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Abstract 

Emotion transmission often occurs in social interactions but has attracted limited 

attention in the education domain. Given the frequent interactions among teachers and students, 

not only teachers’ emotions but also peers’ emotions may influence students’ learning. This 

preregistered experimental study investigated how peers’ emotions (either enjoyment, neutral 

state, or frustration) affect students’ emotion, motivation, and cognition in observational learning 

of playing a science game. University students (N = 210) watched a video in which a peer model 

played a game and displayed either enjoyment, a neutral state, or frustration. The data were 

analyzed by random intercept cross-lagged panel models (RI-CLPMs) with Bayesian estimation 

and generalized order-restricted information criterion approximation (GORICA). We ran two set 

of analyses. In Analysis A, we used the peer emotion display that was intended as the condition 

variable, excluding participants who perceived a different emotion. In analysis B, we used 

participants’ perception of the peer emotion as the condition variable. Both Analysis A and B 

revealed that students exposed to peers’ enjoyment reported higher enjoyment, relaxation, 

mastery-approach goals, and game performance, and lower frustration, anger, boredom, and 

mental effort than those exposed to peers’ frustration. We conclude that peers’ emotions affect 

students’ achievement emotions, mastery-approach goals, mental effort, and game performance 

differentially. Educators and researchers should attend to emotion transmission among their 

students and the role of contagion in education. 

Keywords: Emotion transmission; achievement emotions; achievement goals; 

performance; observational learning 
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Educational Impact and Implications Statement 

Emotion transmission has primarily been studied in social psychology rather than 

educational psychology. Our findings suggest that emotion transmission occurs among students: 

Peers’ emotions affect students’ motivation, cognitive processes, and performance. The results of 

this study advance the field of emotion transmission, achievement emotions, achievement goals, 

instructional design, and particularly, their interconnection. 
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1. Introduction 

Emotions play a key role in learning environments as they can help or hinder students’ 

learning (Author, 2006). However, the relations between emotions and learning are not 

straightforward. For example, enjoyment typically promotes learning, whereas frustration 

typically undermines learning (Author, 2021). Nonetheless, sometimes enjoyment and frustration 

do not conform to these expected patterns, as evidenced by research (e.g., Barzilai & Blau, 

2014). Enjoyment can hinder learning if it arises from task-irrelevant details that distract 

attention from the task at hand, while frustration can enhance learning if it strengthens 

motivation to solve a problem (see also Author, 2020).  

According to social contagion theory, emotions can spread among people (i.e., emotion 

transmission; Hatfield et al., 2014). Imagine that a class is discussing a game used to help 

learning when one student says, ‘I really enjoy the game. Can I play more?’. Another student 

says, ‘I am so frustrated. Can I stop playing?’. A third student says, ‘The game is so-so, nothing 

in particular.’ How might other students react? Understanding emotion transmission may help us 

to answer this question and to regulate emotions in learning settings, such as promoting (or 

avoiding) the transmission of positive (or negative) emotions. However, there is limited research 

on emotion transmission in the field of education (Burgess et al. 2018). For example, research 

has shown that teachers can transmit enjoyment to their students (Author, 2018), but to date we 

are unaware of any experimental studies that have tested emotion transmission from student to 

student. 

Research on emotion design principles in multimedia learning have mainly focused on 

emotion design features of learning materials that can carry emotions, such as game characters, 

as well as emotion induction, such as music (Author, 2020; Plass & Hovey, 2021). Teachers’ and 
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students’ emotions (Lawson & Mayer, 2022) and their effects on students’ learning are also 

crucial. However, there is a lack of experimental studies testing the effects of peers’ emotions on 

students’ learning. 

In the present study, we investigate how peers’ emotions affect students’ emotional, 

motivational, and cognitive processes and outcomes, as well as their interconnections in 

observational learning of playing a science game. In the classroom, peers are defined as the 

students’ classmates. Given that this study is the first of this kind, we use a virtual peer that the 

participants do not know as a starting point. Furthermore, we use observational learning of game 

playing to represent the broader category of online observational learning.  

Moreover, this study uses intensive longitudinal data, measuring variables at multiple 

time points, to capture the dynamics of emotion, motivation, and cognitive processes as they may 

change during the course of learning. While most previous studies using intensive longitudinal 

data to investigate the effects of instructional design features have primarily focused on between-

person relations (e.g., Author, 2022a, 2022b), our study takes a different approach. Traditionally, 

researchers often used the classic cross-lagged panel model (CLPM) to estimate effects over 

time. However, the CLPM does not separate between- and within-person relations, and the 

results from between- and within-person relations can diverge substantially (Hamaker et al., 

2015). In contrast, our analysis uses the random-intercept cross-lagged panel model (RI-CLPM; 

Mulder & Hamaker, 2021) to de-confound between- and within-person relations, thereby 

providing valid evidence of our findings. 

1.1 Effect of Peers’ Emotions and Students’ Learning 

Previous research has shown that emotional, motivational, and cognitive processes as 

well as outcomes interact with each other in learning settings (Author, 2022a, 2022b). To 
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understand the effects of emotion transmission more fully, it is critical to consider all three types 

of processes (Schrader et al., 2021). In terms of emotion, achievement emotions are the most 

relevant in learning settings (Pekrun, 2006). In terms of motivation, achievement goals are 

crucial motivational constructs for learning (Author, 2001). In terms of cognition, mental effort 

and cognitive performance are essential constructs (Paas, 1992). Building upon our previous 

research, which has also shown that these variables interact with each other in game-based 

learning, this study continues to use and integrate achievement-relevant theories, namely, the 

control-value theory of achievement emotions (CVT; Author, 2014), achievement goal theory 

(AGT; Author, 2017), and cognitive load theory (CLT, Sweller et al., 2019). 

