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Abstract

Video games can elicit strong emotional responses, especially when players repeatedly fail, lose progress,
or struggle to overcome challenging gameplay situations. While such experiences can be part of what
makes games engaging, they can also give rise to competence-related frustration. Players may not
always have effective means to regulate this frustration during play, particularly in fast-paced or
performance-driven contexts. This study investigated whether a brief, guided breathing intervention
embedded directly into gameplay could support the regulation of competence-related frustration.

To examine this, a custom single-player platformer, Master Blaster, was developed. The game was
designed around challenging traversal, repeated setbacks, and loss of progress, creating situations in
which competence-related frustration could naturally arise. A dynamic triggering system monitored
gameplay events and activated the intervention at moments of substantial progress loss. Participants
were assigned to either a breathing condition, in which they completed two guided cycles of cyclic
sighing, or a control condition, in which they continued gameplay for an equivalent duration. The
final sample consisted of N = 54 participants. The effects of the intervention were evaluated using
measures of need satisfaction and frustration, momentary frustration, affective state, player experience,
and gameplay performance.

The results showed that frustration increased substantially over the course of the gameplay session,
suggesting that the game successfully elicited the target emotional state. Around the intervention mo-
ments, frustration decreased in both groups, but this decrease was significantly larger for participants
in the breathing condition. However, this effect was limited to the short-term interval surrounding the
intervention moments. No significant difference in momentary frustration was found between groups
across the overall gameplay session or after gameplay had concluded. The intervention also did not
lead to significant differences in competence or autonomy satisfaction and frustration, affective state,
player experience, or gameplay performance. These findings suggest that brief, guided breathing can
help reduce momentary frustration following challenging gameplay events, but that this short-term
reduction does not necessarily persist or translate into broader changes in player experience or perfor-
mance. The study contributes an initial exploration of embedded breathing-based emotion regulation
support in games, as well as a dynamic gameplay-based approach for identifying suitable moments for
intervention.
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1 Introduction

Video games have grown into a globally widespread and mainstream form of interactive entertainment,
with over three billion active players worldwide and continued annual growth in both player numbers
and industry scale [29, 4]. Their interactive nature makes them capable of eliciting dynamic and
emotionally intense experiences [15]. During play, players continuously encounter challenges, evaluate
outcomes, and respond to successes and failures. These emotionally salient moments can influence not
only in-game performance, but also players’ affective state and post-play well-being [74, 13].

One reason games are engaging is their capacity to satisfy basic psychological needs [79]. According
to Self-Determination Theory (SDT), the satisfaction of the needs for autonomy, competence, and
relatedness supports intrinsic motivation and well-being [80]. In gaming contexts, competence, defined
as the need to feel effective and capable of mastering challenges, plays a particularly important role [74,
13]. When players successfully overcome challenges and experience progress that is attributable to their
own actions, this can foster feelings of mastery and enjoyment [74].

However, gameplay does not always satisfy these needs. SDT distinguishes between need sat-
isfaction and need frustration: whereas satisfaction supports well-being, need frustration refers to
experiences of failure, ineffectiveness, or being thwarted in one’s goals [13]. In games, competence
need frustration may arise when players repeatedly fail, encounter setbacks that violate expectations,
or perceive situations as unfair [13]. Such experiences have been observed across different gaming
contexts, including competitive multiplayer environments and challenging single-player games [13, 16].

Importantly, competence need frustration is not only associated with reduced enjoyment. Ex-
perimental research has shown that impediments to felt competence during gameplay can lead to
short-term increases in aggressive affect, aggressive cognition, and aggressive behavior [74]. In com-
petitive settings, players often describe entering a state of “tilt,” in which frustration escalates and
performance deteriorates further [98]. Once such a state is reached, it can become difficult to regain
composure, potentially reinforcing a cycle of frustration and emotional dysregulation [16].

The challenge, therefore, is not that games elicit strong emotions, as this is central to their appeal,
but that players may lack effective means to regulate competence-related frustration at the moment
it occurs. While players report using a range of coping strategies during play, including problem-
focused, emotion-focused, and avoidance-based approaches, avoidance strategies such as disengagement
appear to be frequently used despite being perceived as suboptimal [16]. Fast-paced and performance-
driven contexts may limit players’ ability to deliberately select and implement cognitively demanding
regulation strategies, making in-the-moment support particularly relevant.

At the same time, advances in digital emotion regulation technologies demonstrate that interactive
systems can scaffold regulation processes [83]. However, many existing approaches emphasize offline
training, reflection, or biofeedback-based systems. Less is known about how brief, explicitly guided
interventions can be embedded directly into gameplay to support regulation during emotionally salient
moments.

Controlled breathing represents a promising candidate for such in-context support. Slow, structured
breathing practices have been shown to reduce stress and anxiety and to improve affective state, even
when delivered remotely and in brief sessions [41]. Exhale-focused techniques such as cyclic sighing
have demonstrated particularly strong effects on positive affect and reductions in state anxiety [11].
Because breathing directly targets physiological arousal and requires limited cognitive resources, it
may be suitable for integration into interactive environments.

This study investigated whether a brief, guided breathing intervention embedded directly into
gameplay could support the regulation of competence-related frustration. To this end, a single-player
game was developed that incorporated challenging gameplay situations and progression losses intended
to elicit competence-related frustration while maintaining player engagement. A dynamic intervention
system monitored gameplay events and triggered short breathing interventions at moments of sub-
stantial progress loss. The effects of this intervention were evaluated by examining differences between
conditions in competence-related frustration, momentary frustration, affective state, player experience,
and gameplay performance.

The main contributions of this study are:

1. The design and evaluation of an embedded breathing-based intervention for supporting the reg-
ulation of competence-related frustration during gameplay;



2. Empirical insight into the effects of brief, guided breathing interventions on competence-related
frustration, affective state, player experience, and gameplay performance; and

3. Exploration of a dynamic, gameplay-based approach for identifying suitable moments to provide
emotion regulation support without relying on additional physiological sensors.

2 Background and Related Work

This section reviews relevant prior work. We first discuss literature on the satisfaction and frustration
of basic psychological needs in video games and the link between competence need frustration and
aggression. This is followed by research on the design of technical emotion regulation interventions.
The section then considers breathwork as an emotion regulation technique and finally, examines the
coping strategies esports players use to regulate their emotions.

2.1 Need Frustration in Video Games

Games often include elements of challenge, difficulty, and risk of failure [35]. While these elements are
part of what makes games engaging, they can also bring about moments of frustration, especially if
failure remains unresolved [35]. This may not only diminish the gameplay experience, but can also
have various negative effects on the player. Need frustration in particular has been associated with
escapist motivations [45, 51], problematic gaming [51], and stress [51]. Moreover, it has been proposed
as a potential precursor of toxic behavior [49, 50, 89, 100, 104].

According to a qualitative study by Ballou and Deterding [13], need frustration occurs when the
player’s needs are not met in game, and this is not in line with their expectations. The remainder
of this section discusses the concept of game-related need frustration, its underlying causes, and its
effects.

The concept of need frustration is built upon Self-Determination Theory (SDT). While the theory
is a broad framework spanning six sub-theories, HCI work has mainly focused on its three basic
psychological needs, put forward as key determinants of intrinsic motivation and well-being: autonomy,
competence, and relatedness. Autonomy is the need to feel a sense of control and choice in one’s actions.
Competence refers to the need to feel effective, capable, and able to master challenges. Relatedness
is the need to feel a sense of connection and belonging [80]. The satisfaction of these basic needs can
be a strong predictor of enjoyment of both interactive and non-interactive media [87]. It is also linked
with greater intrinsic motivation and engagement across game genres [3, 89, 69, 87], alongside various
positive well-being effects [1, 88, 92]. Need frustration in games specifically may also be associated
with aggression [74] and dysregulated gaming [5, 51].

Importantly, need frustration is not simply the absence of need satisfaction. Rather, it is considered
a separate concept, with evidence suggesting the two can even coexist to varying degrees [5, 91].
Need frustration refers to experiences in which autonomy, competence, or relatedness are actively
undermined, such as feeling pressured or restricted, feeling ineffective or doubtful about one’s abilities,
or feeling isolated or excluded from others.

According to Ballou and Deterding [13], players bring expectations to a game about the extent to
which play will support autonomy, competence, and relatedness. Based on these expectations, players
make decisions regarding their play behavior. Need frustration then occurs when a need-thwarting
situation arises that is more significant or intense than expected. Over time, these experiences update
players’ expectations. These new expectations result in changes in play behavior aimed at reducing
exposure to need frustration, such as rushing through a particular section, taking breaks, or quitting
the game altogether. However, such frustration-reducing adaptations can be inhibited by extrinsic
motivations, such as social pressure to continue playing [13].

We will now discuss the different types of gaming-induced need frustration in more detail, starting
with autonomy frustration. This refers to feelings of being controlled or coerced [80]. It is further
divided into three categories of situations that may give rise to this particular type of need frustration.
The first and most common situation is one in which the desired playstyle of the player is constrained.
This may occur when they are unable to play a particular character, use certain equipment or abilities,
or take preferred in-game decisions. It can be caused by other players, such as when their preferred
role is already taken by someone else, or by the game itself, such as when a game forces them to sit



through an unskippable storytelling segment that does not interest them. Another form of autonomy
frustration occurs when the players’ ability to play is constrained. This may be due to constraints on
their schedule, hardware availability, finances, or similar circumstances, preventing them from playing
a particular game or playing when they want to. Finally, players can face autonomy frustration
when they feel compelled to play. This can be caused by social pressures to continue playing or by
punishment systems the game has in place for leaving early, such as in competitive multiplayer games
like Counter-Strike 2 [13].

The second form of need frustration observed in video games, and the form that the intervention
presented in this study primarily aims to regulate, is competence frustration. Competence frustration
relates to feelings of failure and self-doubt and is also divided into three categories. First, stagnation
can occur when players are unable to carry out a desired or necessary action, thereby blocking their
progression. This often comes with the underlying expectation that progress should be possible in that
particular scenario.

Unfair situations can also be the cause of competence frustration. These are situations where
players feel like winning or losing is not an expression of their skill, due to external forces that make
attaining a particular goal practically impossible. This violates their expectations of being given equal
or sufficient means. Examples include playing against significantly stronger opponents, facing an Al
opponent with unreasonably strong buffs, or being placed in a team with weaker teammates. In such
cases, feelings of frustration are often directed outward, toward other players, the situation they have
been dealt, or the game as a whole.

Finally, competence frustration may be the result of in-game actions or choices that are perceived
as meaningless. The players’ decisions then do not have the expected scale of impact, or, in some
cases, no impact at all [13].

The last type of need frustration is relatedness frustration. This refers to feelings of loneliness or
exclusion. Within the context of gaming, it comes in three forms. The first occurs when players feel
disconnected from other players. This can be because of a disagreement, a skill mismatch, or as a result
of in-game harassment. Second are situations in which players feel disconnected from the community
at large. An example of this is when there are certain closed groups within the community, such as a
set of players with a particularly high rank. The final case is when players feel disconnected from the
game’s characters or the game world, making them feel alienated, uninterested, or disappointed [13].

Besides acknowledging these three types of need frustration within the gaming community, as well
as identifying the underlying categories that give rise to them, Ballou and Deterding [13] also highlight
the importance of expectations within their theoretical framework. Expectations are a crucial factor
in two ways.

First, players’ expectations serve as a point of reference for the extent to which need frustration is
experienced as disruptive or annoying. As a result, need frustration often becomes salient only when
the play experience violates or negatively deviates from players’ expectations, rather than inherently
producing negative effects. For example, some players may not anticipate unforgiving game mechanics,
such as permanently losing all items upon death. Expectations are often shaped by prior experiences,
either through playing other games or through earlier encounters within the same game. When need-
frustrating situations are correctly anticipated, expectations can reduce the salience of felt frustration
and mitigate its impact on subsequent play behavior [13].

The second way in which expectations are important is that they play a key role in shaping future
gaming behavior. A need-frustrating experience does not necessarily lead players to change their
behavior right away. Instead, repeated experiences of need frustration shift their expectations for the
enjoyment of the game over time. These updated expectations then shape their decision making about
future gaming behavior. If the anticipated need frustration outweighs the anticipated enjoyment,
players may choose to engage less or play differently. Such behavioral shifts can happen from session
to session, but also within a single session, especially for competence frustration [13].

In sum, expectations shape both need frustration and subsequent behavior: experienced frustration
emerges when the actual play situation falls short of expectations, while expectations also guide player
behavior beyond immediate emotional responses [13].

In response to current and expected future need-frustrating experiences, players might adjust their
behavior to reduce or eliminate exposure to such experiences in four different ways. The first is to
reduce the emotional intensity of play. For example, this can be done by rushing through a segment
that is frustrating them, paying little attention to the situation at hand. Second, players may change



their in-game behavior to reduce the prevalence or salience of such events. They might circumvent
specific challenges or use exploits to overcome them, move to a different in-game location, or interact
with other players in a different way. The third option is for players to disengage from the game to some
extent. This can mean taking a break from the game or preferring to play a different game instead.
The final way players may alter their behavior to eliminate exposure to particular need-frustrating
situations is by simply quitting the game entirely [13].

However, repeated need frustration does not necessarily mean the player will quit playing the
game forever. Many players persist regardless, due to pressures or anticipated rewards external to the
need-frustrating gameplay that outweigh the anticipated undesirable frustration. There are three such
categories of external motivation to keep playing. The first is the desire to see beyond the obstacle in
front of them. The game might feature appealing characters, an interesting story, or a beautiful visual
design. These positive expectations for future portions of the game can all serve as incentives to push
through a frustrating situation. Second, the player might identify as a fan of the game series or the
developing team. This can lead to a felt obligation to that identity, where the player must fulfill their
duty as a fan and at least finish the game. Lastly, players can be externally motivated by in-game
rewards and achievements. Besides these categories, there can be other externally motivating forces at
play, but the key takeaway here is that need frustration does not singularly determine play behavior.
Rather, play behavior results from a conscious or unconscious weighing of actual current and expected
future consequences [13].

In sum, need frustration appears to be a recurring experience that can influence both player ex-
perience and behavior. Based on their qualitative analysis, Ballou and Deterding [13] show that,
within gaming contexts, autonomy, competence, and relatedness need frustration can be understood
as distinct constructs, and that need frustration is analytically separate from need satisfaction. Their
findings further suggest that need frustration is an important factor in the selection of games and in-
game activities. From a game design perspective, this implies that avoiding need-frustrating situations
may be at least as important as affording need-satisfying ones.

For the purposes of the present study, this theoretical framework informed the design of a game
in which competence-related frustration could naturally arise. In particular, the game was designed
around challenging traversal, repeated setbacks, and the potential loss of progress following mistakes.
These elements can impede the player’s sense of competence, while still allowing failure to be attributed
to the player’s own actions rather than to unfair or unpredictable game behavior.

In addition, Ballou and Deterding [13] highlight the role of expectations in shaping player experi-
ence. Their analysis suggests that the appraisal of situations involves comparing actual outcomes with
expected ones, and that the salience of experienced frustration arises from discrepancies between the
two. This insight was relevant to the design of the present study. Rather than deliberately shaping
expectations to make the game appear easier than it was, care was taken to provide only limited infor-
mation about the game’s difficulty beforehand. This allowed participants to form expectations more
naturally, while limiting the extent to which the experimental instructions themselves influenced the
experience of frustration. Despite the potential importance of expectations for user frustration and
related experiential processes, this topic has so far received relatively limited attention within HCI
research [13].

Finally, Ballou and Deterding note that other forms of frustration may also occur in games. While
some of these are captured by the need frustration model, many specific need-frustrating situations
do not fully overlap with other conceptualizations of frustration. In particular, need frustration was
near-universally experienced as negative, whereas perceiving one’s goal-directed action to be impeded
without feeling controlled, ineffective, or excluded may set apart the positive, motivating experiences
of frustration [35, 70].

2.2 Competence Need Frustration and Aggression

To motivate the focus on competence frustration as an emotional trigger within gameplay, this section
reviews the work of Przybylski et al. [74], who examined how interaction-related competence frustration
in games predicts short-term shifts in aggressive feelings, accessibility of aggressive thoughts, and
aggressive behaviors.

At the time of publication, gaming-related aggression was a hotly debated topic. The results from
earlier work in this field varied. Some studies reported consistent links between some forms of gaming
and measures of aggression [6], whereas others found unreliable or inconsequential links [30]. The aim



of Przybylski et al. [74] was to empirically explore gaming-related aggression through the motivational
lens of Self-Determination Theory (SDT) [80]. More specifically, they systematically investigated
psychological need thwarting in gaming as a possible source of aggressive feelings, thoughts, and
behaviors.

SDT researchers have posited that frustration of the three basic psychological needs can lead to
aggression. Initial studies demonstrated higher implicit aggressiveness among children whose need for
autonomy was impeded [78]. More recent work has indicated that need-thwarting classroom environ-
ments are more likely to foster bullying and interpersonal aggression [77]. Further research has shown
that the salience of autonomy-blocking leads to increased accessibility of aggressive thoughts, which,
in turn, results in a greater appreciation for hostile forms of humor [97]. In addition, need-thwarting
motivation has been linked to aggressive driving and road rage [66], and situations that undermine the
need for relatedness have been shown to increase interpersonal aggression [96]. These studies provide
preliminary support for the assertion that psychological need thwarting can lead to aggressiveness.
However, at the time of publication, competence need frustration had not been explored as exten-
sively. To address this gap in the literature, Przybylski et al. [74] leveraged the interactive nature of
video games to conduct their research.

Unlike many other pursuits in life, most people are not motivated to play video games for the sake
of extrinsic rewards. Rather, they are intrinsically motivated to engage in play because of the poten-
tial need satisfaction gaming offers [79]. In particular, many video games provide ample opportunities
for competence need satisfaction due to their carefully graded challenges and detailed, unambiguous
performance feedback. Similarly, the opportunity for exploration and high-action gameplay can sup-
port the need for autonomy. Finally, the affordance of communication channels and group challenges
emphasizing collaboration and competition can satisfy the need for relatedness. As discussed previ-
ously, in-game satisfaction of these basic needs can predict preferences for specific games and game
enjoyment, along with general well-being.

In previous work, Ryan et al. [79] investigated the motivational aspects of violent games in particu-
lar. It was often assumed that the violent nature of some games made them inherently more motivating
or immersive, but this was not in line with what they observed in their research. Instead, they high-
lighted the extent to which such games satisfied the player’s basic needs, particularly competence and
autonomy, and how this accounted for their appeal independent of the particular content or genre.

As discussed, the frustration of basic psychological needs for autonomy and relatedness had been
shown to result in increased feelings of aggression. However, the effects of competence need deprivation
had not yet been explored as extensively from an SDT perspective. Video game play provides a useful
context for studying the effects of need-thwarting experiences in this regard, as human competence is
a central part of what makes games appealing as interactive experiences [79].

One component that plays a significant role in the player’s overall sense of competence is their
mastery-of-controls [79]. This refers to the learned ability to effortlessly use a game’s control interface
to carry out actions in virtual environments. In their experiments, Przybylski et al. [74] manipulated
players’ mastery-of-controls in several ways. They then investigated the effects on players’ felt com-
petence, enjoyment, and level of aggression. The following paragraphs highlight several findings from
the experiments conducted by the authors.

In their first experiment, participants played one of two games. The first game was a first-person
shooter with relatively complex controls, while the second was a two-dimensional platform game with
far simpler controls. Notably, the game with the more complex controls featured violent content,
while the simpler game did not. Both before and after play, participants’ level of aggression was
measured using a 7-point Likert scale. Mastery-of-controls was measured in a similar manner after
play. The results showed that players who felt less competent reported increased feelings of aggression,
regardless of whether the game contained violent content. This implied that struggling with feelings
of incompetence at the game interface was related to increased levels of aggressive affect [74].

This result was replicated in a more refined version of the experiment. Here, a violent and nonvi-
olent version of the same game were used. This manipulation was verified by also measuring players’
perceived level of threat after play. The other measurements remained the same. This study again
showed that participants who reported less mastery of the game interface also reported increased levels
of aggressive feelings, regardless of violence level [74].

