of emotion (Ellis & Ashbrook, 1988), 
as well as cognitive load theory (Sweller, 1994), suggest that emotions impose an extra
neous cognitive load; that is, they make demands on working-memory resources, 
which are then not available to perform complex tasks. The CVT and ICALM propose 
a more nuanced view that considers the object focus of emotions. Emotions with task
external referents, such as joy over weekend plans or frustration about nonfunctioning 
technology, disrupt attentional focus. In contrast, enjoyment or curiosity targeted at 
the learning activity may focus attention on task completion. Multimedia learning 
studies employing eye tracking to measure attention indicate that positive emotions 
induced via autobiographical recall prior to learning can distract attention and under
mine learning (Knörzer, Brünken, & Park, 2016). However, positive states induced 
through visual elements of multimedia environments can reduce self-reported cogni
tive load (Plass, Heidig, Hayward, Homer, & Um, 2014; Um, Plass, Hayward, & Homer, 
2012) and sustain attentional focus on relevant information (Park, Knörzer, Plass, & 
Brünken, 2015). Recent work has also shown that decorative pictures accompanying 
instructional texts in multimedia learning environments can be beneficial for learning 
when pictures have a positive affective charge and are strongly connected to the con
tent of the material to be learned (Schneider, Dyrna, Meier, Beege, & Rey, 2018).

These positive effects stand in contrast to negative effects seductive details have on 
learning gains (e.g., Lehman, Schraw, McCrudden, & Hartley, 2007). One explanation 
for positive effects of some features of aesthetic design maybe that these features prompt 
low-intensity positive moods that boost learners' motivation to stay focused without 
distracting attention away from relevant material (Park, Flowerday, & Brünken, 2015).

Memory processes and learning strategies Emotions facilitate different modes of pro
cessing contents covered by GBLEs. Experimental mood research indicates that positive 
states promote top-down, relational, and flexible processing, whereas negative states 
lead to bottom-up, analytical, and more rigid thinking (Fiedler & Beier, 2014). One
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implication is that emotions impact storage and retrieval of learning material. While 
positive emotions can lead to enhanced integration of information in memory, nega
tive states can increase precision in processing single units of information (Spachtholz, 
Kuhbandner, & Pekrun, 2014; see also Kuhbandner & Pekrun, 2013, for affective influ
ences on retrieval-induced forgetting). This is likely to be the case during GBL as well.

Accordingly, positive activating emotions should promote the use of flexible and 
deep learning strategies such as elaboration, organization of material, or critical think
ing. However, select negative activating emotions such as confusion may also catalyze 
critical thinking and elaborative processing as a means of reducing cognitive incongru
ity during gameplay. Negative activating emotions such as anxiety or shame, in turn, 
should primarily facilitate rigid rehearsal of material. In contrast, deactivating emo
tions can undermine any strategic efforts, yielding superficial processing. This may be 
particularly true for negative deactivating emotions such as boredom or hopelessness.

Supporting evidence can be found not only for emotions in traditional learning 
environments (Pekrun & Linnenbrink-Garcia, 2014a) but also in digital learning envi
ronments (Artino & Jones, 2012; Loderer et al., 2018; Plass et al., 2014; Um et al., 2012). 
For GBL, Sabourin and Lester (2014) showed how students" emotions related to their 
inquiry strategies in solving Crystal Island's mystery. Students reporting enjoyment 
and curiosity engaged in more effective problem solving by gathering goal-relevant 
information and testing meaningful hypotheses as compared with learners who experi
enced frustration or boredom. Curiosity was positively related and boredom negatively 
related to problem-solving efficiency (i.e., number of lab tests conducted, time taken 
to deduce the solution).

Self-regulation of learning Self-regulation requires flexibility to adapt thought and 
action to task demands and individual goals (Azevedo, Johnson, Chauncey, & Burkett, 
2010). This is particularly important in GBLEs that put learners in charge of manag
ing their own learning, for instance by providing open-ended environments. Because 
positive activating emotions promote flexible strategy use, they are expected to facili
tate self-regulation of learning. Negative emotions, such as anxiety or shame, in turn 
facilitate reliance on external guidance. In contrast, negative deactivating emotions 
likely reduce overall engagement in learning. Accordingly, enjoyment and curiosity 
have been found to relate positively, and boredom to relate negatively, to learners' self
regulation (Artino & Jones, 2012; Muis, Psaradellis, et al., 2015; Pekrun et al., 2002).

Learning outcomes Given the multifaceted impact of emotions on various functional 
mechanisms of learning, their effects on overall learning outcomes are inevitably com
plex. Net effects likely depend on the interplay between task demands, learner char
acteristics (e.g., working-memory capacity, acquired strategies for self-regulating GBL), 
and different cognitive and motivational processes triggered by emotion. Positive 
activating emotions likely enhance learning under most conditions. Accordingly, our
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meta-analysis revealed significant positive relations of enjoyment and curiosity with 
achievement across diverse technology-based environments, including GBLEs (Loderer 
et al., 2018). In contrast, negative deactivating emotions, such as boredom, are gener
ally detrimental to learning (Tze, Daniels, & Klassen, 2016).

Achievement effects of positive deactivating and negative activating emotions are 
more difficult to predict. Positive deactivating emotions may reduce task attention 
and strategic efforts but increase long-term motivation to learn. It is an open question 
whether the interplay of these mechanisms facilitates or reduces overall achievement. 
Negative activating emotions produce task-irrelevant thinking and undermine intrin
sic motivation to learn but can promote extrinsic motivation and facilitate rehearsal of 
contents, which can be conducive to specific GBLE tasks, such as rule memorization. 
However, the modal impact of these emotions on cognitive outcomes is likely to be 
negative (Goetz & Hall, 2013).

In sum, emotions are important drivers and not mere by-products of learning. How
ever, simply equating pleasant emotions with positive effects, and unpleasant emo
tions with negative effects, on learning does not adequately capture the complex ways 
in which emotions can impact GBL.

Theoretical Corollaries
Feedback loops between emotions, their antecedents, and their outcomes Our 
model proposes that emotions, their antecedents, and their outcomes are linked by 
reciprocal causation (arrows 12-17 in figure 5.3; see also Pekrun, 2006). GBLEs and 
learner characteristics shape emotions through individual appraisals and emotional 
transmission, and these emotions in turn impact learning. However, emotions can 
also feed back into learners' appraisals. For instance, being curious about game con
tents can grow appraisals of intrinsic value of these contents. Furthermore, learning 
activities and their outcomes reciprocally influence emotions and their antecedents 
(Pekrun, Lichtenfeld, Marsh, Murayama, & Goetz, 2017). Success and failure at learn
ing are critical sources of learners' competence beliefs and the emotions driven by 
these beliefs.

In classroom contexts, learners' expressed emotions and achievements can shape 
the reactions of teachers or peers, including emotional responses (e.g., pity) as well 
as instrumental behavior (e.g., design of appropriate learning tasks). Similarly, dur
ing GBL, players' emotions may be reciprocated by emotionally expressive virtual or 
human instructors or peers. Affect-aware GBLEs offer remediation to combat ineffec
tive learning or uphold adaptive emotions based on real-time diagnosis of learners' 
cognitive, motivational, or emotional states (Calvo & D'Mello, 2012). Thus, learners' 
emotions may reciprocally influence the concurrent configuration of GBLEs, which, in 
turn, shapes their subsequent emotional trajectories (arrows 18-23 in figure 5.3).
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Contextual specificity versus relative universality of emotions during learning We 
extend insights from general emotion research to GBLEs because functional mecha
nisms of emotions, including their linkages with appraisal antecedents and learning 
outcomes, are thought to be universal across individuals, genders, subject domains, 
cultures, and different learning environments. Basic functions of emotions are bound 
to species-specific characteristics of the human psychological apparatus, such that law
ful processes in emotional experience are a genuine, universal characteristic of human 
nature (Pekrun, 2018).

However, as individuals may differ in their appraisals and susceptibility to emo
tional transmission, they may respond differently to objectively similar events. This 
property of emotional functioning is also endorsed by the CVT, which emphasizes that 
incidence rates, intensity, and decay rates of emotions may vary as a function of indi
vidual differences, learning environments, and cultures. An important case in point 
is differences in emotions experienced in GBLEs versus other learning environments. 
Playful learning is often described as affectively adaptive, which is supported by stud
ies showing that students who learn with a game report more enjoyment than those 
receiving standard training (e.g., Jackson & McNamara, 2013). This difference is likely 
linked to different perceptions of the two environments, with the playful variant trig
gering evaluations that were more favorable.