In the third and fourth experiments, a nonviolent gaming context was used. This time, two versions
of a puzzle game with varying control interfaces were played, one of which was intended to be signifi-



cantly less intuitive to the players. The studies used different techniques to measure participants’ levels
of aggression, and the second study directly measured players’ felt competence at the game. Despite
these differences, the results were similar. Participants who reported lower mastery-of-controls showed
greater accessibility of aggressive thoughts, and those who felt less competent at the game reported
more aggressive feelings. These studies also showed that the influence of both interface complexity and
mastery-of-controls on short-term shifts in aggressive feelings and player enjoyment was mediated by
players’ overall level of competence need satisfaction. This means that the complexity of the controls
and players’ mastery of them only affected aggression and enjoyment to the extent that they influenced
players’ overall sense of competence [74].

The fifth and sixth studies examined additional mechanisms through which games might influence
player competence. The fifth study did so by allowing one group of participants to practice the game
for 10 minutes beforehand. As in one of the previous experiments, the authors also used a violent
and nonviolent version of the same game, although this is less relevant for the purposes of the present
study. Both versions of the game were relatively complex, giving the players who were able to practice
an advantage. After the practice phase, during which the other group played a different game, a
regular play session of 10 minutes began for both groups. Afterwards, players were able to choose
between continuing to play the game for another 10 minutes or freely browsing the internet for the
same duration. This was used as a measure of player motivation. In addition, similar measures as
before were used to assess aggression, mastery-of-controls, and competence. The results showed that
participants who were given time to practice, and therefore had more experience with the game, were
able to master the controls better. As a result, they experienced a greater sense of competence. In
turn, this level of felt competence influenced participants’ feelings of aggression and their motivation
to continue playing the game [74].

The sixth experiment influenced player competence by adjusting the game’s difficulty. For this,
the authors used two versions of Tetris, one of which used a block selection algorithm intended to be
overly challenging. In a pilot study, it was found that this manipulation of game structure succeeded
in influencing players’ felt competence need satisfaction, with those playing with the standard algo-
rithm reporting higher levels of competence compared to those using the modified algorithm. Besides
measuring players’ aggressive feelings before and after play, the experimenters used another method
to gauge participants’ level of aggression. Before play, participants were asked to perform a behavioral
aggression task. During this task, they had to place their hand in a bath of chilled water. They were
told that the length of time they had to hold their hand in the chilled water had been selected for
them by the preceding participant. In reality, this time period was fixed at 25 seconds for all partic-
ipants. After play, participants were then asked a simple question: “Based on your experience in the
experiment thus far, how long do you believe the next participant should be instructed to put his or
her hand in the chilled water?” The results were in line with the authors’ hypothesis: participants who
played the overly difficult version of the puzzle game not only reported more aggressive feelings, but
also showed more aggressive behavior. They tended to assign subsequent participants to nearly four
seconds more of the chilled water task than they had experienced themselves, whereas participants
who played the regular version of the game assigned nearly three seconds less physical pain than they
had endured [74].

The seventh and final experiment was conducted to evaluate the generalizability of the competence-
impedance hypothesis across everyday gaming contexts. This was done by interviewing over 300 regular
video game players to examine the extent to which their experiences of competence need satisfaction or
frustration related to aggressive feelings after play, as well as their game enjoyment. Participants were
asked to reflect on their past four weeks of play in their three most played games. They also reported
competence, enjoyment, and aggressive feelings after play for these games using 5-point scales. The
results indicated that competence was negatively associated with aggressive feelings and positively
related to enjoyment. Furthermore, aggressive feelings were negatively related to enjoyment. These
findings correspond with the findings from the experimental setups, suggesting generalizability across
everyday gaming contexts [74].

In sum, Przybylski et al. [74] used varying games, interface complexities, levels of experience, and
underlying algorithms to influence players’ felt competence. They found that lower felt competence
was related to short-term shifts in aggressive feelings, accessibility of aggressive thoughts, aggressive
behavior, and aggressive feelings after play. During this, they controlled for baseline levels of aggression
and evaluated links between competence and aggression under conditions where violent game content



was experimentally manipulated, absent, and varied by player preference. Overall, the results show
consistent support for their need-thwarting hypothesis. They indicate that impediments to player
competence satisfaction can increase cognitive, affective, and behavioral aspects of aggression, and
that these effects were independent of violent game content [74].

Thus, competence need frustration is not only common in games [13], but may also be directed
externally and associated with cognitive, affective, and behavioral indicators of aggression [74]. These
findings suggest that competence-thwarting gameplay experiences can trigger escalating patterns of
negative cognitive and affective responses. Although the present study does not directly measure
aggression, this work motivates the focus on competence-related frustration as an emotional state
worth regulating during gameplay. Intervening at moments of heightened frustration may therefore be
particularly valuable, as it could help reduce short-term emotional escalation before it develops into
more maladaptive responses.

However, little is known about whether brief, embedded emotion regulation interventions can effec-
tively mitigate competence-related frustration in real time during gameplay. In particular, the extent
to which such interventions influence not only momentary frustration, but also players’ affective state,
psychological need satisfaction and frustration, overall player experience, and gameplay performance,
remains underexplored. Addressing this gap constitutes the central aim of the present study.

2.3 Emotion Regulation

Emotion generation, and therefore emotion regulation, are important aspects of video games. To
better understand how emotions are generated and how they may be regulated, this section uses
Gross’ Process Model of Emotion Regulation [38]. This model is widely cited, well-established, and can
be generative for the design of emotion regulation technologies [83]. It distinguishes between emotion
generation and emotion regulation. According to the process model, emotion generation involves people
encountering, attending to, appraising, and responding to situations. Thus, emotion generation begins
with the presence of a particular situation. This situation must be attended to and then evaluated
in light of the individual’s active goals, which forms the appraisal stage. This leads to associated
changes in subjective, behavioral, and physiological responses that we perceive as emotion. Emotion
regulation can then be broadly understood as the strategies individuals use to increase, maintain, or
decrease their affective experience, including the feelings, behaviors, and physiological responses that
make up an emotion [39]. Emotion regulation occurs when people evaluate their current emotional
state relative to their goals and choose whether or not to modify it. If they decide to modify their state,
they have to select a particular regulation strategy, implement it, and monitor its effects. Depending
on the outcome, they may repeat this process. Emotions can be evoked both through external and
internal situations. Arising from the person-situation interchange, emotions are experiential, situation-
dependent, and transient, meaning they change over time [38].

According to the process model [38], emotion regulation occurs when one actively tries to influence
their emotion generation by recruiting certain processes. The emotion regulation process is seen as
consisting of four main stages, which feed into each other. First, there is the identification stage, where
one decides that they want to regulate their current emotional state. This leads to the selection stage,
where one selects one of the five general families of emotion regulation strategies to use. They then
arrive at the implementation stage, where they have to decide which specific regulatory tactic within
the selected emotion regulation family to activate. During all of this, active monitoring is required
to determine whether to continue or stop regulating, or to switch strategies during implementation.
All of these steps require specific skills and knowledge from the person taking them. This is where
emotion regulation interventions can take an important role [83].

During the selection stage, one must decide between five general families of emotion regulation
strategies. These are situation selection, situation modification, attentional deployment, cognitive
change, and response modulation [38]. These strategies all relate to, and target, a particular stage
in the emotion generation process, namely the situation, attention, appraisal, or response stage. Each
of these families comprises several emotion regulation strategies, which are discussed in more detail
below.

The first family of emotion regulation strategies is situation selection. This strategy tries to change
the full emotional experience at the earliest stage, by weighing the potential emotional impact of a
situation against its benefits and determining whether or not it is worth engaging with. Examples
include avoiding a mean family member at a party or choosing to engage in an uplifting activity.



If avoiding a situation is no longer an option, or if the long-term costs of avoiding something
outweigh the short-term benefits, the next option is situation modification. Here, the situation is not
avoided entirely, but its external features are changed in order to change its emotional impact. This
can involve moving to a quieter room to reduce stress or changing the topic of a tense conversation.
A common situation modification strategy is problem-solving, where one consciously tries to change a
stressful situation or contain its consequences.

Attentional deployment is when one does not try to change the situation, but rather diverts atten-
tion to something else. By shifting attention away from emotionally generative aspects of the situation
at a relatively early stage, one can prevent emotional states from gaining full strength. A common
strategy here is distraction, where attention is redirected within a given situation or shifted away from
the present altogether.

Cognitive change targets emotion generation in the appraisal stage. By shifting how we perceive the
situation at hand, whether internal or external, we can alter its emotional impact. A well-researched
strategy is reappraisal, which specifically targets the meaning behind a potentially emotion-eliciting
situation. If your partner is not responding to your texts, for example, you could tell yourself that this
simply means that they are busy, not that they are ignoring you or do not care enough about you.
Another well-known cognitive change strategy is non-judgmental acceptance of emotional states.

Finally, response modulation comes down to directly influencing the experiential, behavioral, or
physiological components of the emotional response after the emotion is already developed. This
can involve using substances such as alcohol or drugs, but also relying on deep breathing or exercise
to change one’s physiological responses [38]. To summarize, emotion generation results from people
encountering a specific situation, attending to it, appraising its assumed impact, and responding
to it through changes in perceived emotion. Emotion regulation processes operate on these stages,
thereby affecting subsequent emotion generation cycles. Emotion regulation proceeds through four
stages: identification, strategy selection, implementation, and monitoring. Finally, the five families
of emotion regulation strategies, situation selection, situation modification, attentional deployment,
cognitive change, and response modulation, provide common approaches that people can use to up- or
down-regulate a particular emotion, each corresponding to a stage in the emotion generation model.

The present study intervenes during the player’s emotional response to a frustrating gameplay
event. The goal is to help the player down-regulate their emotional response before their frustration
escalates or is directed outward, thereby limiting potential negative consequences of the response. This
falls under the category of response modulation. One might argue that it may be preferable to address
generated emotions at an earlier stage [83], such as by altering the appraisal of the situation or by using
attentional deployment, but this can be complicated to embed directly into the gameplay experience.
Altering the player’s appraisal of a gameplay situation is difficult to achieve during play, as reappraisal
requires cognitive resources and reflective processing that may not be available in moments of height-
ened frustration. Similarly, modifying attentional deployment is challenging, since players’ limited
attentional capacity is already largely allocated to task-relevant demands in interactive environments.
Deliberately redirecting attention away from frustration-eliciting stimuli may therefore interfere with
performance itself. In contrast, response-focused strategies such as controlled breathing operate at the
level of physiological arousal and may require less complex cognitive restructuring. Although pausing
or slowing gameplay to perform a breathing exercise may temporarily influence performance, such
response modulation may nevertheless provide a more feasible and immediately actionable form of
regulation within fast-paced gaming contexts.

The process model provides a framework for thinking systematically about the approaches one can
take to alter an emotional state, along with a set of clear intervention targets and strategies. For this
reason, emotion regulation can be understood as an embodied skill, which can therefore be trained [38].

Learning to regulate emotions involves two aspects: knowledge and performance. One must improve
their knowledge of the available strategies and when to apply them most effectively. However, they
must also be able to enact those strategies in practice [76]. Skills are often split into two categories:
intellectual and performative. An intellectual skill is a skill whose goal is predominantly symbolic, such
as solving a mathematical problem or playing chess. Performative skills, however, have a nonsymbolic
goal, such as playing tennis or football. Symbolic and nonsymbolic skills differ in the way they are
commonly trained. For symbolic skills, it is common to use a didactic approach, where one explains the
skill or provides a worked example [7]. Nonsymbolic skills, however, often draw heavily on experiential
approaches, where one repeatedly attempts something to improve at it [99].



Emotion regulation is hard to fit exclusively into one of these categories. Altering a bodily response
to a particular person-situation context is a performative, nonsymbolic skill that requires practice. On
the other hand, there are also several elements that rely strongly on cognitive processes, such as knowing
the available strategies and constructively applying them. This dual nature of emotion regulation has
implications for the process of skill acquisition and influences the way designers should think about
providing technology-enabled support [83].

The intervention design used in the present study aimed to provide emotion regulation support
in a way that was directly accessible during gameplay. The breathing exercise was initiated by the
game itself, meaning that players did not need to decide for themselves when to apply the strategy.
In addition, the system provided clear, step-by-step guidance, reducing the procedural demands of
performing the exercise correctly. Although this level of scaffolding may limit the transfer of the skill
to unassisted gaming situations, it enabled a more controlled evaluation of the intervention component,
as the observed effects depended less on differences in players’ prior emotion regulation abilities.

2.4 Emotion Regulation Interventions

Emotion regulation, as discussed above, can be understood as an embodied skill that involves both
symbolic and non-symbolic processes [83]. However, understanding how regulation unfolds is only one
part of the challenge. Designing effective interventions requires translating these theoretical insights
into systems that can meaningfully support people in developing and applying regulation strategies [83].

A key difficulty of emotion regulation interventions lies in the nature of emotions themselves. To
learn how to regulate an emotion, one must have access to it. Yet emotions are difficult to “re-live” on
demand, which complicates intervention design. Systems must therefore either elicit relevant emotional
experiences during training or support the application of regulation strategies in the moments when
emotions naturally arise. Addressing this tension is central to the design of effective digital emotion
regulation interventions [83].

In response to these challenges, Slovak et al. [83] encourage HCI researchers to first consider the
delivery mechanisms that digital technologies bring into the intervention process. These mechanisms
specify how, when, and where a system scaffolds users’ learning. The how concerns the mode of
skill acquisition, distinguishing between didactic approaches, such as instruction-based learning, and
experiential approaches, such as learning through guided practice. The when and where dimensions
address the temporal and contextual placement of the intervention, differentiating between offline
training and on-the-spot support.

Offline training refers to deliberate practice contexts in which regulation strategies are developed
outside of emotionally intense situations, with the expectation that these skills will later transfer to
everyday life. In contrast, on-the-spot interventions aim to provide support during naturally occurring
emotional episodes, embedding regulation guidance directly within the lived experience itself.

In their work on designing for emotion regulation, Slovak et al. [83] also performed an extensive
scoping review of recent literature. This review had several aims. The first aim was to give an overview
of commonly used intervention design components in existing work for each of the delivery mechanisms.
This refers to the design choices researchers have made so far to provide experiential, didactic, offline,
or on-the-spot support, but also to which ER stages or families of strategies have been supported and
which remain understudied. Secondly, they wanted to outline how these individual design components
have been combined into actual interventions, meaning which combinations have already been explored
and what gaps remain in this regard.

The following paragraphs discuss the delivery mechanisms used in existing research, starting with
experiential intervention components. These focus on mediating the first-hand experience of applying a
specific emotion regulation strategy, without necessarily providing a verbal description of the actions to
be performed [83]. This support can, for example, involve ongoing real-time feedback on the application
of a specific ER strategy or guidance through a particular experience.

Among the reviewed articles, the range of mechanisms used in experiential learning components
was limited to two main categories [83]. First, there were cases where a learning environment was
provided that included structured feedback during a practice application of a given ER strategy, such
as embedding biofeedback into games [61, 94]. The second approach was to subtly guide participants
toward a target emotional state, such as through vibrotactile patterns [27] or audiovisual cues [37].

The way these two categories of interaction design aimed to support the emotion regulation process
differed substantially in how, when, and through which psychological mechanisms this support was



provided. The real-time tailored biofeedback components provided the user with information about
their current physiological state in a closed biofeedback loop. This supports them in learning emotion
regulation through operant conditioning [8, 9]. This was predominantly implemented through video
games that map the physiological response of the user to some metaphorical representation in-game,
such as by subtly changing particular gameplay mechanics [58] or by using graphic overlays that make
the gameplay more difficult if the player is not calm enough. An example of this is from Mandryk et
al. [61], who inserted a graphic overlay on top of existing games, such as mud in a racing game, as the
player’s stress increased.

In contrast, the implicit target feedback components try to nudge the user’s emotional state toward
a particular target [14, 37]. Such components predominantly use vibrotactile interaction, either as a
guide for physiological processes that the user can control, such as their breathing rate, or by shifting
the user’s attention.

The intervention component developed in the present study can be characterized as experien-
tial, as it guides the player through the active application of a specific emotion regulation strategy
during gameplay. Rather than teaching the strategy in an abstract or instructional manner, the sys-
tem scaffolds the regulation process directly at moments of heightened frustration. However, unlike
biofeedback-based systems, the intervention does not rely on real-time physiological monitoring. While
biofeedback can strengthen learning through operant conditioning, it is not a necessary prerequisite
for the effectiveness of structured breathing exercises, which have been shown to influence affect even
when guided solely through instruction [11]. Omitting biofeedback also reduces technical complexity
and limits additional performance demands during play.

Furthermore, the intervention does not attempt to implicitly nudge the player’s emotional state
through subtle sensory cues. Instead, it provides explicit breathing guidance, assuming that clear,
structured instructions are sufficient to support response modulation in this context. In this way, the
component occupies a distinct position within the experiential design space: it offers direct scaffolding
of a regulation strategy without relying on closed-loop physiological feedback or implicit affective
guidance.

In contrast to experiential learning approaches, didactic delivery mechanisms focus primarily on the
communication of information and the support of its conscious application. Rather than scaffolding
the execution of an emotion regulation strategy during the emotional episode itself, these approaches
alm to strengthen users’ cognitive understanding of how, why, when, and where particular strategies
can be applied. The emphasis is therefore on explanation, reflection, and instruction, rather than
direct experiential guidance [83].

Several interaction design approaches fall within this category. Reminder-recommender systems
provide in-the-moment prompts that suggest the use of a particular ER strategy, sometimes accompa-
nied by brief step-by-step instructions. For example, Smyth et al. [86] delivered semi-random mobile
notifications encouraging users to take five mindful breaths if their context allowed for it. Although
such prompts occur during daily life, the support remains primarily instructional: users are reminded
what to do, but the system does not actively scaffold the regulation process itself.

Other didactic approaches focus on awareness and reflection support. These systems often rely on
self-report or biosensing data to help users monitor their emotional states over time, for instance by
maintaining mood diaries that enable pattern recognition and reflection [10]. Finally, cognitive model
development components provide more extensive psycho-educational material, frequently grounded
in cognitive behavioral therapy, to teach users new ER strategies in advance of emotionally charged
situations.

While these didactic mechanisms have demonstrated value in fostering knowledge and long-term
skill development, they differ from the approach taken in the present study. The intervention used
here does not primarily aim to increase conceptual understanding of breathing-based regulation, nor
does it merely recommend that the player engage in a strategy. Instead, it guides the player through
the breathing exercise itself at a moment of competence-related frustration, thereby shifting the focus
from instruction to direct experiential support. In this sense, the current work aligns more closely with
experiential delivery, while remaining conceptually distinct from reminder-based breathing prompts
such as those described above.

Besides distinguishing between didactic and experiential learning approaches, we can also divide the
space into methods that use offline versus on-the-spot intervention components. We start by discussing
the offline components.
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Offline intervention components primarily aim to support the development of emotion regulation
strategies in deliberate training contexts, rather than in the moment where emotions naturally arise.
The trained skills are then expected to transfer into everyday situations. These methods can take a
number of forms [83].

One common approach is to elicit strong emotions using technology, often through video games,
providing a controlled context to practice regulation strategies. In these cases, biofeedback is frequently
used to give users insight into their regulation progress [58, 103]. Alternatively, some systems promote
ongoing monitoring of tracked emotions across situations, enabling reflection on previously unnoticed
patterns and supporting emotional awareness over time [10]. Other offline methods include didactic
psycho-education, delivering guidance on when and how specific strategies are useful, typically in
non-technologically mediated formats that supplement the main training component [83].

Within these offline approaches, several interaction design patterns can be identified. Some com-
ponents facilitate both emotion generation and regulation, often by deliberately inducing negative
emotions and then supporting regulation, for instance through video games coupled with biofeed-
back [58]. Others focus purely on relaxation training in neutral states, using technological feedback
to deepen relaxation competence [8]. Finally, some methods focus on reflection and awareness by
visualizing emotional patterns over time, without actively generating or regulating emotion [10].

As can be seen, offline components mostly aim to train response modulation, either by eliciting
emotions and supporting regulation, or by guiding the user toward relaxation. Some also target
emotional awareness or cognitive reappraisal through psychoeducational elements [83].

While these offline approaches are similar to the present work in their use of emotionally engaging
games or simulations, the current study differs in a key aspect: the intervention occurs directly within
the relevant emotional context of gameplay, rather than in a separate training environment. This allows
the study to support emotion regulation in the moment, focusing on experiential guidance through
a structured breathing exercise without relying on biofeedback or additional implicit cues. In this
way, the intervention leverages principles from offline methods, but adapts them to be immediately
actionable and embedded within the gameplay experience itself.

Finally, there are the on-the-spot intervention components. Their primary characteristic is that
they aim to provide support for emotion regulation strategies during naturally occurring emotional
situations. This means the skills practiced are applied immediately, so no further transfer of skills is
expected or needed [83].

On-the-spot systems vary in design. Some target specific moments when strong emotions arise, such
as while driving through a busy city [14] or during a stressful work situation [64]. Others provide real-
time information about the user’s current emotional state, enabling awareness when negative emotions
occur [63]. Some suggest specific emotion regulation strategies whenever a particular emotional state
is detected [86]. Many on-the-spot systems combine these approaches with experiential components,
guiding the user through practice in the moment [14, 37]. Didactic prompts, such as reminders or brief
instructions, are also occasionally integrated [10, 31].

Interaction design patterns for on-the-spot interventions differ along two key dimensions: the trig-
gering mechanism and the timing or duration of support [83]. Regarding the triggering mechanism,
there are three main approaches [83]:

o User-initiated interventions, where the user notices the need for regulation and activates the
support system, such as the BioFidget interactive fidget spinner [57].

o System-initiated interventions, where the system detects the user’s emotional state, often via
biosensing such as heart rate, breathing, or electrodermal activity, and triggers support auto-
matically [86].

o Situation-specific interventions, where the intervention is provided continuously in predetermined
contexts deemed likely to be stressful, such as Calm Commute [14], which provides ongoing
haptic-guided slow breathing exercises while driving through a modified car-seat cover.

Timing and duration of support also vary. Some systems offer discrete point components [86],
delivering a single intervention expected to shift the user’s emotion regulatory trajectory. Others
provide ongoing support, guiding the user until the regulation goal is achieved, often through slow
breathing [14], cognitive scaffolding [31], or attentional deployment exercises [84]. Certain approaches
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rely on implicit feedback [25], where users adjust behavior or emotions in response to system-delivered
cues, such as haptic interactions [27].

The intervention designed in the present study aligns closely with on-the-spot, experiential ap-
proaches. It is triggered by the game itself at moments predicted to be frustrating, guiding the player
through a structured breathing exercise. Unlike some prior work, it does not rely on biofeedback
or implicit feedback, as the explicit breathing instructions are expected to be sufficient for down-
regulating the emotional response. By providing immediate, in-context support, the study assesses the
effectiveness of a brief, guided response modulation strategy in reducing momentary frustration and
its potential impact on affect, psychological need satisfaction and frustration, player experience, and
gameplay performance.

Slovak et al. [83] further observe that existing systems tend to cluster into a small number of recur-
ring design combinations, such as implicit on-the-spot support, biofeedback-based game interventions,
and reminder-recommender systems. Importantly, relatively few systems combine on-the-spot support
with explicit experiential guidance that does not rely on biofeedback. This highlights an opportunity
to explore alternative forms of in-context experiential scaffolding. The present study contributes to
this space by embedding a guided breathing intervention directly into gameplay without relying on
physiological sensing.

2.5 Breathwork as Emotion Regulation Technique

The breath has long been used as an anchor in well-being practices such as yoga and Tibetan Buddhism,
as well as in clinical contexts. More recently, an increasing body of empirical research has examined
the potential of slow-paced breathing practices as an emotion regulation strategy [67]. In this section,
recent work on breathwork is reviewed, starting with a meta-analysis of randomized controlled trials
investigating its effects on stress and mental health [41].

Slow-paced breathing practices have received considerable attention in recent research, with sev-
eral psychophysiological mechanisms proposed to underlie their effects on emotion regulation [41]. One
commonly discussed mechanism concerns modulation of the autonomic nervous system (ANS), particu-
larly through increases in heart rate variability (HRV) [102]. HRV is widely used as an indicator of ANS
functioning and is associated with stress resilience and emotional regulation capacity [36]. Breathing
exercises, especially those involving slow respiration rates of approximately 5—6 breaths per minute,
have been shown to increase HRV, potentially reflecting increased parasympathetic activity [54].

Low HRV and impaired ANS functioning are frequently observed in conditions associated with
heightened stress, anxiety, and depression, suggesting that interventions that increase HRV may sup-
port more adaptive emotional responses [36]. In addition to these autonomic effects, respiration has
been linked to changes in neural activity, with slow-paced breathing associated with increased syn-
chrony in brain oscillations [43], which may facilitate communication between distributed brain regions
involved in emotional and cognitive control [44].

The meta-analysis primarily aimed to investigate the effects of breathwork interventions on stress
levels. Breathing exercises are considered an easily accessible intervention that can be practiced in-
dependently, making them potentially valuable for improving public mental health [41]. The analysis
included 12 randomized controlled trials with a total of 785 participants. Overall, breathwork inter-
ventions yielded a significant positive effect on stress reduction compared to non-breathwork control
conditions. While moderate statistical heterogeneity was observed, this was not considered problem-
atic, supporting the robustness of the findings [41].

Interestingly, the mode of delivery of the breathing intervention did not significantly influence
outcomes. Approximately half of the interventions were delivered remotely without the presence of
an instructor [41], suggesting that breathwork can be effective even when self-guided. This finding
is particularly relevant for digital applications, as it indicates that breathwork may be successfully
embedded into interactive systems such as games. Additionally, no significant relationship was found
between the minimum duration of the breathing exercises and effect size [41], suggesting that relatively
short breathing interventions may already yield measurable benefits.

Taken together, these findings suggest that breathwork constitutes a relatively low-cost and scalable
emotion regulation strategy that can be delivered without extensive instruction or supervision. This
makes it particularly suitable for embedding into interactive digital environments, such as video games,
where interventions must be brief and minimally disruptive.
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Another study examined the psychophysiological effects of controlled breathwork compared with
mindfulness meditation [11]. This research focuses specifically on brief structured respiration practices,
aligning well with the aims of the present work.

The paper highlights that different emotional and cognitive states can alter the depth and frequency
of breathing [17, 40]. In turn, this can impact the emotional state [48, 101]. It is also noted how yogic
breathing practices have been associated with increased feelings of peacefulness, improved reaction time
and problem solving, decreased anxiety, and reductions in mind wandering and intrusive thoughts [21,
20]. A central theme of such practices is the inclusion of deliberate patterns of breathing [11]. Despite
the evident benefits of these practices for overall health and well-being [23], it was not yet clear how
different types of breathing impacted mood and physiology, and how those effects compared with brief
mindfulness meditation practice [11].

During mindfulness meditation, the aim is to be aware of the present moment, often by using the
breath as an anchor. During controlled breathing exercises, however, the breath is directly influenced by
the individual performing it, rather than simply being observed [11]. This alteration of the respiratory
rate may be able to cause more immediate physiological and psychological calming effects by increasing
vagal tone [11]. The direct modulation of the physiological state provided by controlled breathing
could produce more potent and acute mental and physical relaxation. These relatively fast effects may
encourage adherence, suggesting that breathwork could potentially lead to more sustained benefits
compared to mindfulness meditation [11].

In the study, three different techniques were used. One of the main differentiators of the techniques
was the emphasis on relative duration and intensity of the inhale portion versus the exhale portion of
the breath. The first technique was the physiological sigh, or cyclic sighing. This is a deep inhalation,
followed by a second smaller inhalation, before exhaling fully but slowly. The sigh puts an emphasis
on the exhale portion of the breath and is associated with psychological relief, shifts in autonomic
states, and resetting of the respiratory system [93, 75, 28]. The second technique was box breathing,
characterized by equal inhale, hold, and exhale ratios. It has been used by the military for stress
regulation and performance improvement [28, 81, 18]. The final technique compared in the experiment
was hyperventilation with retention. In contrast to cyclic sighing, this technique puts an emphasis on
inhalations of longer duration and relatively greater intensity than exhales [53].

Notably, the three techniques all differ in what part of the breath they emphasize. By selecting these
techniques in particular, the authors sought to explore how inhale-emphasized, exhale-emphasized, and
balanced inhale-exhale breathing impact physiology and subjective measures of anxiety. Additionally,
the results were compared with a control group that performed mindfulness meditation, meaning the
passive observation of natural breathing. All groups were instructed to perform daily sessions of five
minutes. To assess the effects of these techniques, the study employed a combination of subjective
self-report measures and physiological indicators [11].

The protocol in the study was performed remotely, with participants receiving instructional videos
on the correct execution of the exercises. Before and after each session, self-reported positive affect,
negative affect, and state anxiety scores were measured. Some additional measurements were also
taken using a smart wristband, such as the sleep quality of the participants, heart rate statistics, and
their respiratory rate.

The results showed significant reductions in state anxiety and negative affect and increases in
positive affect for both the mindfulness meditation and the controlled breathing groups. However, the
breathwork group showed a notably higher increase in daily positive affect. Additionally, increases
in positive affect were larger for participants who had spent more days on the protocol, suggesting a
cumulative effect of adherence over time. Furthermore, the cyclic sighing group had a significantly
higher increase in positive affect than the group performing mindfulness meditation. The sighing group
also showed a greater reduction in respiratory rate than the other groups. This change was negatively
correlated with change in daily positive affect, indicating that greater reductions in respiratory rate
were associated with larger increases in positive affect [11].

Overall, the cyclic sighing technique showed the greatest benefits by significantly improving positive
affect and reducing state anxiety and negative affect. Moreover, it led to the highest reduction of the
respiratory rate [11]. This technique differs from the others in two main ways. First, it includes a double
inhalation, which increases the depth of the inhalation. Second, it involves an extended exhalation.

The authors further discuss several potential mechanisms through which controlled breathing may
influence affective and physiological states. One proposed pathway involves modulation of vagal func-
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tion, as indexed by changes in heart rate variability, which has been associated with emotional reg-
ulation capacity. In addition, controlled breathing may influence interoceptive processes, potentially
increasing awareness and regulation of bodily signals related to stress and arousal. Finally, slow-
paced breathing has been suggested to affect cortical and subcortical structures involved in emotional
processing, with exhale-emphasized breathing patterns possibly signaling reduced behavioral arousal.
While these mechanisms provide a plausible theoretical basis for the observed effects discussed by
the authors, a full investigation of their relative contributions falls outside the scope of the present
work [11].

Taken together, the reviewed evidence suggests that brief, structured breathing practices can pro-
duce measurable changes in affective state and physiological arousal, even when delivered remotely and
with minimal instruction. However, most existing work has examined breathwork in relatively neutral
or controlled contexts, such as daily practice protocols or laboratory settings. Much less is known about
how such techniques function when embedded directly into emotionally charged, fast-paced environ-
ments, such as digital games, where frustration and arousal arise dynamically. It therefore remains
unclear whether brief guided breathing interventions can effectively down-regulate competence-related
frustration in real time during gameplay, and how such regulation may influence affective state, need
satisfaction and frustration, player experience, and gameplay performance. Addressing this question
forms a central focus of the present work.

2.6 Emotion Regulation During Gaming

Emotions play a significant role in the video game play experience. This section discusses what
situations may elicit emotions during gameplay, how players tend to regulate their emotions during
play, and where there is room for technological interventions to support the emotion regulation process.

To this end, this section examines a systematic review by Beres et al. [16]. In this review, the authors
examine the effects of emotions on esports performance, as well as the coping strategies currently
employed by players. The term esports stands for electronic sports, referring to professional video
game play performed at a competitive level, whereby expert players compete in organized sporting
contexts in the presence of spectators [34]. Similar to traditional sports athletes, esports players are
under immense pressure to maintain optimal performance, which may elicit a wide range of emotional
experiences. These emotions can, in turn, influence their in-game performance, their mood following
a match, and their well-being in general [16]. For this reason, it is important for players to develop
effective coping strategies if they aim to achieve and maintain optimal performance. The review
therefore aimed to identify the current state of the literature concerning the role of emotions in esports
performance, as well as strategies for emotion regulation that are currently applied.

The study reviewed a total of 32 papers. Out of these, 15 related to emotion regulation in esports,
13 concerned emotions and their effects on esports performance, and 4 involved emotion-centric tech-
nical interventions. Together, these studies illustrate that while emotions and emotion regulation are
recognized as critical factors in esports performance, relatively few works have empirically examined
interventions that support regulation during gameplay [16].

First, we will discuss what gameplay situations may elicit emotions. The review specifically focused
on esports contexts, but many of the findings are also relevant to video game play more broadly.

To start, the findings suggest that the emotions players face may vary throughout the different
stages of gameplay [42]. Players may also recall the peak and end of their experience with greater
emotional intensity [71]. Furthermore, the outcome of the game has a strong influence on the emotional
state of the player. League of Legends players reported higher values of depression, anger, and post-
game confusion following a loss, while reporting higher values of vigor following a victory. Additionally,
pre-game depression was higher when the outcome of the last game was a loss. However, this effect
may be attributable to the limited rest players receive between games in the maintained competition
format [62]. Similarly, Counter-Strike: Global Offensive players typically associate positive emotions
with shooting other players, while associating negative emotions with being shot. Furthermore, it was
found that feelings of anger and arousal often faded after the game had ended, whereas feelings of
happiness were present both during and after the game [82].

Moreover, an inductive thematic analysis of 431 posts on the subreddit of League of Legends revealed
three emotive factors among players [52]. These emotive factors are types of situations that trigger
players’ emotional experiences. First, there are achievement-related situations. Negative emotions
like anger and frustration may arise when players feel their performance levels did not meet their
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own expectations, while positive emotions, such as happiness and pride, can be experienced when
they execute a skillful play. Second, team-related situations may elicit emotions. They can give
way to negative emotions when teammates underperform or engage in toxic behaviors. In particular,
breakdowns in teammate communication were identified as a major stressor among professional esports
players. In contrast, positive emotions may arise when teammates are in harmony with each other and
work together. Lastly, there are game design-related situations, where a design decision by the game
developers has an emotional effect on the player. For example, players might experience sadness when
their preferred playable character is weakened, or happiness when it is strengthened [52].

These results were echoed in a longitudinal study, where diary entries of six high-level League of
Legends players were collected over an entire in-game season (87 days). The findings showed that gen-
eral performance, outcome of games, critical moment performance, and teammate mistakes accounted
for the majority of the stressors players faced. Furthermore, the severity of the stressors increased
during high-stakes moments of competitive play [73].

Another important aspect impacting the emotional experience of esports players is their perfor-
mance in general. Mateo-Orcajada et al. [62] found that favorable performance actions were positively
correlated with vigor and negatively correlated with tension, depression, anger, fatigue, and confusion.
In contrast, when performance actions benefited the opposing team, they were negatively correlated
with vigor and positively correlated with negative mood states. In a similar vein, research by Behnke et
al. [15] explored which situations within video game play elicit positive and negative emotions among
gamers. They analyzed 652 responses from Counter-Strike: Global Offensive players to identify situa-
tions where players felt amusement, enthusiasm, anger, or sadness. The results showed that amusement
was experienced when mindless game mistakes were made during recreational play and enthusiasm was
felt when players had successful games in competitive settings, while anger was felt during unfair sit-
uations and sadness when losing a game. Furthermore, positive emotions were associated with clutch
performances, such as victories and skillful plays, and negative emotions with defeating scenarios, such
as poor performance, weak teammates, or unfair behavior by others [15].

In sum, both general gameplay factors and individual player performance play an important role
in shaping the player’s emotional experience. In terms of general gameplay factors, negative emotions
are associated with in-game losses, breakdowns in team communication and performance, and game
design-related changes, while positive emotions are associated with favorable gameplay factors, such as
winning, securing objectives, or cohesive team performance. In competitive settings, negative emotions
arise when an individual’s performance falls short of their own expectations, whereas positive emotions
emerge when those expectations are met. During recreational play, negative feelings related to player
performance may be less likely to emerge, although failure and poor performance can still affect the
emotional experience.

Taken together, many of the situations described above appear to overlap with instances of com-
petence need frustration. In particular, performance failures, critical mistakes, unfair situations, and
breakdowns in team coordination may undermine players’ sense of effectiveness and mastery during
gameplay. Especially in competitive settings, where expectations about one’s own performance are
salient, discrepancies between expected and actual outcomes may intensify emotional responses.

From the perspective of the present work, these findings are relevant because they illustrate how
emotionally charged moments can emerge naturally within gameplay. Rather than being rare or
artificial events, frustration, anger, and heightened arousal appear to be embedded in many gameplay
structures themselves. Such moments may therefore represent meaningful opportunities for providing
emotion regulation support directly within the ongoing activity.

Next, we turn to how esports players attempt to regulate their emotions during play. Emotional
control is considered an important aspect for maintaining performance in esports [65], and it can be
dissected into handling tilt, mental toughness, and dealing with stress.

In the context of video game play, the term tilt refers to a prolonged suboptimal state of mind,
occurring from a series of failures [98]. Once this state is reached, it can be very difficult to reconcile
performance and return to a more beneficial state. It has been found that, compared to traditional
athletes, esports competitors engage in less self-talk and have more negative thought patterns, which
may contribute to an increased likelihood of experiencing tilt [56]. The way tilt is perceived by players
can affect the emotional response it elicits. When tilt is caused by the game itself, players who
perceive tilt as something within their own control are more likely to respond with positive strategies
than players who do not. However, this does not make a difference if tilt arises from the player’s own
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performance [100]. In this case, it can be particularly difficult to deal with negative emotions in an
effective manner [100, 56].

Another aspect influencing emotional control is the mental toughness of the player. In traditional
sports, mental toughness has been linked to lower perceived stress and better emotional control [47].
However, this does not directly translate to esports contexts. It was found that esports athletes with
higher levels of mental toughness did not report lower stress levels or higher stress control [72]. This
difference could be explained by the different types of stressors esports players face compared to tradi-
tional athletes, such as technical issues or toxicity [72]. Moreover, in traditional sports, athletes with
greater mental toughness are more likely to perceive stressors as a challenge rather than a threat [68].
In esports, findings suggest that players perceive stressors as both a challenge and a threat [72]. The
online nature of esports may contribute to uncertainty, as players are often unable to choose their
teammates.

Finally, the way players deal with stress also affects their emotional control. Stress has been
shown to have a strong negative impact on the psychological well-being of esports players. The highly
competitive nature of the scene, combined with tournament formats that allow for limited rest between
matches, can induce significant stress levels among players [59]. Moreover, toxicity can add additional
challenges [60]. The ability to deal with this stress effectively can therefore shape the emotional
experience of the player.

From the perspective of the Process Model of Emotion Regulation introduced earlier, many of these
challenges concern difficulties not only in implementing regulation strategies, but also in identifying
when regulation is needed and selecting an appropriate strategy under time pressure. Competitive
esports contexts are fast-paced and emotionally volatile, which may constrain players’ ability to move
deliberately through the identification, selection, and implementation stages of regulation. This makes
it particularly relevant to examine which strategies are actually used during play and how they map
onto established emotion regulation families.

In an effort to regulate their emotional experience during play, esports players have developed sev-
eral coping strategies. These can be separated into three categories: problem-focused strategies, which
aim to directly address the situation eliciting the emotion; emotion-focused strategies, which target the
emotional response; and avoidance-focused strategies, which involve disengagement from the stressor.
Although players perceive problem-focused and emotion-focused strategies as more helpful [73], they
tend to rely on avoidance-focused strategies during competition [55, 85].