Studies examining relative universality have demonstrated that levels of emotions 
can vary across academic domains, genders, settings (e.g., homework vs. classroom 
learning), and cultures. However, linkages of emotions with control-value appraisals 
and achievement are largely invariant across these dimensions (see the review in Pek
run, 2018). Similarly, in the meta-analysis by Loderer et al. (2018), relations between 
emotions and appraisals, as well as learning outcomes, were largely invariant across 
type of technology-based learning environment, gender, and cultural context. By 
implication, the cause-and-effect mechanisms of emotions outlined in the previous sec
tions provide a foundational set of guidelines for designing emotionally sound learning 
environments. Next, we discuss how these can be realized in game-based settings.

Implications for the Emotional Design of GBLEs

Learning games aim to boost learning outcomes by providing platforms for playful and 
thus enjoyable interaction with contents. These interactions need to be thoughtfully 
designed to have this effect (Plass et al., 2015). Merely adding game elements, such 
as reward systems, to tedious activities or poorly constructed tasks results in environ
ments often described as "chocolate-covered broccoli" (Laurel, 2001) that actually give 
rise to frustration or boredom. Whereas research on the impact of GBLE design on 
learner emotions is still sparse, meta-analyses show that differences between motiva
tion during learning games and motivation during nongame instruction are generally
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small but positive (Clark, Tanner-Smith, & Killingsworth, 2016: g = 0.35; Wouters, van 
Nimwegen, van Oostendorp, & van der Spek, 2013: d = 0.26).

Learners vary in their beliefs, design preferences, and prior knowledge, predispos
ing them to different emotional reactions. Learning also involves natural phases of 
joy, anxiety, confusion, or frustration, especially during complex learning. However, 
research indicates that applying principles of emotional design can enhance learn
ing for all individuals (Plass & Kaplan, 2016). In this section, we discuss how GBLE 
design may influence learners' emotions (arrows 9-11 and 18-23 in figure 5.3) and 
deduce general principles for game design from an emotion perspective. Following the 
approach in Plass et al. (2015), we will describe the effects of visual aesthetic design, 
musical score, game mechanics, narrative, and incentive systems.

Visual Aesthetic Design
One of the first features learners notice about an educational game is its "look." Accord
ing to Egenfeldt-Nielsen, Smith, and Tosca (2008, p. 129), visuals "add to the atmo
sphere, provide a sense of realism, and generally make the world seem alive." In our 
meta-analysis, learners' curiosity differed across aesthetic designs of learning environ
ments (Loderer et al., 2018). While visual GBLE design may appear as a superficial qual
ity, learners may disengage or even choose not to play a particular game if its overall 
look and feel is unappealing (McNamara et al., 2010).

Basic emotion-relevant features of visual design include shape and color. Color 
influences mood. Wolfson and Case (2000) provide evidence that warm red coloring 
elicits greater feelings of arousal than cool blue coloring. Um et al. (2012) found that 
infusing multimedia learning environments with bright and saturated warm col
ors (yellow, pink, and orange) increased learners' positive emotions and enhanced 
their comprehension as well as knowledge transfer compared to a neutral environ
ment using grayscale colors, a finding that has been replicated by Mayer and Estrella 
(2014). However, other findings suggest that the color red may signal "danger" or, in 
achievement contexts, "failure" (Elliot, Maier, Moller, Friedman, & Meinhardt, 2007; 
Gil & Le Bigot, 2016), thus prompting negative emotions, whereas green colors can 
evoke positive associations of hope, growth, and success (Lichtenfeld, Elliot, Maier, 
& Pekrun, 2012). Moreover, children tend to connect bright colors with positive 
emotions and dark colors with negative ones (Boyatzis & Varghese, 1994). However, 
there may be cultural and individual differences in color preference (Taylor, Clif
ford, & Franklin, 2013) such that it may be useful to adapt color schemes to personal 
tastes. This can be extended to other visual design elements—enabling learners to 
modify design aspects such as icons may enhance enjoyment of learning by increas
ing perceived control and intrinsic value through player autonomy (Cordova & Lep
per, 1996).
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Shape design can also influence learners' emotions. Plass et al. (2014) showed that 
round, facelike shapes in a multimedia learning environment induced positive emo
tions. This may be because round shapes resemble human physiognomy and baby
like qualities connoted with positive attributes such as innocence, safety, and honesty 
(baby-face bias; see Plass & Kaplan, 2016). Shape and color may also serve to highlight 
contrast and guide attention to increase positive emotions and reduce negative ones by 
helping learners experience mastery and personal control. This also applies to higher- 
order visual effects, such as learning from dynamic simulations of scientific phenom
ena (Plass, Homer, & Hayward, 2009).