Besides these three categories of coping strategies, the ways players regulate their emotions can
be divided further. The first way emotion regulation takes form is through self-regulation. This
form of emotional self-care consists of internal strategies targeted toward the players’ own emotional
well-being. A qualitative study on League of Legends players [52] found that players utilized various
regulation strategies spanning all families of emotion regulation as described in the Process Model.
The first strategy observed was situation selection, where players choose which situations they prefer to
approach and avoid. Second was situation modification, such as muting players to reduce their negative
influence on the emotional experience. Third was attentional deployment, which involves shifting focus
to a different in-game goal, such as letting go of the fear of losing. Next was cognitive change, where
players reframe the appraisal of the situation using statements such as “it’s just a game”. Another
option was response modulation, which involves managing the response to the stimulus. Finally, social
interaction was utilized, meaning players turned to others for emotional support.

This suggests that, at least in principle, players are capable of engaging in regulation attempts across
the full emotion-generative trajectory. However, the extent to which these strategies are deliberately
selected, effectively implemented, or sustained under pressure remains unclear.

Besides self-regulation, emotion regulation also takes place within team contexts. Freeman and
Wohn [34] identified four themes of support within esports teams. The first was emotional support,
mediated through forms of friendship or romantic connections with teammates. Next, there was
informational support, referring to the transfer of game knowledge. Third was instrumental support,
which involves support both within and outside of the game, such as supporting each other’s in-game
as well as personal goals in real life. Lastly, there was esteem support, relating to attentiveness to the
emotional needs of other players within the team. From the perspective of the Process Model, these
forms of team-based support can be interpreted as supporting different families of emotion regulation
strategies. For example, informational and instrumental support may facilitate situation modification,
whereas emotional and esteem support may contribute to cognitive change or response modulation.
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However, while such distributed regulation may be relevant in team-based esports contexts, many
gameplay experiences, particularly in single-player settings, rely primarily on individual, in-the-moment
self-regulation. This places greater demands on the player’s ability to implement regulation strate-
gies independently during emotionally salient moments. In such contexts, brief and easily deployable
strategies targeting response modulation may be particularly suitable.

In similar research, Smith et al. [85] aimed to identify both the types of stressors faced and the
coping styles used by four elite Counter-Strike: Global Offensive players. They differentiated between
internal and external types of stressors. Internal stressors can be team-based, which may include
communication issues, criticism from the leader, lack of confidence in teammates, or the outcomes of
losing. They can also come from the individual themselves, such as issues with work-life balance and
general difficulty with managing one’s lifestyle. External stressors, on the other hand, may include
matters such as scrutiny and criticism, as well as issues relating to the competitive event. The study
again found a variety of coping styles that players utilized to deal with internal and external stres-
sors. Emotion-focused strategies such as controlled breathing were used, as well as problem-focused
strategies such as improving intra-team communication. However, players also reported an overuse
of avoidance-focused strategies. This may be due to a lack of effective problem- and emotion-focused
coping strategies. Such a lack may stem from insufficient training or from the fast-paced nature of com-
petitive play [85]. Regardless, this indicates the potential of brief emotion-focused regulation strategies
as interventions.

The authors of the systematic review move on to discuss how technical interventions may be used
to support the emotion regulation process of esports players [16]. They highlight how esports contexts
may facilitate richer emotional experiences than traditional sports, particularly due to the continually
updating game design as an influencing factor. At the same time, the technological nature of the scene
offers potential for creating new technologies that support emotion regulation and skill development.
To date, most interventions in the esports domain have focused on providing individualized real-
time feedback, which can increase emotional awareness among players and coaches and help identify
emotionally salient moments during play. Interventions that directly support response modulation,
such as structured breathing methods, are not prominently discussed. However, given that several
studies report a lack of effective emotion-focused regulation strategies, a gap appears to exist in this
area, although its applicability within competitive esports settings remains to be explored.

Taken together, these findings suggest a mismatch between the emotional demands of gameplay
and the strategies currently available to players during play. While players recognize the value of
emotion-focused regulation, such strategies are difficult to apply in fast-paced contexts, leading to an
overreliance on avoidance. This points to an opportunity for brief, low-effort interventions that can
be deployed in situ, without requiring players to independently identify, select, and implement an
appropriate strategy. The structured breathing intervention used in the present study addresses this
gap by targeting response modulation at moments of heightened frustration during gameplay.

2.7 Research Aim

The literature reviewed above highlights that competence need frustration is a common and conse-
quential experience in video games. Prior work has demonstrated that competence-thwarting gameplay
situations can negatively affect player experience and are associated with increased aggressive affect,
thoughts, and behavior. At the same time, players often persist in such situations due to external mo-
tivations, making competence frustration a recurring and emotionally salient part of gameplay rather
than a rare exception.

Despite this, existing research has largely focused on describing competence frustration and its
outcomes, rather than on designing and evaluating interventions that actively support players in reg-
ulating their emotional responses during these moments. In particular, little is known about how
competence-related frustration can be mitigated in situ, at the moment it occurs during gameplay.

Research on emotion regulation technologies has proposed a wide range of intervention strategies
and delivery mechanisms. However, most existing systems emphasize offline training, reflective support,
or biofeedback-based approaches. On-the-spot interventions that provide explicit experiential guidance
remain relatively rare, especially in gaming contexts. When such systems do exist, they often rely on
physiological sensing or implicit feedback, which increases technical complexity and may interfere with
gameplay.
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Furthermore, while response modulation strategies such as controlled breathing are well-established
as effective emotion regulation techniques, their application within interactive, performance-driven en-
vironments has received limited attention. In particular, the effectiveness of brief, guided breathing
exercises embedded directly into moments of competence frustration during gameplay remains under-
explored. It is unclear whether such interventions can meaningfully reduce felt frustration without
undermining player autonomy, engagement, or overall experience.

The present study aims to address these gaps by designing and evaluating an on-the-spot, response-
focused emotion regulation intervention embedded into gameplay. Specifically, it investigates whether
a brief, guided breathing exercise, triggered at moments of predicted competence frustration, can sup-
port players in regulating their emotional response and improve aspects of player experience.

Based on this aim, the study addresses the following research questions:

e RQ1: How does embedding a guided breathing intervention into gameplay influence players’
experiences of need satisfaction and need frustration compared to gameplay without such an
intervention?

e RQ2: How does embedding a guided breathing intervention into gameplay influence players’
experienced frustration and affective state?

e RQ3: How does embedding a guided breathing intervention into gameplay influence broader
aspects of player experience?

e RQ4: How does embedding a guided breathing intervention into gameplay influence player
performance?

Together, these questions seek to contribute empirical insight into the design of on-the-spot emotion
regulation interventions in games, and to explore the potential of response modulation strategies as a
viable approach for supporting players during emotionally challenging gameplay moments.

Based on prior work on breathing-based emotion regulation and competence-frustrating gameplay
experiences, the following hypotheses were formulated:

e H1: Participants receiving the guided breathing intervention will report differences in compe-
tence and autonomy satisfaction and frustration compared to participants in the control condi-
tion.

e H2: Participants receiving the guided breathing intervention will report lower levels of momen-
tary frustration and a more positive affective state than participants in the control condition.

e H3: Participants receiving the guided breathing intervention will report a more positive overall
player experience than participants in the control condition.

e H4: Participants receiving the guided breathing intervention will demonstrate improved game-
play performance compared to participants in the control condition.

The following chapter describes the methods used to evaluate these hypotheses.

3 Methodology

In this section, we describe the methodology employed in the present study. We first outline the game
designed for the experiment, followed by a description of the intervention component, the experimental
setup, and the analysis approach.

18



Figure 1: Opening section of the game Master Blaster

3.1 The Game

For the purpose of this study, a full game called Master Blaster was designed and implemented. The
game is a 2D platformer in which players attempt to reach the top of a vertically structured level by
navigating platforms and avoiding falls. The opening section of the game is shown in Figure 1. The
level was designed to provide a challenging gameplay experience, requiring players to learn and adapt
to the movement mechanics while progressing through the environment.

A challenging game experience naturally provides opportunities for frustration to emerge, particu-
larly when players encounter setbacks or lose progress. This was important for the present study, as
the intervention component was intended to support players in regulating their emotional responses
during such moments. Therefore, the game was designed to include challenging sections that could
elicit competence-related frustration, while still providing sufficient engagement to motivate continued
play.

Competence was selected as the primary target because it can be readily influenced through game-
play mechanics in a single-player context. By creating situations in which players experience difficulty,
mistakes, and progress loss, the game could elicit moments where players’ perceived competence was
challenged. These moments provided the context in which the effects of the emotion regulation inter-
vention could be evaluated.

3.1.1 Design Considerations

In order to design a game that is both engaging yet frustrating at times, we have taken inspiration
from Getting Over It with Bennett Foddy [33]. In this punishing climbing game, the player controls
a character whose body is stuck inside a cauldron and who must ascend an enormous mountain with
only a hammer at their disposal. The game is known for its difficulty and lack of checkpoints, meaning
players are likely to lose substantial progress following a single mistake. As players master the controls,
they are able to reach greater heights before falling, until eventually reaching the top of the mountain
and completing the game.

The controls can be unintuitive at first, and new players often do not expect to lose all their progress
following a single mistake. This can lead to moments that may be perceived as highly frustrating.
Adding to this is the map design, which not only features high-risk moves that can cause the player
to fall, but also forces the player to observe their character falling down the mountain after making
a mistake, emphasizing the progress that has been lost. Crucially, despite the game’s difficulty and
perceived unfairness, failures can generally be attributed to the player’s own actions, reinforcing an
internal attribution of responsibility for lost progress. Although there is no direct empirical evidence
demonstrating that this game induces competence need frustration, the repeated loss of progress and
attribution of failure to one’s own actions may plausibly contribute to experiences of competence
frustration.
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Based on these observations, the developed game incorporates several design principles inspired by
the gameplay of Getting Over It with Bennett Foddy. These aspects include:

Mechanics that are easy to learn but difficult to master.

The possibility of losing a substantial portion of progress due to a single mistake.

A strong sense of personal responsibility for progression loss.

Forced observation of failure.
e A gameplay experience that is perceived as difficult, but achievable.

These aspects were intended to create a challenging gameplay experience in which moments of compe-
tence frustration could naturally emerge and serve as meaningful delivery points for the intervention.

3.1.2 Development Process

The game followed an iterative development process, involving several rounds of prototyping, playtest-
ing, and refinement. While the main gameplay goals were clear from the start, translating these into
a playable and engaging game proved less straightforward. Throughout development, player feed-
back was continuously incorporated to improve both the feel of the game and its suitability for the
experimental setup.

The game was built in Unity (version 6000.2.9f1). Before focusing on level design or visual presen-
tation, the basic gameplay mechanics first had to be established, starting with the player movement.
As explained in Section 3.1.4, the movement was designed to feel smooth and responsive, ensuring
that failures would be attributed to the player’s own actions rather than to limitations of the con-
trols. Reaching this point required extensive fine-tuning of parameters such as ground acceleration,
air friction, gravity, and jump force.

Once the movement mechanics reached a satisfactory state, development shifted towards the game’s
main traversal mechanic: blasting. For this mechanic, two different concepts were prototyped and
playtested. In the first version, the player used a device that generated a gust of air. The recoil of
this blast launched the player in the opposite direction, providing additional mobility. In the second
version, the device launched an explosive projectile. Rather than the recoil itself moving the player,
the resulting explosion propelled the player away from the point of impact.

Both approaches had advantages and disadvantages. The recoil-based version was simple and
intuitive, but because the propulsion force always originated directly from the player’s device, there
was relatively little variation in how a jump could be performed. The projectile-based version offered
more freedom and creativity. Depending on the player’s distance from the explosion, the strength
of the launch could vary considerably. Furthermore, players had to position themselves relative to
walls and surfaces to achieve the desired movement, potentially creating a higher skill ceiling and
allowing for more demanding level design. However, this also increased the complexity of the mechanic
and introduced additional challenges in ensuring that the resulting movement remained intuitive and
consistent.

To determine which version was better suited for the study, separate prototypes were created for
both approaches. Each prototype featured a small test level showcasing some of the intended uses of
the mechanic. The recoil-based version emphasized longer jumps and mid-air direction changes, while
the projectile-based version focused on jumps of varying sizes and the strategic use of nearby walls to
gain additional height or distance.

Players then tested both versions and provided feedback. During this initial playtesting phase,
both prototypes were generally experienced as cumbersome and overly difficult. Although the basic
mechanics were functional, the movement still required further refinement and the blasting mechanics
were often perceived as unintuitive. One recurring observation was that players gained the most height
by jumping and blasting simultaneously. As a result, the blast often felt less like a distinct gameplay
mechanic and more like an additional input required for a regular jump. Despite these issues, most
players expressed a preference for the recoil-based version, largely because it felt more predictable and
consistent.

Based on this feedback, the recoil-based approach was selected for the final game. Although the
projectile-based version may have offered a higher skill ceiling, the consistency and intuitiveness of the
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recoil-based mechanic were considered more important for the goals of the study. Since participants
would only have limited time to become familiar with the game, the design benefited more from
mechanics that could be learned quickly than from additional complexity. At the same time, the
recoil-based system still provided sufficient depth to create a challenging gameplay experience.

With the core mechanics established, development could shift towards designing the level itself.
The main challenge here was creating a level that remained engaging while also providing moments
of genuine challenge and potential frustration. Early playtesting revealed that the initial versions
were excessively difficult, particularly in the lower sections of the map. Consequently, the level was
redesigned to introduce mechanics more gradually and provide a smoother difficulty curve.

The level was built from the ground up, starting with relatively accessible sections and gradually
increasing the challenge as the player progressed upwards. Throughout development, several additional
playtesting rounds were conducted to assess the difficulty, pacing, and overall feel of the game. After
each round, feedback was implemented and the design was iteratively refined until the desired balance
between challenge, engagement, and accessibility was achieved.

In addition to the gameplay systems themselves, most visual assets used in the game were created
specifically for this project using tools such as Inkscape and Adobe Photoshop. The only exception was
the background texture, which was obtained from an external source.

3.1.3 Gameplay

The final game resulting from this development process is a 2D plat-
former called Master Blaster. In the game, the player controls a
character that can move left and right, jump, and blast. The blasting
ability is one of the core mechanics of the game, allowing the player
to propel themselves in any desired direction. A blast is performed
by aiming with the crosshair and clicking the left mouse button. The
blasting device then launches a gust of air, propelling the player in
the opposite direction of the blast. By combining this blasting me-
chanic with walking and jumping, the player can traverse the level
by moving from platform to platform. The character control while
airborne is limited, emphasizing the importance of proper timing and
aiming of the blast.

The goal of the game is to reach the top of the level by traversing
the floating platforms. The game world consists of several color-coded
segments stacked directly above one another (Figure 2). As a result,
falling causes the player to drop into one or more lower segments, cre-
ating a natural sense of lost progress. The visual distinction between
the different segments may further reinforce this experience. During
playtesting, several players explicitly expressed disappointment after
falling back into the green section, suggesting that the segmented level Figure 2: Tllustration of sev-

design effectively emphasized progression loss. eral consecutive vertical slices
within the level

3.1.4 Movement

The movement mechanics of the game were a crucial element of the

game’s design. To induce the targeted competence frustration, it was important for players to attribute
their failure to their own actions, rather than to the lack of control over their character or unpredictable
movement mechanics. To this end, the movement was meticulously designed to feel smooth and
responsive, while keeping the mechanics relatively simple and straightforward.

The main movement system consists of walking left and right, combined with small jumps. In
addition to this, the player is able to boost themselves into the air by using the blast mechanic. While
the player is airborne, they are still able to steer horizontally, but with reduced effectiveness, reflecting
the lack of air resistance observed in the real world. This also means players must aim and time their
blast carefully to successfully traverse the level. Once the blast has been used, it has a short cooldown
of 0.6 seconds before being able to be used again. This prevents players from reaching higher spots
by stacking blasts in sequence. Furthermore, the player can only blast twice while airborne, providing
them with one grace shot, while still maintaining the punishing nature of the game. Adding to the
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realism and natural feel of the movement, the player’s momentum is preserved to some extent. The
player still loses velocity when input is absent, but this deceleration is harsher while grounded compared
to when airborne. This means the player can maintain their velocity obtained from a previous blast
when jumping shortly after touching the ground, further adding to a smooth and consistent movement
experience.

In addition to these basic mobility aspects, some hidden techniques were implemented in the
movement system. One of these is a so-called “Coyote Time”. This is a game design technique in
platformers that allows players to jump for a few frames after walking off a ledge. This ability acts
as a grace period to make the controls feel more responsive, forgiving and fair. In a similar manner,
jumps before landing are buffered and then acted upon as soon as the player touches the ground, also
contributing to a responsive feel.

3.1.5 Level Design

As stated, the goal of the game is to reach the top of the level by traversing the floating platforms. In
the design of the level, several factors were considered to ensure it fits the experimental setup.

First of all, the level consists of several horizontal slices, stacked on top of each other. At the start
of the game, the player is slowly introduced to the various mechanics the game offers. First the gaps
are small enough to allow traversal using only small jumps, but shortly after a blast must be utilized
to progress further. Then, properly timing the combined use of both a jump and a blast is required to
continue climbing, naturally forcing the players to get familiar with the basic mechanics. In addition
to this, a ghost-like player object is shown performing some of these unfamiliar jumps in earlier stages
of the level, introducing the player to the intended path and proper use of the blast feature.

As the player climbs, the jumps they have to perform become increasingly more difficult. This
is done in multiple ways. Rather soon into the level, moving platforms are introduced. If the player
stands on top of these, the platform will carry them along. Not only does this require the player to time
their jumps correctly, it may also stall them at times, especially in the easier sections of the level where
the platforms move relatively slow. This can make falling down even more frustrating. Another way
the sections increase in difficulty as the player progresses through the level, is by increasing the gaps
between the platforms, ensuring precise movement is required to reach the next platform. In similar
fashion, the platforms also decrease in size the higher the player gets. In addition to the gaps themselves
leaving less room for error, the player is challenged further by incorporating jumps where timing is
key. Examples of such cases are jumps where the player is first required to drop down a platform,
before blasting themselves onto the next one, carefully timing their jump to avoid hitting their head
along the way. A combination of moving platforms, larger gaps, smaller platforms and precise timing
jumps is used to scale the difficulty as the player progresses through the level. Meanwhile the color of
the platforms changes to reflect this challenge, shifting from bright green to red, before the platforms
eventually turn purple and pink. Figure 3 shows representative jumps from each of these sections,
illustrating how the platform layouts and traversal challenges become progressively more demanding.
As the player climbs, not only does the difficulty rise, but so do the stakes, as a single mistake may
result in the player having to start over from the beginning.

At the apex of the level, the player will reach a rainbow-colored platform, indicating they have
conquered all sections along the way and have completed the game. To prevent the completion of
the level from influencing the experiment results, the level was designed in such a way that it is very
unlikely that any participant was able to beat it within the experiment time frame. We will discuss
this in more detail in Section 3.3.3.

3.2 The Intervention Component

The second key component of the experimental setup was the intervention component. This component
was integrated into the game to provide players with a structured breathing exercise intended to down-
regulate frustration at appropriate moments. In its design, several important elements were considered.
First, there is the delivery mechanism, which relates to the distinction between didactic vs. experiential
and offline vs. on-the-spot experiences. Since the intervention directly guided the user through the
emotion regulation process, it falls under the experiential category. Second, it was aimed at supporting
the user during naturally occurring emotional situations, rather than teaching the user how to regulate
within a deliberate training context. As such, it provides on-the-spot support.
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(a) Green section jump (b) Orange section jump

(c) Red section jump (d) Purple section jump

Figure 3: Representative jumps from different sections of the level, illustrating the gradual increase
in difficulty. (a) The green section introduces the player to the basic movement mechanics using
relatively large platforms and forgiving jumps. (b) In the orange section, players are required to first
drop below a platform before carefully timing a blast to reach the next platform without colliding
with the ceiling above. (c) The red section introduces more constrained platform layouts, requiring
players to chain together jumps and blasts while avoiding overhead platforms to reach narrow landing
spots. (d) The purple section features the smallest platforms and the largest gaps, demanding highly
accurate movement and precise timing to successfully traverse the level.

3.2.1 Triggering System

Another important aspect concerned the triggering system for the delivery of the intervention. Here,
a distinction can be made between system-initiated, user-initiated, and situation-specific components.
Ideally, the system would intervene when the player reached a certain level of frustration. However,
dynamically assessing the player’s frustration during gameplay is difficult. For this reason, a heuristic
approach was adopted to determine when the intervention should be deployed, leveraging the structure
of the game.

The player’s progress was reflected by their current position along the ascent. This made loss of
height a useful gameplay-based proxy for moments in which the player’s progress had been meaning-
fully interrupted. Rather than estimating frustration directly, the triggering system therefore used
substantial progress loss as an indicator that an intervention moment might be relevant.

To trigger the intervention at relevant moments during gameplay, a multi-level triggering system
was designed to ensure comparable intervention timing across participants. This system prioritized
the most direct indicators of progress disruption, while including additional fallback triggers to ensure
that the intervention would still be activated if such moments did not occur in time.

The gameplay phase of the experiment lasted 10 minutes. During play, the triggering system aimed
to activate the intervention at two separate moments. This number was chosen as a design compromise,
allowing for repeated exposure to the intervention while limiting potential disruption to the gameplay
experience.

During the first two minutes of play, the intervention could not yet be triggered. This allowed
participants to familiarize themselves with the controls and make initial progress in the game, increasing
the likelihood that the intervention would be triggered following a meaningful loss of progress rather
than an early minor setback. After this initial phase, the first level of the triggering system was
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activated.
The triggering system consisted of the following four levels:

e Level 1: Fall from high score.
This first level prioritized triggers that were most likely to induce frustration, namely a substantial
loss of progress near the player’s highest reached position. The intervention was triggered when
the player was within a predefined threshold of their highest attained position (measured along
the vertical axis) and subsequently fell a significant distance.

This distance was considered significant if it exceeded either an absolute threshold (i.e., a fixed
vertical distance) or a relative threshold (i.e., a percentage of the player’s current progress). This
ensured that the intervention could be triggered both at lower and higher stages of progression
within the level.

The absolute threshold was set to 45 units, while the relative threshold was defined as a loss of
40% of the player’s current progress.

e Level 2: General fall.
The second level functioned similarly to the first, but without the requirement that the player
had fallen from near their highest attained position. In this case, falling a significant distance
alone was sufficient to trigger the intervention component. This level therefore acted as a lower-
priority alternative to Level 1, capturing substantial mistakes regardless of the player’s overall
progress.

e Level 3: Repeated failure in a local region.
The third level focused on players getting stuck on a particular section of the map, without losing
an amount of progress large enough to trigger the first two levels. It employed a lower threshold
for what constituted a fall and tracked all fall events within a 60-second window. If three of
these falls occurred within a similar section of the level, this was taken as an indication that the
player was struggling to progress past that area, and the intervention was triggered.

e Level 4: Fallback trigger.
The fourth level functioned as a final fallback, intended to trigger only in cases where no sub-
stantial triggering events occurred within the preferred time frame. In these cases, a single fall
exceeding 12 units was sufficient to activate the intervention.

The different triggering levels were not active simultaneously from the start of gameplay, but were
progressively unlocked over time. At any given moment, only the levels that had been unlocked up to
that point could trigger the intervention. This ensured that early gameplay remained uninterrupted,
while increasing the likelihood of intervention delivery later in the session. The exact timeline of the
10-minute gameplay phase can be seen in Figure 4.

L2 L4 L2 14
L1 L3 L1 L3
Gameplay starts Gameplay ends
P | | | T | | | T | | T | | | T | | &
T ! | ! | ! | ! | ! | ! | ! | ! | ! | ! hg
0:00 2:00 4:00 6:00 8:00 10:00

Figure 4: Timeline of the 10-minute gameplay phase with progressive level unlocks for intervention
opportunities. Major ticks represent 1-minute intervals and minor ticks represent 30-second intervals.
Familiarization phase lasted from 0:00 to 2:00. Intervention opportunity 1 was active from 2:00 to
10:00, and intervention opportunity 2 from 6:00 to 10:00. Unlock timestamps were L1/1.2/13/14 at
2:00/3:30/4:30/5:15 and 6:00/7:30/8:30/9:15, respectively.

Once an event satisfied the conditions of one of the currently unlocked levels, the intervention was
not triggered immediately. Instead, the system entered a short pending state. During or shortly after
a fall, players may still be in a panicked state, making additional mistakes in quick succession. As
the goal was to trigger the intervention at a moment of peak frustration, the system therefore delayed
activation to account for this.

If the player fell further during this pending state, which lasted approximately 2 seconds, the ad-
ditional fall was incorporated into the original event and treated as part of a single, larger fall. This
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prevented the intervention from being triggered prematurely. Furthermore, once the pending state
ended and the intervention was confirmed to trigger, it was only activated when the player reached
a grounded state. This ensured that the timing of the intervention itself did not interfere with the
player’s ongoing action or artificially influence their level of frustration.

The designed intervention component can be characterized as a hybrid between a system-initiated and
situation-specific approach. While the system initiated the intervention automatically, it did not rely
on bio-sensing to determine timing. Instead, a heuristic based on gameplay events was used to identify
situations that were likely to be perceived as frustrating.

3.2.2 The Breathing Exercise

The intervention itself consisted of a brief, structured breathing exercise based on the cyclic sigh
technique. A cyclic sigh involves a deep inhalation through the nose, followed by a second shorter
inhalation, and a slow, extended exhalation through the mouth.

During the intervention, players were guided through a series of cyclic sighs via on-screen instruc-
tions. Before play, participants in the breathing group were familiarized with the breathing exercise
and the instructional animations, to ensure correct execution of the exercise once the intervention was
triggered during gameplay.

Evidence suggests that visual breathing cues outperform audio-only instructions in helping users
follow a breathing pattern, with visualizations showing both improved breathing depth and higher
user preference [24]. Seeing the breathing pattern helps users match the target breathing rhythm
more easily. More recent work comparing four common breathing visualization styles used in mobile
applications found that a donut chart visualization scored highly both in breathing synchronization and
in user preference and usability ratings [26]. Based on these findings, and considering the asymmetric
and relatively unusual structure of the cyclic sigh breathing pattern, a donut chart style visualization
was selected for the guided breathing instructions provided during the intervention.

The donut chart visualization technique offers several advantages in this context. It clearly commu-
nicates the timing and progression of the different phases of the exercise through a segmented circular
progress indicator. Furthermore, it makes transitions between breathing phases predictable and easy
to anticipate by continuously displaying both the current phase and the phases that follow next. The
segmented ring structure also lends itself naturally to the three-phase structure of cyclic sighing, which
may be more difficult to represent clearly using alternative visualization techniques.

For the purpose of this study, a custom donut chart style breathing visualization was designed
and implemented to guide players through the cyclic sighing exercise. The visualization displayed
the various breathing phases, the progression through the current breathing cycle, and the number of
remaining cycles. An example of the visualization used in-game can be seen in Figure 5.

The breathing exercise itself consisted of two consecutive cyclic sighs. Each cycle contained a 2
second primary inhalation, followed by a 1 second secondary inhalation, and concluded with a slow 6
second exhalation. The extended exhalation was chosen in line with prior work on cyclic sighing and
exhale-emphasized breathing patterns, which are associated with reductions in physiological arousal
and increases in positive affect [11]. The decision to limit the intervention to two breathing cycles
was primarily motivated by the pacing of the gameplay experience. While a longer intervention may
potentially produce stronger regulatory effects, extending the duration further was expected to disrupt
gameplay flow to a greater extent.

Some prior work has incorporated biofeedback into breathing interventions by adapting the visu-
alization based on the user’s real breathing pattern. Such approaches may improve synchronization
between target and performed breathing, and can increase feelings of presence and engagement dur-
ing the exercise [32]. However, beginner users may initially experience the exercise as less relaxing
due to the additional attentional demands associated with actively matching their breathing to the
visualization [32]. Given the short duration of the intervention in the present work, as well as the
preference for conducting the experiment fully remotely, biofeedback was not incorporated into the
breathing exercise. This reduced the setup requirements for participants and lowered the barrier to
participation, while also simplifying the interaction during emotionally heightened gameplay moments.

In terms of delivery, the intervention provided experiential, on-the-spot support, as it guided the
player directly through the emotion regulation process during naturally occurring gameplay situations.
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Figure 5: In-game visualization of the guided breathing exercise, showing the donut-shaped breathing
indicator with distinct phases of the breathing cycle. The filled portion represents the elapsed time
within the current cycle, while the unfilled portion represents the remaining duration. The marker
indicates the player’s current position within the cycle and moves along the visualization as the exercise
progresses

Furthermore, the system provided ongoing support rather than a single prompt, scaffolding the player
throughout the execution of the regulation strategy.

3.3 Experimental Setup

The experimental setup of the study is described in the following sections. First, the overall study de-
sign and participants are introduced, followed by a description of the experimental procedure. Finally,
the measures used to assess the effects of the intervention are discussed.

3.3.1 Study Design

For this study, a between-subjects design was used, with participants being assigned to either the
breathing or control condition. This design choice was made primarily due to the dynamic nature of
the gameplay experience and the expected influence of prior experience with the game.

First of all, the player’s experience is expected to differ substantially when playing the game for
the first time compared to subsequent playthroughs. Part of the challenge of the game lies in becom-
ing familiar with the controls and gradually developing mastery over the movement mechanics. As
players become more proficient, they may experience fewer failures and approach challenging sections
of the level differently. This could influence not only their frustration levels, but also their perceived
competence, player experience, and gameplay performance. Furthermore, the extent to which players
adapt to the mechanics is likely to vary between individuals, making it difficult to account for these
effects by simply counterbalancing the order of conditions.

In addition to the effects of familiarity and learning, the heuristic approach used to determine
intervention timing further complicates a within-subjects design. Ideally, intervention moments should
occur at comparable levels of frustration across participants. However, even if a participant were to
encounter the same gameplay situation in a second playthrough, their previous experience with similar
failures and progression losses could influence their emotional response. This could make it difficult to
determine whether differences between conditions are caused by the intervention itself or by changes
in the player’s interaction with the game.

Furthermore, implementing two gameplay sessions would either substantially increase the total
duration of the experiment or require reducing the duration of each individual gameplay session.
The former could increase the barrier for participation, particularly given the fully remote nature of
the experiment, while the latter could reduce the amount of gameplay required for participants to
become sufficiently engaged with the mechanics of the game. It could also limit the extent to which
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participants were able to build up meaningful progress within the level, reducing the likelihood that
subsequent setbacks would be experienced as substantial or frustrating losses of progress. Although
counterbalancing the order of conditions could mitigate some of these concerns, the combination of skill
development, changing expectations, and dynamic gameplay interactions makes a between-subjects
design more suitable for the current study.

Throughout the experiment, both repeated and single-point measurements were collected. Re-
peated measurements were used to assess changes over time, including momentary frustration before
and after intervention moments, as well as frustration and affect before and after the gameplay session.
In addition, several post-game measures were collected to assess broader effects of the intervention on
psychological needs and player experience, while gameplay statistics were recorded throughout the
session to examine player performance.

3.3.2 Participants

Participants were recruited through convenience sampling. They were drawn from the researcher’s
personal networks, including fellow students, friends, family members, online gaming communities, and
online forums. Participation was voluntary and entirely remote. The minimum age for participation
was set at 18 years, with no maximum age restriction.

A total of 58 participants completed the study. During data cleaning, four participants were
excluded from the analysis. This included participants who did not progress sufficiently through
the game to experience both intervention moments, as well as participants who were inactive for a
substantial portion of the experiment. The final sample therefore consisted of N = 54 participants, of
whom 26 were assigned to the breathing condition and 28 to the control condition.

To better contextualize the participant sample and gameplay experience, demographic information
was collected regarding age, gender, region of residence, general gaming frequency, and familiarity with
platformer games. Participants ranged in age from 18 to 74 years (M = 28.24, SD = 13.00). The
sample consisted of 49 participants who identified as men and 5 participants who identified as women.
Most participants resided in the Netherlands (79.6%), with the remaining participants living elsewhere
in Europe (9.3%), North America (9.3%), and Asia (1.9%).

As shown in Figure 6, most participants reported moderate to high gaming frequency. The largest
group indicated that they played video games one to two times per week, followed by participants who
played daily and those who played one to three times per month. Relatively few participants reported
gaming less than once per month, suggesting that the sample was generally familiar with video games.
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Figure 6: Distribution of self-reported gaming frequency across all participants

Participants were also asked to rate their familiarity with platformer games, as prior experience with
this genre may influence gameplay performance and experienced frustration. Figure 7 shows that the
sample was generally familiar with platformer games. The largest group reported being moderately
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familiar, followed by participants who were slightly familiar and very familiar. Fewer participants
indicated no familiarity, while only a small number reported being extremely familiar.

Participants

Platformer familiarity

Figure 7: Distribution of self-reported familiarity with platformer games across all participants

3.3.3 Procedure

The experiment was conducted fully remotely. Participants accessed the game through a web browser
using a provided link and were informed that a mouse and keyboard were required to play the game
as intended. Data collection was integrated into the game itself, with both gameplay statistics and
questionnaire responses being stored automatically throughout the experiment.

Participants were assigned to one of two groups using an automated balancing procedure. To keep
group sizes balanced, each new participant was assigned to the group with the fewest fully completed
sessions, meaning sessions in which all final questionnaires had been completed. The first group was
the breathing group, in which participants were guided through the breathing exercise whenever the
intervention system was triggered. The second group was the control group. For this group, the same
intervention triggering system was used, but instead of performing the breathing exercise, participants
continued gameplay for the duration of the intervention period. Both groups completed the momentary
frustration assessment immediately before and after these intervention moments.

The procedure consisted of three phases, namely before, during, and after gameplay. Figure 8
provides an overview of the full experimental procedure, after which each phase is discussed in more
detail.

Before Play

Several steps were completed before participants started playing the game and interacting with the
intervention component. First, participants were asked to sign a consent form to ensure they were
voluntarily taking part in the experiment and were informed of their right to withdraw at any time
without penalty. Next, demographic information was collected to contextualize the participant sample
and gameplay experience. Finally, baseline measurements of affect and frustration were collected using
the Self-Assessment Manikin and a single-item frustration measure.

After the baseline measurements were completed, the breathing group was introduced to the breath-
ing exercise. First, a general overview of the cyclic sighing technique was provided, after which par-
ticipants were required to watch the animation of a single cycle at least once. At this point, they did
not have to actively follow the exercise yet, but were instructed to get a feel for the timing of the
different phases. In the next instructional panel, participants were asked to perform two full cycles of
the exercise, following the on-screen guidance. The instructions were presented in the same format as
during the gameplay phase, supporting correct execution during the experiment. After completing the
two cycles, participants could choose to repeat the practice session by returning to the previous panel,
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Figure 8: Overview of the experimental procedure. After providing consent, participants completed
demographic questions and baseline measurements before receiving gameplay instructions. During
gameplay, the dynamic intervention system was activated and the intervention cycle occurred twice.
Depending on the assigned condition, participants either completed the cyclic sighing exercise or con-
tinued gameplay for an equivalent duration between the pre- and post-intervention frustration assess-
ments. After completing the gameplay phase, participants completed post-game measures assessing
affect, frustration, and gameplay experience, followed by a debriefing.
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or proceed if they felt comfortable with the exercise. The breathing instructions were not provided to
the control group.

This familiarization phase in the breathing group may have influenced participants’ affective state
outside of the gaming context. Although this may have introduced a small difference between groups,
introducing the exercise for the first time during gameplay was not considered appropriate, as correct
adherence to the breathing pattern was essential. To limit the impact of the instructions on the baseline
measurements, affect and frustration were assessed prior to the breathing instruction and practice
phase. This allowed for a more comparable baseline between the breathing and control groups.

Before participants started playing the game, they were given brief instructions regarding the
objective of the game and the in-game controls.

Since need frustration is exacerbated when experienced difficulty deviates from a player’s expecta-
tions, care was taken to avoid shaping expectations about the game’s difficulty during this phase. To
this end, only minimal information about the challenging nature of the game was provided, and a full
debriefing was given after the gameplay phase was completed.

During Play

After the questionnaires were completed and the participant had read the introductory instructions,
the gameplay phase began. During the first two minutes of gameplay, no intervention could be triggered
yet, allowing the player to become familiar with the controls and game mechanics. After this initial
familiarization period, the intervention triggering system became active. Over time, if the player did
not lose substantial progress, additional triggering levels were progressively unlocked. A more detailed
description of the triggering logic and activation levels is provided in Section 3.2.1.

Ideally, each participant would experience exactly two intervention moments during gameplay.
However, due to differences in player skill, pacing, and the dynamic nature of movement throughout
the level, this could not be guaranteed in practice. Even so, the fourth triggering level, i.e., the fallback
trigger requiring only a relatively small fall, made it highly likely that participants would receive at
least one intervention during the session.

Since the level was handcrafted, the vertically stacked gameplay sections did not extend infinitely.
This meant that participants could theoretically reach the end of the level within the experiment time
frame. However, through extensive playtesting and iterative balancing of the level design, the game
was made sufficiently extensive and difficult to make this highly unlikely in practice. This prevented
completion of the game from influencing the player’s affective state in ways unrelated to the intervention
component. Indeed, none of the participants completed the entire level within their first 10 minutes
of play.

At moments of intervention, both groups first completed the single-item frustration measure, cap-
turing the participant’s frustration level immediately before the intervention period. Participants in
the breathing group were then guided through two cycles of the cyclic sighing breathing exercise. In
the control group, participants instead continued gameplay for an equivalent duration. After either
the breathing exercise or the equivalent gameplay period had concluded, all participants completed the
momentary frustration assessment once more. By measuring perceived frustration immediately before
and after the intervention period, the study could directly examine short-term changes in frustration
between the two groups.

For the control group, allowing participants to continue gameplay between the two frustration as-
sessments was not a trivial design decision. Alternative options, such as displaying a blank screen or
showing a passive waiting period, were also considered. However, since the aim was to compare the
breathing exercise against a baseline condition without an explicit regulation strategy, allowing partic-
ipants to simply continue playing was considered the most appropriate comparison. While gameplay
events occurring during this period could influence participants’ frustration levels, this approach more
closely resembles typical gameplay behavior, where players generally continue attempting to overcome
challenges after failure [46].

After Play
After the gameplay phase had concluded, participants completed the post-gameplay measurements,
consisting of assessments of affect, frustration, psychological need satisfaction and frustration, and
overall player experience.

After all questionnaires had been completed, the experiment concluded. Participants then received
a short debriefing statement explaining that the game had intentionally been designed to be highly
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challenging and potentially frustrating for the purposes of the study. Furthermore, participants were
informed that they were free to either close the game or continue playing from where they had left off.

3.3.4 Measures

Several measures have been taken before, during, and after gameplay. Together, these measures are
intended to capture both short-term changes elicited by the intervention and broader experiential out-
comes of the gameplay session. The timing of these measurements throughout the experiment has
been described in Section 3.3.3. The measures themselves are discussed below.

Need Satisfaction and Frustration

The present study is grounded in Basic Psychological Needs Theory (BPNT), a core component of
Self-Determination Theory, which proposes that the satisfaction and frustration of the needs for au-
tonomy, competence, and relatedness play a central role in motivation, well-being, and maladaptive
outcomes [80]. Of particular relevance to this work is competence need frustration, which has been
linked to negative affect, aggression, and maladaptive behavior in gaming contexts [74].

To assess psychological need satisfaction and frustration in gameplay contexts, the Basic Needs in
Games Scale (BANGS) provides a context-specific alternative to more general need satisfaction and
frustration measures. The BANGS was developed to capture both positive and negative game-related
experiences through the lens of Self-Determination Theory, explicitly measuring need satisfaction and
need frustration as related but distinct constructs [12]. This distinction aligns with prior work within
Self-Determination Theory, which argues that need frustration is not merely the absence of need sat-
isfaction, but reflects the active thwarting of psychological needs associated with distinct motivational
and emotional consequences [22, 90, 95].

The validity of the BANGS has been demonstrated across multiple studies, showing reliable mea-
surement of need satisfaction and frustration constructs and a factor structure that aligns with the
theoretical distinctions proposed within Self-Determination Theory [12]. By grounding item wording
directly in gameplay experiences, the scale is well suited to capturing variations in need satisfaction
and frustration that arise during play, compared to more general-purpose instruments such as the
Basic Psychological Need Satisfaction and Frustration Scale (BPNSFS) [22]. As such, the BANGS
has been proposed as a suitable measure for investigating need-based experiences in games, including
competence-related frustration during challenging or failure-prone gameplay situations [12].