In a similar vein, the visual appearance of agents that are used in some environ
ments may modulate learners' emotions. This can be done simply by adhering to 
general rules of aesthetics but also by manipulating the perceived similarity between 
learners and the agent (Domagk, 2010). Physical attractiveness as well as realistic, life
like design and motion can positively impact learners' affective responses to virtual 
characters (Shiban et al., 2015). Agents that resemble the learner in age, gender, and 
expertise (i.e., peer vs. expert agents) are more positively evaluated by learners and 
more effective at increasing positive emotions (Arroyo et al., 2013; Baylor, 2011). In 
GBLEs that permit learners to create virtual selves (i.e., avatars), the ability to custom
ize these avatars positively affects players' identification with them (Turkay & Kinzer, 
2014), and fidelity in visual representation likely influences the general intensity of 
learners' emotional involvement in the game (Yee & Bailenson, 2007). For games 
based on fantasy worlds or fictional realms, however, agent realism may be less help
ful emotionally.

Musical Score
GBLEs often rely on sound and music to enliven their narrative. Auditory stimuli 
can increase learners' enjoyment by extending the sensory experience. In addition, 
music may directly influence emotions via rhythmic entrainment or associations to 
real-world events induced by emotional tone. The addition of audible feedback may 
increase the perceived pleasantness of gameplay, irrespective of specific audio charac
teristics (Nacke, Grimshaw, & Lindley, 2010). By exposing participants to several vari
ants of a Mozart sonata, Husain, Thompson, and Schellenberg (2002) found that a 
higher musical tempo increased perceived arousal, whereas mode (major vs. minor) 
impacted emotional valence. Enjoyment ratings and subsequent performance on a spa
tial abilities task were highest for the fast-major rendition, confirming that positive 
activating states are particularly conducive to cognitive performance.

A closely related design feature is the vocal sound of nonplayer characters. Baylor 
contends that "research conclusively indicates that having a human (as opposed to a 
computer-generated) voice is preferable to enhance social presence" and that for the 
design of nonplayer characters "a human voice can lead to increased interest" (Baylor,
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2011, p. 295) since it is perceived as more appealing. According to Nass and Brave 
(2005), important features to attend to in terms of implementing authentic and pleas
ant voices concern (1) volume, (2) pitch and prosody, and (3) rate of speech. In addi
tion, vocal sounds may infect learners via emotional contagion. For example, an agent 
voicing excitement over embarking on an in-game quest may entice learners to join in 
this positive emotional activation.

Acoustic characteristics of GBLEs may also influence their effectiveness in guiding 
attention to important contents and emotional events within the game, such as an 
approaching enemy (Collins, 2009; Pawar, Hovey, & Plass, 2017). Explanations that 
must be integrated with information presented visually (e.g., diagrams) typically lead 
to better retention if presented in auditory rather than visual mode, particularly in 
cases where both sources of information are essential for understanding and are thus 
complementary (e.g., Fiorella, Vogel-Walcutt, & Schatz, 2012). Sound can also be used 
to give feedback on task performance and make learners aware of mistakes. Such sound 
feedback can be used to downplay failure or add a celebratory note to success, thus 
inducing positive emotions.

Game Mechanics
Game mechanics refers to the sets of rules and activities afforded to the learner 
throughout the game (Ke, 2016; Plass et al., 2015). Key dimensions include the overall 
match between overt game mechanics and underlying learning goals (e.g., skills to be 
practiced), task clarity, task demands, scaffolding, and social interaction. These task 
qualities can strongly affect both actual mastery and perceived competence, and thus 
learners' emotions during gameplay.

Game mechanics and learning content A well-developed game for learning should 
include targeted learning mechanics that were informed by learning theory and that 
are instantiated as corresponding game mechanics (e.g., calculating angles within the 
framework of building an in-game character's house; Plass et al., 2012). Designers of 
learning games need to develop activities that provide learners with opportunities 
to engage effectively with learning materials. Mismatches between targeted learning 
outcomes and actual learner activities afforded by the game mechanic limit cognitive 
effectiveness and run the risk of reducing self-efficacy and prompting negative emo
tions such as frustration.

Task clarity and demands Comprehension can be enhanced by considering known 
constraints (e.g., limited working-memory capacity) and reducing extraneous cognitive 
load to facilitate information processing (Plass et al., 2009). As ease of comprehension 
translates to higher self-efficacy, enhancing clarity should be emotionally beneficial. 
Game designers may, for example, represent key information through iconic rather 
than symbolic information, which requires higher mental effort (Plass et al., 2009).
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The relative difficulties of tasks can also influence perceived control over learn
ing, and the match between task demands and competencies can influence learn
ers' valuation of the learning game, further affecting their emotions. Demands that 
are either too high or too low may reduce the intrinsic value of tasks to the extent 
that boredom is aroused (Pekrun, 2006). However, there may be circumstances where 
cognitive impasses induced by high demands can increase learning gains. D'Mello, 
Lehman, Pekrun, and Graesser (2014) used a modified version of OperationARIES! to 
induce confusion through staged disagreements between virtual agents when training 
scientific reasoning, which led to increased retention and knowledge transfer. Confu
sion can be elicited through provision of unexpected, counterfactual, or contradictory 
information, false feedback, and tasks that exceed learners' current skills. However, to 
be productive, confusion needs to lead to resolution activities, which requires that the 
learner have the capability to resolve the confusion and that the GBLE provide appro
priate scaffolds when needed (D'Mello, Blanchard, Baker, Ocumpaugh, & Brawner, 
2014, p. 41).

Scaffolding Cognitive scaffolding includes adjusting the task difficulty, repeating 
content, providing supplemental explanations, using advance organizers to structure 
information and facilitate navigation in the game space, and supportive messages by 
game characters (Arroyo, Muldner, Burleson, & Woolf, 2014). Metacognitive scaffold
ing guides learners toward effective problem solving (e.g., providing hints, rephras
ing problem statements), modifies ineffective strategies (e.g., "Let's think again: What 
are the steps we have to carry out to solve this one?" Arroyo et al., 2014, p. 82), and 
prompts goal setting and self-monitoring. The meta-analysis by Loderer et al. (2018) 
found that scaffolding resulted in higher levels of enjoyment, likely due to positive 
effects on perceived control over learning.

However, the dosage of such interventions may modulate their impact on mastery 
perceptions. Frequent reminders or calls to change one's learning approach may hinder 
rather than promote self-regulation and result in a loss of perceived autonomy and 
control. Therefore, intelligent games that infer learners' cognitive states, account for 
individual differences in prior knowledge as well as learning pace, and "interfere" only 
where necessary may be most effective Canning, Schatten, & Schmidt-Thieme, 2016). 
Promising developments also include algorithms that allow learner-controlled problem 
selection in gamified intelligent tutoring systems, including open learner models (e.g., 
visualizations of a system's learning analytics that reveal learning progress; see Long & 
Aleven, 2017) or provision of customized cues (e.g., "That was too easy for you. Next 
time, go for a more challenging problem—it's much more exciting and it will help you 
increase your learning!" Arroyo et al., 2014, p. 81). Such scaffolds may help avert loss of 
control when students are overwhelmed by too much autonomy (e.g., because of poor 
planning and monitoring capabilities).
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Social interaction Games can involve social interaction with fellow players or virtual 
agents. Social interaction can influence learners' emotions in two ways. First, interlocu
tors may influence one another via emotional contagion and empathy. This makes it 
possible to regulate learners' emotions through modeling (e.g., enthusiastic expression 
and exclamations such as "This looks like fun!"), parallel empathy (i.e., replicating 
the learner's state), and reactive empathy (i.e., displaying emotions that differ from 
the learner's state in order to alter it). The features of agent design described earlier 
may be important moderators of the effectiveness of such interventions. For instance, 
realistic agents might provide more convincing role models and thus more powerful 
interventions.