Moreover, the BANGS has been used to examine differences in need satisfaction and frustration
across gameplay experiences and game designs, suggesting it is suitable for assessing competence
frustration within experimental gameplay contexts [12]. This aligns well with the aims of the present
study, which investigates emotion regulation in response to frustration elicited during gameplay.

In the context of the present work, competence need frustration was of particular relevance, as
the challenging nature of the game could give rise to competence-impeding situations. At such mo-
ments, the intervention aimed to support regulation of the player’s emotional response and mitigate
experienced frustration.

The original BANGS consists of 18 items covering autonomy, competence, and relatedness satis-
faction and frustration. However, for the purpose of the present study, the relatedness items were
omitted, resulting in a reduced 12-item version of the scale. This decision was made because the game
used in the experiment was entirely single-player, making the relatedness items less applicable to the
gameplay experience and potentially confusing for participants.

The remaining items consisted of statements relating to autonomy and competence experiences
during play, such as “I felt I made progress while playing the game”, or “I felt forced to take certain
actions in the game”. Participants responded using a 7-point Likert scale ranging from ‘Strongly
disagree’ (1) to ‘Strongly agree’ (7). Each item represented either satisfaction or frustration of a
particular psychological need, with construct scores calculated by combining the relevant items.

Momentary Frustration

Besides the need satisfaction and frustration measures, a separate single-item frustration measure was
included to more directly assess participants’ immediate subjective frustration levels throughout the
experiment. This measure is referred to as the momentary frustration measure throughout this thesis.
In contrast to competence need frustration, which reflects the thwarting of a psychological need, this
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measure focused specifically on the participant’s consciously experienced feeling of frustration at a
given moment in time.

The measure was used repeatedly across the experiment to capture fluctuations in frustration
before gameplay, surrounding the intervention moments during gameplay, and after the gameplay
session. In particular, it was intended to assess more immediate changes in frustration surrounding
the intervention moments, allowing for examination of the short-term effects of the breathing exercise.

No validated single-item measure specifically targeting momentary frustration was identified in the
reviewed literature. For this reason, a straightforward self-report question was designed with the aim
of minimizing interpretive ambiguity and bias. Participants were asked the question “How frustrated
do you feel right now?”, and responded using a 7-point Likert scale ranging from “Not at all” (1) to
“Extremely” (7).

Affect

Besides frustration and need frustration, the present study also assessed the players’ affective state.
Prior work has shown that affective responses during gameplay are closely related to competence-
related experiences, with competence-impeding situations associated with more negative affective
states [74]. Since the intervention in the present work aimed to down-regulate emotional responses fol-
lowing frustrating gameplay events, affect formed an important outcome measure alongside competence
frustration and momentary frustration.

To assess affective state, the Self-Assessment Manikin (SAM) [19] was used. The SAM is a non-
verbal pictorial assessment technique designed to measure emotional responses along three affective
dimensions: valence, arousal, and dominance. Valence reflects how pleasant or unpleasant an emotional
state is experienced, arousal reflects the degree of physiological or emotional activation, and dominance
reflects the extent to which a person feels in control versus overwhelmed by the situation.

The SAM was administered before and after the gameplay phase of the experiment, rather than
during gameplay. This allowed for a pre-post comparison of the overall affective state associated with
the game session and the intervention, without interrupting the gameplay experience itself. In this
context, the measure primarily captured more stable changes in affect across the experimental session
rather than moment-to-moment fluctuations.

Compared to questionnaire-based affect measures, the SAM is particularly suitable for brief assess-
ments of emotional state, as it can be completed quickly while imposing relatively low cognitive load
on participants [19]. This made it appropriate for use at the boundaries of the gameplay phase, where
it could be administered alongside the other post-gameplay measures without adding excessive burden
or making the post-experiment questionnaire set overly long.

Another advantage of the SAM is that it measures affect dimensionally rather than focusing on
discrete emotions. This aligns well with the goals of the present work, where the aim was not to
identify specific emotions individually, but rather to examine broader shifts in emotional state following
frustrating gameplay situations and the breathing intervention.

The SAM was implemented using a 7-point scale for each of the three affective dimensions. Partici-
pants selected the figure that best matched how they felt at that moment in time, resulting in separate
scores for valence, arousal, and dominance.

Player Experience
In addition to measuring need frustration and affect, it was also important to examine the overall player
experience, as it provides insight into how engaging, enjoyable, or challenging the gameplay is perceived
to be. Player experience encompasses both cognitive and emotional responses to game mechanics,
challenge, and interface design, and can help indicate the effects of the intervention component on not
just the player’s need frustration and affective state, but also on their general gameplay experience.

To assess player experience, the Player Experience Inventory (PXI) was used. The PXI offers a
comprehensive framework for capturing multiple dimensions of gameplay, including challenge, com-
petence, immersion, affective engagement, and flow-related experiences. The scale was designed to
assess both immediate, functional consequences of gameplay (e.g., ease of control) and higher-order
psychosocial outcomes (e.g., immersion and mastery), with construct validity and reliability supported
across multiple studies and populations [2].

In the context of the present study, the PXI was used to capture participants’ overall evaluation of
the gameplay experience. Since several other measures focused on more immediate emotional responses,
including the PXI provided a broader assessment of the gameplay experience, allowing the effects of the
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intervention to be examined beyond need satisfaction, frustration, and affect. The full version of the
PXI was used instead of the abbreviated variant. Although this increased the length of the post-game
questionnaire slightly, the overall questionnaire burden remained acceptable due to the relatively brief
state assessments and reduced BANGS questionnaire.

The PXI measures player experience at both the level of functional consequences, i.e. the immedi-
ate, tangible consequences, experienced as a result of game design choices, and the level of psychosocial
consequences, i.e. the emotional experiences, as a second-order response to game design choices. The
inventory consists of 11 constructs, measured by 3 items each. The constructs are ease of control,
goals and rules, challenge, progress feedback, audiovisual appeal, meaning, curiosity, mastery, immer-
sion, autonomy, and enjoyment. Each construct is measured via a 7-point Likert scale, ranging from
‘strongly disagree’ (—3) to ‘strongly agree’ (+3).

Performance

Besides the self-report measures collected throughout the experiment, several gameplay statistics were
recorded automatically. Whereas the questionnaires captured participants’ subjective experiences dur-
ing and after gameplay, these gameplay statistics provide a more objective indication of player perfor-
mance within the game.

The primary performance measures consisted of the greatest height reached during the gameplay
session, the total number of falls, the average distance climbed between falls, and the percentage
of falls that occurred from the player’s highest attained position. Together, these measures capture
different aspects of player progression and failure throughout the game, allowing the performance of
the breathing and control groups to be compared from multiple perspectives.

Furthermore, all gameplay was logged as a sequence of game states, allowing gameplay sessions to
be replayed afterwards. A custom replay viewer was developed for this purpose, making it possible to
inspect gameplay sessions and identify invalid sessions for exclusion without requiring participants to
record their screens during the fully remote experiment.

4 Results

In this section, the results of the experiment are presented. As the analyses were based on valid
sessions in which participants received both intervention moments, four of the 58 completed sessions
were excluded. The reported analyses are therefore based on the final sample of N = 54 participants.

The results are presented in the following order. First, need satisfaction and frustration are exam-
ined. Next, momentary frustration and affect are analyzed, followed by the evaluation of overall player
experience. Finally, player performance is analyzed.

4.1 Need Satisfaction and Frustration

Need satisfaction and frustration were measured at the end of the gameplay phase for the needs of
competence and autonomy. Figure 9 shows the distribution of construct scores, and Table 1 reports
descriptive statistics. Visually, the boxplots suggest slightly higher competence satisfaction and lower
competence frustration in the control group compared to the breathing group. In contrast, autonomy
satisfaction and frustration appear more similar between groups. More generally, substantial overlap
can be observed across all construct score distributions.

Competence satisfaction scores were relatively high for both groups, whereas competence frustration
was also reported at a moderate to relatively high level. Compared to the breathing group, the control
group appeared to report somewhat higher competence satisfaction and lower competence frustration.
Autonomy satisfaction and frustration were both reported around moderate levels and appeared more
comparable between groups, with only modest differences in the descriptive statistics.

A Shapiro-Wilk test of normality indicated that competence satisfaction and competence frustration
deviated significantly from a normal distribution, with p = .008 and p = .048, respectively. Based
on these assumption checks, Mann-Whitney U tests were used to examine differences between the
breathing and control groups on the post-game need scores (see Table 2). The results did not show
any significant differences for competence satisfaction, competence frustration, autonomy satisfaction,
or autonomy frustration. These null results are consistent with the boxplots and descriptive statistics,
which show substantial overlap between the groups. The rank-biserial correlations are small and do
not indicate a meaningful group effect.
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Figure 9: Boxplots showing the distribution of BANGS construct scores for (a) competence satisfac-
tion, (b) competence frustration, (c¢) autonomy satisfaction, and (d) autonomy frustration across the
breathing and control group, with individual participant scores overlaid as jittered points

4.2 Momentary Frustration

Perceived frustration over time formed one of the primary outcome measures of the present study.
In total, frustration was assessed at six measurement points. First, a baseline measurement was
taken before gameplay. During gameplay, frustration was measured immediately before and after each
intervention moment, resulting in four additional measurements. Finally, frustration was assessed
once more after the gameplay phase had concluded. Figure 10 illustrates the progression of perceived
frustration over time, while descriptive statistics for each measurement point are reported in Table 3.

Visually, the measurements appear to show an overall increase in frustration over time. Frustration
levels rose substantially from the pre-game baseline to the first intervention moment, after which
a decrease can be observed following the intervention. A similar pattern appears for the second
intervention, with frustration levels again increasing leading up to the intervention and decreasing
afterwards. Despite these temporary decreases, post-game frustration levels remained notably higher
than the pre-game baseline for both groups, suggesting an overall upward trend in perceived frustration
across the gameplay phase.

Table 1: Descriptive statistics of BANGS construct scores for competence and autonomy satisfaction
and frustration across study groups

Autonomy satisfaction Competence satisfaction Autonomy frustration Competence frustration

Breathing Control Breathing Control Breathing Control Breathing Control
N 26 28 26 28 26 28 26 28
M 3.69 4.11 4.71 5.29 3.96 3.49 4.81 4.16
SD 1.23 1.41 1.43 1.38 1.07 1.36 1.30 1.80
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Table 2: Mann-Whitney U tests comparing study groups

Measure U D b
Competence satisfaction 279.5 .144  0.232
Competence frustration  444.5 .164 -0.221
Autonomy satisfaction 295.0 .234 0.190
Autonomy frustration 435.0 .220 -0.195

Note. Mann-Whitney U tests compare the Breathing and Control groups. p values are two-tailed. Effect sizes are
rank-biserial correlations (r,1,). The standard error for r,, (estimated from nq1 = 26, ny = 28) is 0.157 for all tests.
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Figure 10: Mean frustration over time by study group with 95% confidence interval error bars

Table 3: Descriptive statistics of momentary frustration scores across the six measurement time points

Post int. 2

Post game

Breathing Control Breathing Control Breathing Control Breathing Control Breathing Control Breathing Control

M
SD

26
2.08

Pre game Pre int. 1 Post int. 1 Pre int. 2
28 26 28 26 28 26
2.11 4.23 3.75 3.35 3.32 4.85
1.26 1.68 1.88 1.26 1.79 1.83

1.23

28
4.54
1.99

26
3.69
1.62

28
4.00
1.83

26
4.62
1.68

28
4.25
1.86
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A mixed ANOVA was conducted to examine frustration across the intervention moments, using a
2 x 2 x 2 mixed design with pre/post intervention (pre, post) and intervention moment (intervention 1,
intervention 2) as within-subjects factors, and study group (breathing, control) as a between-subjects
factor. For this analysis, only the frustration measurements surrounding the interventions were in-
cluded, corresponding to measurement points 2-5 in Figure 10 (see Table 4).

There was a significant main effect of pre/post intervention, F'(1,52) = 36.77, p < .001, 77% = 414,
indicating that frustration decreased from pre to post intervention overall. There was also a significant
pre/post intervention x study group interaction, F(1,52) = 4.71, p = .035, 7712j = .083, suggesting that
the pre/post change differed between study groups. Based on Figure 10 and the descriptive statistics
in Table 3, this interaction suggests a larger pre- to post-intervention decrease in frustration for the
breathing group compared to the control group. In addition, there was a significant main effect of
intervention 1 versus intervention 2, F'(1,52) = 23.19, p < .001, 77;% = .308, indicating that frustration
levels differed between the first and second intervention moments. The descriptive statistics in Table 3
suggest that frustration levels were higher before and after the second intervention compared to the first
intervention, indicating that participants experienced increasing frustration as gameplay progressed.
However, there was no significant intervention x study group interaction, F'(1,52) = 1.00, p = .323,
n? = .019. The pre/post x intervention interaction was not significant, F(1,52) = 1.13, p = .292,
ng = .021, and the three-way interaction between pre/post intervention, intervention 1/2, and study
group was also not significant, F'(1,52) = 0.21, p = .649, nf) =.004.

The between-subjects test showed no overall difference between study groups, F(1,52) = 0.086,
p<.771, 772 = .002, indicating that averaged across time points the breathing and control groups did
not differ in frustration.

Table 4: Within- and between-subjects effects on frustration before and after each intervention

Effect

Sum of Squares df Mean Square F p m,
Within-subjects effects
Pre/post intervention 30.390 1 30.390 36.770 < .001 414
Pre/post intervention x Study group 3.889 1 3.889  4.705 .035 .083
Error 42.980 52 0.827
Intervention 19.830 1 19.830 23.190 < .001 .308
Intervention x Study group 0.852 1 0.852  0.996 323 .019
Error 44.480 52 0.855
Pre/post intervention x Intervention 0477 1 0.477 1.131 292 .021
Pre/post intervention x Intervention x Study group 0.089 1 0.089  0.210 .649 .004
Error 21.950 52 0.422
Between-subjects effects
Study group 0.871 1 0.871  0.086 771 .002
Error 528.300 52 10.160

Note. Type III sums of squares.

Furthermore, a mixed ANOVA was conducted to examine changes in frustration across all six
measurement points, using measurement time point as a within-subjects factor and study group as
a between-subjects factor (see Table 5). Because Mauchly’s test indicated that the sphericity as-
sumption was violated for the repeated-measures factor, Greenhouse-Geisser corrected degrees of free-
dom were used for the within-subjects effects. The analysis showed a significant main effect of time,
F(3.768,195.9) = 50.58, p < .001, 7712, = .493, indicating that frustration changed substantially over
the course of the session. However, the interaction between time and study group was not significant,
F(3.768,195.9) = 1.279, p = .281, 12 = .024, suggesting that the overall time course of frustration
did not differ reliably between the breathing and control groups. The between-subjects effect of study
group was also not significant, F'(1,52) = 0.130, p = .720, 77;% = .002, indicating no overall difference
in frustration between groups.

To examine the shape of the frustration trajectory in more detail, polynomial contrasts were com-
puted for the repeated-measures factor (see Table 6). Significant linear, quadratic, cubic, and quintic
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components indicated that the change in frustration was not simply monotonic, but instead followed
a more complex non-linear pattern across the session. Based on the observed time course, frustration
increased sharply from the pre-game baseline to the first intervention period, decreased after the first
intervention, rose again before the second intervention, decreased again after the second intervention,
and then increased toward the post-game measurement. This pattern suggests an overall upward
tendency in frustration across the session, overlaid with alternating peaks and troughs around the
intervention phases. The quartic trend was not significant, indicating that this specific component did
not contribute meaningfully to the overall shape of the trajectory.

Table 5: Mixed ANOVA effects on frustration across six time points and study group

Effect Sum of Squares df Mean Square F P 773
Within-subjects effects

Time 234.0 3.768 62.09 50.58 < .001 .493
Time x Study Group 5.914 3.768 1.570 1.279 281 .024
Error 240.5 195.9 1.228

Between-subjects effects

Study Group 1.598 1 1.598 0.130 720 .002
Error 641.2 52 12.33

Note. Type III sums of squares. Greenhouse-Geisser correction was applied because the sphericity assumption was
violated for the repeated-measures factor.

Table 6: Polynomial contrasts for the time effect on frustration, averaged over study group

Contrast  Estimate SE df t D
Linear 1.509 0.159 52 9.485 < .001
Quadratic -0.798 0.140 52 -5.706 < .001
Cubic 0.543 0.124 52 4.367 < .001
Quartic -0.177 0.095 52 -1.862 .068
Quintic 1.048 0.128 52 8.175 < .001

Note. Results are averaged over the levels of: study group.

To complement the six-point repeated-measures analysis and directly assess whether frustration
changed from immediately before to immediately after gameplay, a separate 2 x 2 mixed ANOVA was
conducted, with time (pre-game, post-game) as a within-subjects factor and study group (breathing,
control) as a between-subjects factor. This analysis showed a significant main effect of time, F'(1,52) =
105.3, p < .001, 7712, = .669, indicating that frustration significantly increased from pre- to post-game.
However, the interaction between time and study group was not significant, F(1,52) = 0.752, p = .390,
7712) = .014, suggesting that this increase did not differ reliably between the breathing and control
groups. The main effect of study group was also not significant, F'(1,52) = 0.230, p = .633, 77% =.004,
indicating no overall difference in frustration between groups.

4.3 Affect

Before and after gameplay, participants self-assessed their levels of valence, arousal, and dominance
by selecting a figure for each affective dimension on the SAM scale. Figure 11 illustrates the reported
values, while Table 8 presents the corresponding descriptive statistics.

Valence levels were relatively high before play for both groups and decreased by more than one
point on average on the 7-point scale after gameplay. Arousal levels were moderate before play and
appear to have increased following gameplay. Dominance levels were also moderate before play and
appear to have decreased slightly after gameplay, although the change was relatively small.

To assess whether changes over time and differences between groups were significant, mixed repeated-
measures ANOVAs were conducted for valence, arousal, and dominance. As noted above, valence was
high before play and dropped by more than a full point on the 7-point scale after play. For valence
(see Table 9), there was a significant main effect of Time, F'(1,52) = 24.74, p < .001, 7)% = .322,
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Table 7: Mixed ANOVA effects on frustration before and after gameplay

Effect Sum of Squares df Mean Square r p o
Within-subjects effects

Time 147.7 1 147.7 105.3 < .001 .669
Time x Study Group 1.055 1 1.055 0.752 .390 .014
Error 72.95 52 1.403

Between-subjects effects

Study Group 0.757 1 0.757 0.230 .633 .004
Error 171.0 52 3.288

Note. Type III sums of squares.
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Figure 11: Self-Assessment Manikin (SAM) scores before and after gameplay by study group for
(a) valence, (b) arousal, and (¢) dominance, with points representing group means and error bars
representing 95% confidence intervals

Table 8: Descriptive statistics for SAM by time and group

Valence (Pre) Valence (Post) Arousal (Pre) Arousal (Post) Dominance (Pre)  Dominance (Post)
Breathing Control Breathing Control Breathing Control Breathing Control Breathing Control Breathing Control

N 26 28 26 28 26 28 26 28 26 28 26 28
M 5.42 5.25 3.81 4.04 3.69 3.32 4.50 4.18 4.31 4.14 4.04 3.68
SD 1.17 0.93 1.74 1.55 1.49 1.72 1.73 1.85 1.52 1.56 1.69 1.68
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indicating a reliable decrease from pre- to post-game. The main effect of Study Group was not signif-
icant, F'(1,52) = 0.012, p = .912, 1712, < .001, and the Time x Study Group interaction was also not
significant, F'(1,52) = 0.497, p = .484, 77127 = .009, suggesting the decrease in valence was similar across
groups.