Second, opportunities for social exchange may fulfill students' needs for related
ness, thus making the game more enjoyable (Sheldon & Filak, 2008). However, social 
contact per se may not suffice in building positive emotion: the perceived quality of 
interaction is key (Heidig & Clarebout, 2011). Supportive, empathy-driven interaction 
may be most beneficial. For instance, polite "face-saving" measures such as delivering 
hints using collective formulations (e.g., "How about we solve for x?") instead of direc
tives (e.g., "You need to solve for x"; Lane, 2016, p. 51) can positively impact learners' 
affective responses.

In addition, the cooperative or competitive structure of interaction can influence 
students' emotions by impacting their goals during learning. While both cooperative 
and competitive formats may increase situational interest and enjoyment relative to 
individual modes of play, cooperation seems to be most effective (Ke & Grabowski, 
2007), except for the acquisition of procedural skills, where collaborating and negotiat
ing with others may reduce performance and competition and individual learning may 
be more efficient (Plass et al., 2013). Competition can prompt performance-avoidance 
goals (Murayama & Elliot, 2012), which shift learners' focus toward possible failure 
and lack of control, thus making negative emotions more likely. Moreover, competi
tive goal structures imply that some individuals have to experience failure and are thus 
"predestined" to experience negative emotions. As such, cooperative game formats, 
perhaps interspersed with appropriately scaffolded competitive activities, may be most 
conducive to encouraging learners' positive emotions.

Narrative
Well-constructed narratives are gripping because they entail a delicate balance of 
adhering to common episodic schemas creating expectations about upcoming events 
while at the same time building suspense that sustains attention (McNamara et al., 
2010). Narrative can increase enjoyment during GBL (Cordova & Lepper, 1996). Effec
tive games include compelling story lines that contextualize learning and provide an 
overarching framework connecting rules of play, in-game character roles, events, and 
incentives.
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The success of a game's story line may derive from its alignment with the knowl
edge or skills to be taught. Such alignment is essential to the meaningfulness of nar
rative (Ke, 2016). However, meta-analytic findings suggest that games using irrelevant 
or little-developed story lines produce higher learning outcomes than games with a 
highly relevant and developed plot, suggesting that "some thin narratives are incred
ibly engaging, whereas some thick narratives may be dull" (Clark et al., 2016, p. 113) 
or too complex for students to follow. Thus, a narrative's accessibility and genuine 
entertainment value (e.g., creation of suspense, inclusion of humoristic elements) may 
be more critical for sparking curiosity and enjoyment. Creating credible agent per
sonalities involves decisions about communication styles (i.e., formal vs. colloquial), 
which should vary with agents' specific functional roles (e.g., expert vs. peer agent or 
protagonist vs. antagonist; see Johnson & Lester, 2016).

Games allow nonlinear narrative structures that enable learners to see their actions 
impacting the game environment, which can increase perceived control. Narrative may 
be most engaging when it does not simply serve to advance the story but when the 
interplay of narrative and player choices actually constructs the story (Dickey, 2015). 
Student-centered narrative design that involves learners in story creation may enhance 
valuation of the game as well as perceived autonomy and control (Whitton & Hollins, 
2016). To the degree that plot development is contingent on successful task completion, 
it also allows providing feedback without overtly emphasizing failure, thus dampening 
potentially harmful effects of making mistakes on learners' perceptions of competence.

Incentive System and Feedback
Learning games include specific incentives (i.e., reward and punishment) that seek to 
keep learners motivated. Incentive systems include progress bars, point score systems, 
badges, opportunities to change the environment (e.g., appearance of one's avatar), 
or access to game levels and virtual goods. Incentives impact learners' perceptions of 
the value of activities. Because they are typically contingent on learners' in-game per
formance, they also comprise feedback about individuals' learning progress that influ
ences their perceived control.

The instrumental value of incentives within the game can vary. Rewards that entail 
access to additional fun activities or unlock new levels with new content focus on 
building value through inherently valuable content. Such incentives may be particu
larly conducive to increasing enjoyment or curiosity by boosting interest (McNamara 
et al., 2010). Extrinsic incentives include rewards that allow learners to trade earned 
points for their choice of avatar design or color scheme, or tallying scores for compari
son with other players through leaderboards. Such incentive systems can enhance the 
value of learning through external compensation. They may provide an important 
means for emotionally engaging learners who perceive the content as having little 
appeal and can serve as a means to build interest value.
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Incentives can also differ in their emphasis on specific goal orientations. Different 
standards for defining achievement can imply individualistic (mastery), cooperative, 
or competitive (normative) goal structures. These structures can be communicated 
through rules for awarding points (e.g., for individual improvement vs. outper
forming other players) and by feedback messages (e.g., referencing improvement 
in correct solutions vs. how one performed in relation to others). Incentives and 
feedback reflecting mastery- or performance-approach goals can facilitate positive 
emotions (Pekrun, Cusack, Murayama, Elliot, & Thomas, 2014). Mastery standards 
and mastery-approach goals are held to be most adaptive, because they may lead 
learners to focus on the intrinsic values of game activities. Normative standards and 
performance-approach goals may nonetheless challenge and excite learners to engage 
with the learning game.

Evidence collected by Plass and colleagues (see Biles & Plass, 2016) suggests that 
administering badges focused on social comparison (e.g., "You figured out the straight 
angle rule faster than most players!") can lead to higher learning outcomes than mas
tery badges (e.g., "You have mastered the triangle rule!"). In the mastery condition, 
learners reporting high situational interest in the game's contents performed better 
than those with low situational interest. Situational interest did not affect performance 
in the performance badge and no badge conditions. These findings point to interac
tions between goal-priming incentives and interest, but more research is needed to 
clarify these relations.

Mastery-oriented feedback can be augmented with control-enhancing statements 
derived from attributional retraining (Perry, Chipperfield, Hladkyj, Pekrun, & Hamm, 
2014). Arroyo et al. (2014) showed that focusing agent-delivered feedback on the con
trollability of learning and the importance of effort (e.g., "Good job! See how taking 
your time to work through these questions can make you get the right answer?" Arroyo 
et al. 2014, p. 81) can reduce negative emotions such as frustration and anxiety. Such 
messages seek to regulate learners' emotions by prompting adaptive control appraisals. 
To reduce boredom, feedback can focus on appraisals of the utility value of learning 
contents (see Harackiewicz & Priniski, 2018).

Two additional factors are learner choice and salience of rewards. A choice between 
different rewards can increase perceived autonomy and control over learning but may 
come at the cost of learners becoming sidetracked by peripheral elements such as ava
tar modification (McNamara et al., 2010). For salience, visually elaborate or acousti
cally supported presentation of extrinsic rewards can enhance their emotional pull 
but may undermine intrinsic valuation of the learning game—a critical effect, espe
cially if rewards are presented frequently (Abramovich, Schunn, & Higashi, 2013). Con
stantly flagging badges can overemphasize the value of achievement at the cost of the 
game's playfulness, which can be particularly detrimental to learners who struggle and 
experience failure. Formulating feedback and awarding incentives based on individual
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learner progress rather than raw achievement, as outlined by Arroyo et al. (2014), may 
help alleviate this issue.

In sum, crafting emotionally effective learning games requires a host of decisions 
at different levels of game design. Design strategies map onto different phases of the 
emotion process. They can target appraisal antecedents of learners' emotions through 
appropriate construction of game mechanics and tasks, narrative structures, visual and 
sound elements, and incentive structures, as well as the emotion itself through design 
features that enable emotional contagion or empathy.

Open Questions and Directions for Future Research

Emotions are powerful drivers of learning across all types of learning environments. 
However, compared with the number of studies focusing on cognitive aspects of learn
ing games and game design, emotion research is lagging behind. We outline five major 
directions for future research on emotions in GBL. These areas echo questions that con
cern the field of educational emotion research as a whole, which suggests that collab
orative efforts are needed to advance this field (Pekrun & Linnenbrink-Garcia, 2014b; 
Plass & Kaplan, 2016).

Clarifying the Construct Domain of Emotions
Future work needs to address boundaries between domains distinguishing emotion 
from adjacent categories, as well as the internal structures of these domains. There is 
general consensus that emotions such as joy, anger, or anxiety are core members of the 
domain of emotions, but there are other constructs for which this is unclear, such as 
metacognitive feelings. For internal structures, it remains unclear whether dimensional 
or discrete emotion approaches are better suited for describing a learner's affect. For 
game design, this makes a crucial difference in terms of the emotional granularity con
sidered. D'Mello, Blanchard, Baker, Ocumpaugh, and Brawner (2014) argue that dis
crete representations are preferable to dimensional ones when devising affect-sensitive 
instructional strategies, because emotions of the same dimensional category (e.g., nega
tive activating anxiety vs. anger) can have different antecedents that require different 
regulation strategies. In addition, parameters of emotions (e.g., intensity, expressive 
behavior) can vary between individuals and cultures, implying that any approach to 
emotion definition and emotional design needs to be validated across different groups 
of learners.