Table 9: Mixed ANOVA effects on valence before and after gameplay

Effect Sum of Squares df Mean Square F D 7712)
Within-subjects effects

Time 5397 1 53.97 24.74 < .001 0.322
Time x Study Group 1.084 1 1.084 0.497 484 0.009
Error 113.4 52 2.181

Between-subjects effects

Study Group 0.020 1 0.020 0.012 912 239 x 1074
Error 85.16 52 1.638

Note. Type III sums of squares.

For arousal (see Table 10), there was a significant main effect of Time, F(1,52) = 8.394, p = .005,
77% = .139, indicating higher arousal after play. The main effect of Study Group was not significant,
F(1,52) = 0.901, p = .347, 77;2; = .017, and the Time x Study Group interaction was not significant,
F(1,52) = 0.007, p = .932, 77]2J < .001, suggesting similar pre-post increases across groups.

Table 10: Mixed ANOVA effects on arousal before and after gameplay

Effect Sum of Squares df Mean Square F P 77%
Within-subjects effects

Time 18.68 1 18.68 8.394 .005 0.139
Time x Study Group 0.016 1 0.016 0.007 .932 1.42 x 10~*
Error 115.7 52 2.226

Between-subjects effects

Study Group 3231 1 3.231 0.901 .347 0.017
Error 186.5 52 3.587

Note. Type III sums of squares.

For dominance (see Table 11), there was no significant main effect of Time, F'(1,52) = 1.386,
p = 244, n7 = .026. The main effect of Study Group was also not significant, F'(1,52) = 0.720,
p = .400, n? = .014, and the Time x Study Group interaction was not significant, F(1,52) = 0.098,
p =.755, n; = .002. This suggests dominance remained relatively stable over time and did not differ
between groups.

Table 11: Mixed ANOVA effects on dominance before and after gameplay

Effect Sum of Squares df Mean Square F D 773
Within-subjects effects

Time 3.627 1 3.627 1.386 .244 0.026
Time x Study Group 0.256 1 0.256 0.098 .755 0.002
Error 136.0 52 2.616

Between-subjects effects

Study Group 1.856 1 1.856 0.720 .400 0.014
Error 134.0 52 2.577

Note. Type III sums of squares.
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During the experiment, informal observations suggested that some participants found the domi-
nance dimension more difficult to interpret than the other SAM dimensions. Specifically, some par-
ticipants asked for clarification regarding the distinction between feeling controlled versus dominant.
As these observations were not systematically collected, they were not analyzed quantitatively and are
only considered as a potential interpretation issue.

4.4 Player Experience

Player experience was assessed at the end of the gameplay phase using the Player Experience Inventory.
Figure 12 shows the distribution of construct scores, and Table 12 reports descriptive statistics across
both study groups.

Overall, several constructs appear to be rated at slightly positive levels, in particular immersion,
curiosity, ease of control, and clarity of goals. Other constructs, such as meaning and autonomy,
appear closer to neutral or slightly negative values on average, indicating more mixed evaluations
across participants. Considerable variability can be observed across constructs, as reflected in the
relatively large standard deviations.

Comparing the two study groups, the control group generally shows slightly higher mean scores
across most constructs, most notably for mastery, clarity of goals, progress feedback, and audiovisual
appeal. However, for many constructs the differences between groups appear relatively small, and the
distributions show substantial overlap. Overall, both groups exhibit a broadly similar pattern of player
experience across the different PXI dimensions.

Table 12: Descriptive Statistics for Player Experience Inventory Constructs

Construct Group N M SD
Breathing 26 -0.308 1.649

Meani
canne Control 28  0.024 1437
Breathing 26  0.090 1.536

Mastery
Control 28 0.750 1.509
Immersion Breathing 26  1.205 0.838
Control 28 1.333 1.129
Autonom Breathing 26 -0.372 1.595
Y Control 28  0.048 1.410
Curiosity Breathing 26  1.321 1.593

Control 28 1.560 1.180

Breathing 26  1.128 1.303
Control 28 1.214 1.228

Breathing 26  0.436 1.478
Control 28  0.548 1.231

Breathing 26  0.449 1.749
Control 28  0.762 1.490

Breathing 26 0.513 1.452
Control 28  0.869 1.347

Breathing 26  1.782 1.591
Control 28  2.131 0.867

Breathing 26  0.885 1.720
Control 28 1.107 1.483

Ease of Control

Challenge

Progress Feedback

Audiovisual Appeal

Clarity of Goals

Enjoyment

To compare the breathing and control groups on the Player Experience Inventory constructs, Mann-
Whitney U tests were conducted (Table 13). None of the constructs showed statistically significant
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Figure 12: Boxplots of Player Experience Inventory constructs by study group
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Each panel shows the distribution of one Player Experience Inventory construct for the breathing and control groups.
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group differences (all p > .162). Effect sizes were uniformly small (rank-biserial r;, < 0.223), with
the largest differences observed for mastery (ry, = 0.223) and autonomy (r,, = 0.170). Overall, these
results indicate similar PXI need satisfaction and frustration scores across the two groups.

Table 13: Mann-Whitney U tests for Player Experience Inventory constructs

Measure U P Trb
Meaning 324.5 498 0.109
Mastery 283.0 .162 0.223
Immersion 330.0 .560 0.093
Autonomy 302.0 .286 0.170
Curiosity 352.5 .848 0.032
Ease of control 359.0 .937 0.014
Challenge 355.0 .883 0.025

Progress feedback  330.5 .566 0.092
Audiovisual appeal 311.0 .361 0.146
Clarity of goals 350.5 .818 0.037
Enjoyment 335.5  .626 0.078

Note. Mann-Whitney U tests compare the Breathing and Control groups. p values are two-tailed. Effect sizes are
rank-biserial correlations (r,1,). The standard error for r;, (estimated from nq = 26, ny = 28) is 0.157 for all tests.

4.5 Performance

Throughout the gameplay phase, a range of performance statistics was recorded. From these, four
primary metrics were selected for analysis: the greatest height reached during the play session, the total
number of falls, the average distance climbed between falls, and the percentage of falls that occurred
from the player’s highest attained position. Figure 13 shows the distributions of these metrics, while
Table 14 reports the corresponding descriptive statistics.

The boxplots suggest broadly similar distributions across the breathing and control groups for all
four performance metrics. This observation is consistent with the descriptive statistics reported in
Table 14, where the group means differ only slightly and the variability within groups, as reflected by
the standard deviations, is generally comparable. No clear visual indication of substantial performance
differences between groups is apparent.

Table 14: Descriptive statistics of primary performance measures across study groups

Greatest height achieved ~ Number of falls ~ Average climb before fall Falls from PB (%)

Breathing Control Breathing Control Breathing Control Breathing Control
N 26 28 26 28 26 28 26 28
M 139.70 148.30 28.08 30.07 32.45 32.26 36.09 32.69
SD 75.15 63.54 9.26 7.75 8.06 7.68 19.20 14.77

Note. Falls from PB values are reported as percentages.

Shapiro-Wilk tests indicated significant departures from normality for all four performance mea-
sures. Consequently, Mann-Whitney U tests were used to compare the breathing and control groups
on each metric (see Table 15). No significant group differences were found for greatest height achieved,
number of falls, average climb before falling, or the percentage of falls that occurred from the player’s
highest attained position. These null results are consistent with the boxplots and descriptive statistics,
which show substantial overlap between the groups. The observed effect sizes were small across all
comparisons, indicating no meaningful differences in gameplay performance between the breathing and
control groups.

42



300 40

]
S 250 %0
2 ® -
S 200 - = A
= k]
S 150 - 5 20
2 o
= £
@ 100 — E]
= 6 Z 10 [}
£ 50
O] o °
0 - 0-
[ [ I [
Breathing Control Breathing Control
Study Group Study Group
(a) Greatest height achieved (b) Number of falls
55 1.0 - o
_ [°)
T 50 - °©
o < 087 °
S 45 - R S o
3 40 2 06 - 8
o)
£ © E
5 35 - 2
o = 0.4 —
[ L]
& 30 - ©
o 02 o’
Z 25 - 3
20 - 0.0 -
[ I [ I
Breathing Control Breathing Control
Study Group Study Group
(c¢) Average climb before fall (d) Falls from PB (%)

Figure 13: Boxplots showing the distribution of the primary performance measures across the breathing
and control groups, with individual participant scores overlaid as jittered points. Panels show (a)
greatest height achieved, (b) number of falls, (c) average climb before fall, and (d) percentage of falls
that occurred from the player’s highest attained position.

Table 15: Mann-Whitney U tests comparing study groups on the primary performance measures

Measure U P Trb
Greatest height achieved 320.0 .455 0.121
Number of falls 319.5 445  0.122
Average climb before fall 361.0 .966  0.008
Falls from PB (%) 4225 315 -0.161

Note. Mann-Whitney U tests compare the Breathing and Control groups. p values are two-tailed. Effect sizes are
rank-biserial correlations (r,1,). The standard error for r,, (estimated from ny = 26, ny = 28) is 0.157 for all tests.
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5 Discussion

This chapter discusses the findings of the study in relation to the research questions and hypotheses
presented in Section 2.7. First, the results regarding need satisfaction and frustration are examined,
followed by momentary frustration, affect, player experience, and gameplay performance. The chapter
then reflects on the limitations of the study and concludes with directions for future research.
Overall, the findings suggest that the guided breathing intervention was effective in reducing mo-
mentary frustration following intervention moments, but did not result in significant differences in
need satisfaction and frustration, affective state, player experience, or gameplay performance. The
following sections explore these findings in greater detail and discuss possible explanations for these
outcomes, as well as their relevance for future research on emotion regulation interventions in games.

5.1 Need Satisfaction and Frustration

From the results of the reduced BANGS, no significant differences between study groups were found
for competence and autonomy satisfaction or frustration. Since the game was designed as a challenging
platformer in which setbacks and progress loss could occur, one aim of the intervention was to support
players in regulating their responses during moments where their perceived competence was challenged.
The moderate to relatively high levels of competence frustration reported in the control group may
indicate that the game successfully created situations in which players experienced difficulty and set-
backs. However, similar levels were reported for the breathing group, suggesting that the breathing
exercise did not meaningfully influence competence frustration as measured after the gameplay phase
had concluded.

Interestingly, relatively high levels of competence satisfaction were also observed for both groups.
This may indicate that participants experienced the game as frustrating, while still feeling some sense
of capability or improvement during play. Although the game was intentionally challenging, players
may have gradually become more familiar with the controls and movement system over the course of
the session. Even if they continued to fall or lose progress, moments of successful movement, reaching
higher sections, or understanding how to recover from mistakes may have contributed to feelings of
competence. This does not necessarily imply that participants experienced strong overall mastery
of the game, but rather that the game could provide both competence-supporting and competence-
impeding experiences. The finding that competence satisfaction and frustration were both reported at
moderate to high levels further supports the view that need satisfaction and need frustration should
be treated as related but distinct constructs, rather than opposite ends of a single dimension, in line
with prior work [5, 91].

For autonomy, both satisfaction and frustration were reported at moderate levels for the two study
groups, and no significant differences were found. One expectation was that interrupting gameplay with
a mandatory breathing exercise might negatively influence participants’ perceived sense of autonomy,
as it temporarily restricted player agency. However, no evidence for such an effect was found. This
may indicate that the intervention was not experienced as particularly autonomy-thwarting, or that
the interruption introduced by the momentary frustration assessments and experimental procedure was
comparable between groups. At the same time, the absence of an effect should be interpreted cautiously,
as more subtle differences may have gone undetected within the current sample. Together, these
findings provide no support for H1, as the guided breathing intervention did not result in differences
in competence or autonomy satisfaction and frustration compared to the control condition.

5.2 Momentary Frustration

The results show a clear increase in self-assessed frustration across the duration of the experiment.
Not only did frustration increase from before to after gameplay, but frustration levels also increased
between the first and second intervention moments. This suggests that the game design was successful
in eliciting the target frustration state among participants. However, no significant difference was
observed in frustration levels pre- and post-gameplay between groups, suggesting that both groups
experienced a comparable overall increase in frustration across the gameplay session.

When examining the effects of the intervention moments, several findings stand out. First, frustra-
tion levels decreased following the intervention interval for both the breathing and control group. In
the breathing group, this means participants reported lower frustration after completing the breathing
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exercise. Interestingly, participants in the control group, who simply continued playing during the
same time interval, also reported lower frustration afterward.

A likely explanation for this decrease in both groups lies in the way the intervention timing was de-
signed. The triggering system aimed to activate the intervention after moments of substantial progress
loss, when frustration was expected to be relatively high. Following such events, participants often
found themselves at lower sections of the level, where both the potential fall distance and gameplay
difficulty tended to be lower. As a result, the period immediately after a triggering event may nat-
urally have involved fewer severe mistakes and a gradual recovery from peak frustration, even in the
absence of a regulation strategy. Furthermore, frustration may not necessarily be a long-lasting emo-
tional state, meaning that a decrease over time could be expected even without an explicit regulation
strategy. In other words, the control group may have experienced a natural recovery from a temporary
frustration peak, while the breathing group received additional support in facilitating this recovery.

Although frustration decreased in both groups, the magnitude of this decrease differed. Participants
in the breathing group showed a significantly stronger reduction in frustration following intervention
moments compared to the control group. This suggests that the breathing exercise contributed to
a greater short-term reduction in perceived frustration beyond the decrease that occurred through
gameplay continuation alone. At the same time, no overall difference between groups was observed
when considering frustration across all six measurement points, suggesting that these short-term effects
did not translate into broader differences in frustration throughout the gameplay session. These
findings provide partial support for H2: while the guided breathing intervention was associated with
a stronger reduction in momentary frustration following frustrating gameplay events, no evidence was
found that it resulted in lower overall frustration levels across the entire gameplay session.

5.3 Affect

The SAM results provide insight into how participants’ affective state changed throughout the game-
play experience. Before gameplay, valence levels were relatively high for both groups. This may
indicate that participants felt positively inclined or interested in the upcoming gameplay experience.
The significant decrease in valence from pre- to post-gameplay may reflect several factors. It may
partly be explained by participants becoming more accustomed to the game after initial anticipation
had worn off. At the same time, the challenging and frustrating nature of the gameplay may also have
contributed to lower valence levels. For example, repeated failure, loss of progress, or being unable
to complete the level within the allotted time may have negatively influenced participants’ affective
state. It is likely that multiple of these factors jointly contributed to the observed decrease in valence.
However, no significant difference in valence was found between study groups, suggesting that the type
of intervention did not meaningfully influence valence at the end of the gameplay phase.

Arousal levels started at moderate levels and increased significantly after gameplay. This may indi-
cate that the challenging gameplay experience increased alertness and engagement, although heightened
stress or tension may also have contributed to this effect. Again, no significant difference was found
between study groups, suggesting that the breathing exercise and continuation of gameplay resulted
in comparable post-gameplay arousal levels.

For dominance, pre-gameplay measures indicated moderate levels of perceived control. Although
dominance appeared to decrease slightly after gameplay, this difference was not significant. Likewise, no
significant difference was observed between study groups. Overall, dominance levels remained relatively
stable over time and did not differ meaningfully between groups. One possible explanation is that this
dimension may have been more difficult for some participants to interpret compared to the other SAM
dimensions. Informal observations during pilot sessions and live observation of participants suggested
that some participants were uncertain about the distinction between feeling controlled versus dominant.
However, as these observations were anecdotal and not systematically collected, this interpretation
should be treated with caution.

Overall, the findings provide no evidence that the guided breathing intervention resulted in a more
positive affective state compared to the control condition. Therefore, the affect-related part of H2 is
not supported, as no differences between groups were found in the pre- to post-gameplay changes in
valence, arousal, or dominance.
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5.4 Player Experience

Several player experience constructs received positive ratings, most notably immersion, curiosity, ease
of control, and clarity of goals. This suggests that the game was successful in capturing the players’ at-
tention, encouraging them to explore what lay ahead, while at the same time providing clear objectives
and intuitive controls. From the perspective of the present study, this is encouraging, as it suggests
that the frustration experienced by participants was less likely to stem from confusion regarding the
controls or objectives of the game and more likely to originate from the intended gameplay challenge
itself.

Other constructs, such as meaning and autonomy, received scores that were generally neutral or
slightly negative. Thus, although the objective of the game was clear, namely reaching the top of
the level, the purpose behind this objective may have been less apparent to participants. The game
could potentially have benefited from a small narrative framing or backstory, providing additional
context and meaning to the player’s actions. The somewhat lower autonomy scores may be explained
by the relatively linear nature of the gameplay, which constrained players to a largely predefined route
through the level. The intervention component may also have contributed to this perception, as both
the breathing exercise and the momentary frustration assessments temporarily interrupted the player’s
ongoing activity.

Although the PXI constructs provide valuable insight into the overall gameplay experience, no
significant differences between groups were found for any of the measured constructs. This does not
support the expectation stated in H3 that the breathing intervention would lead to a more positive
overall player experience compared to the control condition. Instead, the results suggest that embed-
ding the breathing exercise into gameplay did not have a measurable impact on the broader player
experience.

Although no significant group differences were found, some differences in effect sizes provide poten-
tial directions for further exploration. Of the eleven PXI constructs, mastery showed the largest effect
size, although it remained small and did not approach statistical significance. Mean mastery scores
were somewhat higher in the control group than in the breathing group. One possible explanation is
that participants in the control group may have attributed their progress entirely to their own actions,
whereas participants in the breathing group may have perceived the emotion regulation support as
partially contributing to their performance. However, this interpretation remains speculative, and
further research would be required to determine whether the use of an intervention component can
influence players’ sense of mastery in this way.

5.5 Performance

Four primary metrics were selected to assess player performance: the greatest height reached during the
play session, the total number of falls, the average distance climbed between falls, and the percentage
of falls that occurred from the player’s highest attained position. The statistical analyses revealed no
significant differences between groups for any of these measures, providing no support for H4 that the
guided breathing intervention would positively influence gameplay performance.

The absence of performance differences suggests that although the breathing intervention resulted
in a stronger short-term reduction in frustration following intervention moments, this did not translate
into measurable changes in gameplay behavior. One possible explanation is that reducing frustration
does not necessarily improve performance directly, particularly in a challenging platforming context
where success may depend more strongly on factors such as prior gaming experience, familiarity with
the controls, and individual differences in motor skill. Additionally, the relatively short gameplay
duration may have limited the opportunity for emotional regulation effects to influence longer-term
performance development.

Another possibility is that the intervention was primarily effective in regulating the emotional
response to challenging events rather than changing how participants interacted with the game. In
this case, players may have felt less frustrated after difficult moments without necessarily making fewer
mistakes or progressing further through the level. This interpretation is consistent with the observed
distributions, which showed substantial overlap between groups across all performance measures and
no clear trends favoring either condition. Future research with longer gameplay sessions or repeated
exposure to the intervention could provide further insight into whether emotion regulation strategies
can influence gameplay performance over time.
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5.6 Implications

The findings have several implications for the design of embedded emotion regulation interventions
in games. Most importantly, the results suggest that brief guided breathing can support short-term
recovery after frustrating gameplay events. Participants in the breathing group showed a stronger
decrease in momentary frustration after intervention moments than participants in the control group.
This indicates that even a short breathing exercise, embedded directly into gameplay, can have a
measurable effect on players’ immediate emotional experience.

At the same time, the results also show the limits of such an intervention. The breathing exercise
did not lead to lower overall frustration across the full gameplay session, nor did it produce significant
differences in psychological need satisfaction and frustration, affective state, player experience, or
gameplay performance. This suggests that reducing frustration in the moment is not necessarily
sufficient to change how players evaluate the broader gameplay experience or how they perform in the
game. For designers, this means that embedded breathing exercises may be most useful when the goal
is to help players recover from specific moments of frustration, rather than when the goal is to produce
broader changes in outcomes such as enjoyment, perceived competence, or performance.

This distinction is important because the breathing intervention primarily targeted response mod-
ulation. It aimed to reduce participants’ immediate emotional and physiological response after a
frustrating gameplay event, but it did not directly change how players interpreted failure, setbacks,
or their own performance. This may help explain why the intervention reduced momentary frustra-
tion after intervention moments, but did not lead to lower overall frustration across the full gameplay
session. After returning to gameplay, players could still experience later falls as equally competence-
impeding or discouraging. In that case, each new setback may again produce frustration, even if the
previous frustration peak was reduced. The intervention may therefore have helped players recover
from individual moments of frustration, without changing the broader appraisal process through which
repeated setbacks became frustrating in the first place.