Dynamic and Multimodal Measurement of Emotions
Educational researchers and computer scientists have made significant headway toward 
implementing online assessment of emotion by considering different "channels," such 
as physiology, facial expression, and subjective feeling, and examining how technology
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inherent to the learning environment can be used to measure emotions in more holis
tic ways (D'Mello, Dieterle, & Duckworth, 2017). While the accuracy of these methods 
leaves room for improvement, this direction is promising. First, automated multichannel 
methods consider the multicomponent nature of emotions. Supplementing self-report 
with measurement of facial expressions or physiological processes may improve mea
surement validity, as not all emotion components are consciously accessible. Second, 
such approaches take the dynamic nature of emotion into account, providing a richer 
analysis of fluctuations in learners' emotions through continuous real-time assessment. 
This is of central importance for developing emotion-sensitive games. Automated meth
ods also afford continuous assessment of emotion without interrupting the natural flow 
of learning and circumvent response biases such as social desirability.

Evaluating the Emotional Design of GBLEs
Researchers have begun to consider how learning environments, both classroom and 
technology based, can be shaped in emotionally sound ways (Lester et al., 2014; Plass 
& Kaplan, 2016). However, there is a need for a more systematic, rigorous evaluation 
of the impact of design features of learning games on emotions conducive to learn
ing. Emotional effects of design choices need to be examined more closely at all levels 
of game design (i.e., visual and sound design, game mechanics, narrative, and incen
tive structures; see figure 5.3). In doing so, possible transitions and influences between 
different emotions should be examined. For example, GBLEs hold great potential for 
inducing positive aesthetic emotions, so it would be useful to know whether these 
emotions also foster learners' intrinsic valuation of learning and learning-directed 
emotions. Answers to such questions may also settle the ongoing debate on the seduc
tive detail effect (Park, Flowerday, & Brunken, 2015) by shedding light on whether 
emotions triggered by decorative GBLE elements can promote enjoyment of learning, 
motivation to invest effort, and ultimately learning outcomes.

Considering Inter- and Intraindividual Factors in the Emotional Design of GBLEs
The majority of studies in educational psychology have relied on between-person 
analyses, and emotion research is no exception. Whereas analyses based on covaria
tion between persons are well suited for investigating individual differences, they do 
not contribute to our understanding of the variation that occurs within an individual 
across time, nor do they adequately address predictive or cause-and-effect relations 
between variables within individuals (Murayama et al., 2017).

Considering variation of emotions and their antecedents both between and within 
persons is particularly relevant for developing intelligent games that offer tailored 
learning environments. Design research needs to evaluate how the emotional impact 
of game features may vary for learners who differ in age, gender, cultural background, 
goal orientations, or prior knowledge, and how emotional impact may differ and evolve
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within individuals as they progress through the game. For example, prior knowledge 
likely varies between learners at baseline, implying that different degrees of task dif
ficulty and scaffolding are required to maintain optimal levels of challenge. As learn
ers gain knowledge through completing in-game activities, they may benefit—both 
cognitively and emotionally—from more autonomy. Therefore, an important avenue 
for future work is to develop games that are able to shift power from system-controlled 
personalization (adaptivity) to learner-based customization (adaptability) as learners 
become more skilled.

Building Integrative Theoretical Frameworks
It is tempting to assume that capturing emotional processes will require different theo
retical models for different types of learning environments. Given that these processes 
are fundamental to the nature of learning, extant theories should be just as relevant 
to GBL as they are to formats that are more traditional (Plass et al., 2015). However, 
researchers and game designers are faced with the issue of selecting from an unwieldy 
array of different constructs and theories in this field. As many existing theoretical 
models are complementary rather than mutually exclusive, integration is needed 
to move the field forward. Theoretical integration is especially needed to promote 
cross-fertilization across disciplines that to date have worked in relative theoretical 
and empirical isolation, such as inquiry on emotion in educational psychology versus 
affective computing. We hope that the integrative model of emotional foundations of 
GBLEs presented in this chapter is an initial, useful step in this direction.
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