This points to a useful distinction for future game-based emotion regulation design. Interventions
that target response modulation, such as breathing exercises, may be particularly suitable when the
goal is to provide brief support during or directly after emotionally intense moments. However, when
the aim is to reduce frustration across a longer gameplay session, it may be necessary to combine
such strategies with interventions that target cognitive change, such as reappraisal. For example, a
game could help players reinterpret setbacks as part of learning or experimentation, rather than as
evidence of poor performance. Such strategies may be more likely to influence how later failures are
experienced, although this remains to be tested in future work.

Another implication concerns the timing of emotion regulation support. The present study used a
dynamic gameplay-based triggering system rather than physiological sensing or player self-initiation.
The results suggest that such an approach can identify meaningful moments for intervention, at least
in a game where frustration is closely tied to observable events such as substantial progress loss. This
is practically relevant because gameplay-based triggering is easier to implement than systems that
require additional sensors, and it may be less demanding for players than asking them to recognize
and initiate regulation strategies themselves.

However, the suitability of such interventions likely depends on the gameplay context. In a single-
player platformer, a brief interruption after a large setback may be acceptable, because the player is
already temporarily removed from the flow of progress. In other contexts, such as fast-paced mul-
tiplayer games, interruptions may be more disruptive, socially visible, or even disadvantageous. In
those cases, emotion regulation support may need to be integrated in a less intrusive way, for example
through optional prompts, between-round exercises, or mechanics that allow players to regulate while
continuing to interact with the game.

Finally, the study raises questions about whether embedded interventions should only support
immediate regulation, or whether they should also help players develop emotion regulation skills over
time. The breathing exercise in the present study was fully guided and system-initiated, meaning that
participants did not need to decide when or how to regulate their frustration. This may be useful for
short-term support, but it may not help players learn to apply regulation strategies independently.
Future designs could therefore explore more scaffolded approaches, in which guidance is gradually
reduced or players are encouraged to recognize suitable moments for regulation themselves. Such
approaches may be especially relevant if the goal is not only to reduce frustration during a single
session, but also to support longer-term emotion regulation skills in gaming contexts.
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5.7 Limitations

Several limitations should be considered when interpreting the results of this study.

First, the study relied primarily on self-report measures. This was appropriate given that frustra-
tion, affect, and player experience are subjective experiences, but it also means that the results may
have been influenced by response biases. For example, participants may have guessed that frustration
was an important part of the study, may have tried to give answers that seemed helpful, or may have
been hesitant to report how frustrated they were with a game that was clearly made for the experiment.
This risk was likely increased by the repeated frustration question. Because participants were asked
about frustration before gameplay and again during the session, they may have become more aware
of their own frustration than they would have been otherwise. This is difficult to avoid in a study
that aims to measure frustration during gameplay, but it should be kept in mind when interpreting
the results.

A second limitation concerns the timing of the measurements. Momentary frustration was measured
directly before and after each intervention moment, but competence and autonomy satisfaction and
frustration were only measured once, after gameplay had ended. Affect was also only measured before
and after gameplay. As a result, the study cannot show how these needs or affective states changed
throughout gameplay, or whether they changed directly after specific competence-impeding events.
This was a deliberate trade-off, since adding more questions during gameplay would have made the
experience more disruptive. However, future work could examine whether measuring need satisfaction,
need frustration, or affect closer to the moments where these experiences occur provides a more detailed
understanding of how emotion regulation interventions affect players during play.

Another limitation concerns the breathing intervention itself. Although participants were guided
through the exercise, the remote setup made it impossible to verify whether they actually performed
the breathing exercise as instructed. Some participants may have followed the guidance closely, while
others may have only partially engaged with it or skipped parts of the exercise mentally. As a result,
the actual exposure to the intervention may have differed between participants, even though the same
guidance was presented to everyone in the breathing condition.

The dynamic nature of the game also introduced variability that was difficult to control. The
triggering system was designed to activate after substantial progress loss, but participants moved
through the level at different speeds, made different mistakes, and encountered frustrating moments in
different parts of the level. This variability was part of the intended gameplay experience, but it also
means that the intervention moments were not identical across participants. In addition, participants
in the control group continued playing during the intervention interval. Events occurring during
this period may therefore have influenced their frustration levels independently of the absence of the
breathing exercise. Gameplay statistics were recorded to make further inspection of these intervals
possible, but fully controlling for this variation remains challenging.

The sample size of the study was also relatively modest. While the study was able to detect some
effects, smaller effects may have remained undetected. This is particularly relevant for outcomes such
as player experience, psychological need satisfaction and frustration, and gameplay performance, where
several differences between the breathing and control groups were small and non-significant.

The composition of the sample also limits the generalizability of the findings. Most participants
identified as men, with 49 participants identifying as men and 5 identifying as women. As a result,
the findings may not fully generalize to more gender-balanced samples. Future studies should aim
to recruit a more diverse participant sample to examine whether similar effects are observed across
different groups of players.

Furthermore, no qualitative data were collected. This was done to keep participation time limited
and to reduce participant burden in the remote study setup. Nevertheless, even a short open-ended
question at the end of the experiment could have provided useful additional insight. For example,
participants could have described how they experienced the breathing exercise, whether the timing felt
appropriate, or how they perceived the difficulty and frustration of the game.

Finally, the findings should be understood in relation to the specific game and intervention design
used in this study. The intervention was evaluated in a custom-designed, highly challenging platformer,
where frustration could arise through repeated setbacks and loss of progress. It remains unclear whether
similar effects would be found in other genres, in games with different pacing, or with other forms of
emotion regulation support. Future work is therefore needed to examine how well these findings
generalize beyond the current experimental context.
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5.8 Future Work

The present study provides an initial exploration of guided breathing as an embedded emotion regu-
lation intervention in games. Several opportunities for future research emerge from the findings.

First, future studies could further investigate the relationship between emotion regulation inter-
ventions and psychological need satisfaction and frustration. Although no significant differences were
found for competence or autonomy satisfaction and frustration, this does not necessarily imply that
such effects do not exist. Replicating the study with a larger sample size may help determine whether
more subtle effects of the intervention on psychological needs can be detected.

Relatedly, future work could examine need satisfaction and frustration at multiple moments through-
out gameplay rather than only after the gameplay session has concluded. Assessing competence sat-
isfaction and frustration closer to competence-impeding events may provide a more detailed under-
standing of how emotion regulation interventions influence players’ experiences in the moment.

The results also raise interesting questions regarding player experience, particularly the mastery
construct. Although no significant differences were observed, mastery showed the largest effect size
of all PXI constructs. Future research could investigate whether emotion regulation interventions
influence how players attribute success and failure during gameplay. For example, players may differ
in the extent to which they perceive their progress as resulting from their own abilities versus external
support provided by the game.

Another promising direction concerns gameplay performance. While no significant performance
differences were observed in the present study, future work could investigate whether performance-
related effects emerge over longer gameplay sessions or across multiple play sessions. It is possible
that short-term reductions in frustration require more time to influence learning, adaptation, and
performance outcomes.

The timing and integration of the intervention itself also warrant further investigation. In the
present study, interventions were triggered dynamically based on gameplay events that were expected
to correspond to elevated frustration, such as substantial losses of progress. While this approach proved
effective in identifying moments at which frustration was likely to be high, future work could explore
more advanced player modeling approaches that estimate frustration directly from player behavior.
Such systems could potentially adapt intervention timing more precisely to individual players and
may prove particularly valuable when applying emotion regulation interventions to game genres where
frustration is less closely tied to observable gameplay events.

In addition, future studies could explore alternative ways of embedding breathing exercises into
gameplay. Rather than temporarily interrupting gameplay, it may be possible to design mechanics that
encourage paced breathing while allowing players to continue interacting with the game. Such an ap-
proach could reduce disruption and potentially alleviate concerns regarding autonomy or interruptions
to the gameplay experience.

Another direction for future work is to compare interventions that target different stages of the
emotion regulation process. The breathing intervention used in the present study primarily targeted re-
sponse modulation, as it aimed to reduce participants’ immediate emotional and physiological response
after frustrating gameplay events. However, it did not directly alter how players interpreted failure,
setbacks, or their own performance. This may help explain why the intervention reduced momentary
frustration following intervention moments, but did not lead to lower overall frustration across the full
gameplay session. Future research could therefore compare breathing-based response modulation with
strategies that more directly target cognitive change, such as reappraisal. Such work could help deter-
mine whether changing how players interpret repeated setbacks produces more sustained reductions
in gameplay-related frustration.

Future work could also incorporate qualitative feedback alongside quantitative measures. Even
brief open-ended responses could help clarify how players experienced the intervention, whether the
timing felt appropriate, and whether the breathing exercise was perceived as supportive or disruptive.
Such feedback would be particularly useful for interpreting why the intervention reduced momentary
frustration, but did not affect broader measures of need satisfaction, affect, player experience, or
performance.

Finally, the present study focused on a single emotion regulation strategy in a custom-designed
platforming game. Future research could investigate the effectiveness of embedded emotion regulation
interventions across a broader range of game genres and gameplay contexts. This is important because
different games may give rise to different emotional experiences and may place different constraints on
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when and how regulation support can be provided. For example, frustration in a single-player plat-
former may primarily arise from repeated failure and loss of progress, whereas frustration in fast-paced
multiplayer games may be shaped more strongly by social pressure, team dependence, competition,
or perceived unfairness. These contexts may also differ in the suitability of different interventions. A
brief interruption may be acceptable in a single-player game, but could be disruptive or impractical
during real-time multiplayer gameplay. Future work should therefore examine not only whether em-
bedded emotion regulation interventions are effective, but also how their timing, format, and degree
of disruption should be adapted to different gameplay situations.

6 Conclusion

This thesis investigated whether a brief, guided breathing intervention embedded directly into gameplay
could support the regulation of competence-related frustration in games. To this end, a custom single-
player platformer was developed in which players were repeatedly exposed to challenging traversal
situations, setbacks, and loss of progress. A dynamic triggering system was used to identify moments
during gameplay that were expected to correspond to heightened frustration, after which participants
either completed a guided cyclic sighing exercise or continued gameplay for an equivalent duration.

Overall, the results suggest that the intervention was effective in reducing momentary frustration
directly after intervention moments. Although frustration decreased in both the breathing and control
groups, the decrease was significantly larger for participants who completed the breathing exercise.
This provides partial support for the idea that brief, guided breathing can help players down-regulate
frustration in the moment, even when the intervention is delivered remotely and without physiological
sensing.

At the same time, this effect appeared to be temporary. No significant difference between groups
was found when considering frustration across the full gameplay session, and both groups showed
a comparable increase in frustration from before to after gameplay. In other words, the breathing
exercise seemed to support short-term recovery after frustrating events, but this did not result in lower
overall frustration by the end of the gameplay phase.

The effects of the intervention were also limited in scope. No significant differences were found
between the breathing and control groups for competence or autonomy satisfaction and frustration,
affective state, broader player experience, or gameplay performance. This suggests that while the
intervention may have helped players recover emotionally after specific frustrating gameplay events,
this did not translate into measurable changes in how they evaluated the overall gameplay experience or
how they performed in the game. The findings therefore provide support for the short-term regulatory
potential of the breathing exercise, but not for broader effects on psychological needs, affect, player
experience, or performance within the current study design.

The study contributes to research on emotion regulation in games in several ways. First, it presents
the design and evaluation of an embedded breathing-based intervention for supporting players during
frustrating gameplay moments. Second, it provides empirical evidence that such an intervention can
reduce momentary frustration following competence-impeding events, even if this reduction does not
appear to persist across the full gameplay session. Third, it explores a dynamic, gameplay-based
approach for identifying suitable intervention moments without relying on physiological sensors. This is
relevant because many emotion regulation systems depend on biofeedback or offline training, while the
present work shows that simpler, gameplay-based triggering can still identify emotionally meaningful
moments during play.

Several limitations should be kept in mind when interpreting these findings. The study relied pri-
marily on self-report measures, and not all constructs were measured repeatedly during gameplay. The
remote setup also made it impossible to verify whether participants performed the breathing exercise
exactly as instructed. Furthermore, the intervention was evaluated in a single custom platforming
game, which limits the extent to which the results can be generalized to other genres or gameplay
contexts.

Future work could build on these findings by measuring psychological needs and affect closer to
the moments where frustration occurs, by incorporating qualitative feedback, and by testing similar
interventions across different types of games. It may also be valuable to explore alternative ways of
integrating breathing exercises into gameplay, for example by allowing players to continue interacting
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with the game while regulating their breathing. More advanced player modeling could further improve
the timing of interventions by estimating frustration more directly from gameplay behavior.

In conclusion, this thesis shows that a brief guided breathing exercise can provide meaningful short-
term support during frustrating gameplay moments. Although the intervention did not reduce overall
frustration by the end of the gameplay session or affect broader player experience and performance
outcomes, it did reduce momentary frustration following dynamically triggered intervention events.
These findings suggest that embedded, low-complexity emotion regulation support may be a useful
direction for future game design and HCI research, especially in contexts where players encounter
frustration but may not have the time or attention available to select and apply regulation strategies
on their own.
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Appendix A: Ethics and Privacy Quick Scan

Response Summary:

Section 1. Research projects involving human participants

P1. Does your project involve human participants? This includes for example use of observation, (online)
surveys, interviews, tests, focus groups, and workshops where human participants provide information or
data to inform the research. If you are only using existing data sets or publicly available data (e.g. from X,
Reddit) without directly recruiting participants, please answer no.

e Yes

Recruitment

P2. Does your project involve participants younger than 16 years of age?
e NO

P3. Does your project involve participants with learning or communication difficulties of a severity that may
impact their ability to provide informed consent?
e NO

P4. Is your project likely to involve participants engaging in illegal activities?
e No

P5. Does your project involve patients?
e NO

P6. Does your project involve participants belonging to a vulnerable group, other than those listed above?
e NO

P8. Does your project involve participants with whom you have, or are likely to have, a working or
professional relationship: for instance, staff or students of the university, professional colleagues, or clients?
e Yes

P9. Is it made clear to potential participants that not participating will in no way impact them (e.qg. it will not
directly impact their grade in a class)?
e Yes

Informed consent

PC1. Do you have set procedures that you will use for obtaining informed consent prior to collecting data

from all participants, including (where appropriate) parental consent for children or consent from legally

authorized representatives? (See suggestions for information sheets and consent forms on the website.)
e Yes

PC2. Will you tell participants that their participation is voluntary?
e Yes
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PC3. Will you obtain explicit consent for participation?
e Yes

PCA4. Will you obtain explicit consent for any sensor readings, eye tracking, photos, audio, and/or video
recordings?
e Yes

PCS5. Will you tell participants that they may withdraw from the research at any time and for any reason?
e Yes

PC6. Will you give potential participants time to consider participation?
e Yes

PC7. Will you provide participants with an opportunity to ask questions about the research before consenting
to take part (e.g. by providing your contact details)?
e Yes

PC8. Does your project involve concealment or deliberate misleading of participants?
e Yes

Ethics Warning. A As you plan to use concealment or misleading (yes to PC8), and this may impact
participants' rights to informed consent, a fuller ethical review is required. Please provide more information
on the concealment/misleading here:

The participants will not be aware of the aim of the study whilst participating in the experiment. Before the
experiment, they will receive a introductory text, stating that they will be playing a game. For the sake of the study,
this text will suggest the game will be rather easy, but in reality it is designed to be quite difficult. This is to create a
mismatch between the participants expectations and their actual performance.

Section 2. Data protection, handling, and storage

The General Data Protection Regulation imposes several obligations for the use of personal data (defined as any
information relating to an identified or identifiable living person) or including the use of personal data in research.

D1. Are you gathering or using personal data (defined as any information relating to an identified or
identifiable living person)?
e No

Section 3. Research that may cause harm

Research may cause harm to participants, researchers, the university, or society. This includes when technology has
dual-use, and you investigate an innocent use, but your results could be used by others in a harmful way. If you are
unsure regarding possible harm to the university or society, please discuss your concerns with the Research Support
Office.

H1. Does your project give rise to a realistic risk to the national security of any country?
e NoO
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H2. Does your project give rise to a realistic risk of aiding human rights abuses in any country?
e NoO

H3. Does your project (and its data) give rise to a realistic risk of damaging the University’s reputation? (E.g.,
bad press coverage, public protest.)
e NO

H4. Does your project (and in particular its data) give rise to an increased risk of attack (cyber- or otherwise)
against the University? (E.g., from pressure groups.)
e NO

H5. Is the data likely to contain material that is indecent, offensive, defamatory, threatening, discriminatory, or
extremist?
e NO

H6. Does your project give rise to a realistic risk of harm to the researchers?
e NO

H7. Is there a realistic risk of any participant experiencing physical or psychological harm or discomfort?
e Yes

H8. Is there a realistic risk of any participant experiencing a detriment to their interests as a result of
participation?
e NO

H9. Is there a realistic risk of other types of negative externalities?
e NO

Ethics Warning. A As you replied yes to one (or more) of H1-H9, a fuller ethical review is required.
Please provide more detail here on the potential harm, and how you will minimize risk and impact:
The aim of the study is to evaluate the effectiveness of an embedded guided breathing intervention in a game that is
intended to induce (competence need) frustration. This means the participants will likely be slightly frustrated or
stressed during play.

Section 4. Conflicts of interest

C1. Is there any potential conflict of interest (e.g. between research funder and researchers or participants
and researchers) that may potentially affect the research outcome or the dissemination of research findings?
e NO

C2. Is there a direct hierarchical relationship between researchers and participants?
e NoO
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Section 5. Your information.

This last section collects data about you and your project so that we can register that you completed the Ethics and
Privacy Quick Scan, sent you (and your supervisor/course coordinator) a summary of what you filled out, and follow up
where a fuller ethics review and/or privacy assessment is needed. For details of our legal basis for using personal data
and the rights you have over your data please see the University’s privacy information. Please see the guidance on
the ICS Ethics and Privacy website on what happens on submission.

Z0. Which is your main department?
e Information and Computing Science

Z1. Your full name:
Adrianus Cornelis Klaver

Z2. Your email address:
a.c.klaver@students.uu.nl

Z3. In what context will you conduct this research?
e As a student for my master thesis, supervised by::
Julian Frommel

Z5. Master programme for which you are doing the thesis
e Game and Media Technology

Z6. Email of the course coordinator or supervisor (so that we can inform them that you filled this out and
provide them with a summary):
j-frommel@uu.nl

Z7. Email of the moderator (if you are studying a programme from Information and Computing Sciences,
please leave the value provided, otherwise change this to the moderator as provided by the coordinator of
your thesis project):

ics-ethics@uu.nl

Z8. Title of the research project/study for which you filled out this Quick Scan:
The Impact of Embedded Emotion Regulation Techniques in Games on Player Mood and Experience

Z9. Summary of what you intend to investigate and how you will investigate this (200 words max):
This study investigates whether a brief, guided breathing exercise embedded directly into gameplay can support the
regulation of competence-related frustration. Participants will play a custom-designed single-player digital game
intended to induce moderate levels of competence frustration through challenging tasks and repeated failure
scenarios.
To experimentally elicit competence frustration, participants will receive introductory information that frames the
game’s difficulty in a way that may create expectations about their likely performance. The actual difficulty of the
game may not fully match these expectations, thereby creating a mismatch between anticipated and experienced
performance. This manipulation is intended to induce competence-related frustration in a controlled manner.
Participants in the experimental condition will be prompted at predefined moments to perform a short, structured
breathing exercise integrated into gameplay. Participants in the control condition will play the same game without
the breathing intervention.
Self-report questionnaires will assess perceived competence frustration, affective state, and player experience. No
physiological data will be collected. The use of expectation framing will be fully disclosed during debriefing.
Participation is voluntary and may be discontinued at any time. All data will be anonymized and stored securely in
accordance with university guidelines.
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Z10. In case you encountered warnings in the survey, does supervisor already have ethical approval for a
research line that fully covers your project?
e No

Scoring

e Privacy: 0
e Ethics: 2
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