1.1.1 Peers’ Emotions and Students’ Achievement Emotions 

According to CVT, achievement emotions are emotions related to competence-relevant 

activities, such as attending class, and/or outcomes, that is success or failure, in achievement 

settings (Author, 2006). Depending on their object, achievement emotions can be distinguished 

as activity emotions related to achievement-relevant activities or task, such as enjoyment, 

relaxation, frustration, boredom, and anger, and outcome emotions related to the outcomes of 

these activities, such as pride, hope, relief, anxiety, shame, anger, and hopelessness. Moreover, 

depending on their valence (positive/negative or pleasant/unpleasant) and activation 

(physiologically activating/deactivating), achievement emotions can be distinguished as positive 

activating emotions, such as enjoyment and pride, positive deactivating emotions, such as 

relaxation and relief, negative activating emotions, such as frustration and anxiety, and negative 

deactivating emotions, such as boredom and hopelessness (Author, 2014).  

The focus of this study is on activity emotions. Specifically, peers’ enjoyment and 

frustration are selected as the representatives of peers’ positive and negative emotions. These 
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emotions were selected due to their prevalence and relevance in technology-based learning 

contexts (Author, 2020), differing only in their emotional valence. To establish a reference point 

for positive and negative emotions, we use neutral state - feeling nothing in particular and no 

preference of one over the other (Gasper et al., 2019). 

The phenomenon of people “catching” the emotions of others is often called emotion 

transmission (Author, 2018), emotional contagion (Hatfield et al., 1994), emotional transfer 

(Parkinson, 2011), emotional crossover (Westman et al., 2013), or emotion diffusion (Peters & 

Kashima, 2015). In this study, we adopt the most used term, emotion transmission. Three 

possible mechanisms have been proposed to explain emotion transmission. One mechanism is 

primitive emotional contagion (Hatfield et al., 2014): The observer may mimic the emotional 

facial, vocal, and/or postural expressions of the expresser (i.e., emotional mimicry) and this 

mimicry may trigger the same emotional states in the observer (i.e., afferent feedback). The 

second mechanism is emotion categorization (Peters & Kashima, 2015): The observer 

categorizes the emotional expressions of the expresser as an emotional state (i.e., categorization) 

and this categorization activates the similar emotional state in the observer (i.e., activation). The 

third mechanism is social appraisal (Bruder et al., 2014): The observer may interpret the situation 

based on information inferred from the emotional expressions of the expresser (i.e., appraisal) 

and this appraisal may trigger the similar emotional state in the observer.  

For example, upon witnessing someone else’s smile, one may react in multiple ways: one 

may mimic the smile in return, may categorize the smile as a feeling of enjoyment, and/or may 

evaluate the smile as indicating that someone else being happy with the situation. All these 

responses may trigger one’s own enjoyment. Notably, these three mechanisms – primitive 

emotional contagion, emotion categorization, and social appraisal – may not be mutually 
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exclusive of each other, rather, they can coexist and affect the outcomes. Their agreement on the 

existence of emotion transmission supports our expectation that peers’ emotions affect students’ 

achievement emotions, that is, emotion transmission occurs from peers to students (refer to 

hypotheses Hemo). 

Emotion transmission can be influenced by various factors, such as activity 

characteristics, individual differences, and social factors (Fischer & Hess, 2017). Activity 

characteristics encompass elements like type of activities and perception of the activities. For 

instance, emotion transmission may be more likely to occur, when activities are collaborative 

rather than independent in nature. Individual differences encompass elements like the tendency 

to “catch” others’ emotions, game preferences, and different emotional responses to games. For 

instance, emotion transmission may be more likely to occur, when observers have a strong 

tendency to be influenced by others’ emotions. Social factors encompass elements like perceived 

likability, ingroup versus outgroup membership, competitive versus cooperative relations, 

superior and inferior power differences, and desire for affiliation. For instance, emotion 

transmission may be more likely to occur, when observers like the expresser. 

1.1.2 Students’ Achievement Emotions and Students’ Motivation: Reciprocal Effects 

According to AGT, the 2 × 2 achievement goal model (Author, 2017) distinguishes 

between four achievement goals: 1) mastery-approach goals, which is defined as striving for 

task- or self-based competence, such as learning as much as possible, 2) mastery-avoidance 

goals, which is defined as striving to avoid task-based or self-based incompetence, such as 

avoiding learning less than one possibly could, 3) performance-approach goals, which is defined 

as striving for other-based competence, such as performing better than others, and 4) 

performance-avoidance goals, which is defined as striving to avoid other-based incompetence, 
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such as avoiding performing worse than others. This study focuses on all four of these 

achievement goals as the motivational processes and outcomes. 

Regarding the relationship between students’ achievement emotions and achievement 

goals, mastery-based goals mainly focus students’ attention on the activity itself, thereby 

influencing activity emotions, whereas performance-based goals mainly focus students’ attention 

on outcomes, thereby influencing outcome emotions (Author, 2009). Consequently, 

performance-based goals may be more associated with outcome emotions than activity emotions. 

Since this study focused only on activity emotions, we expect that peers’ emotions affect 

mastery-based goals but not performance-based goals (refer to hypotheses Hmot). 

More specifically, mastery-approach goals focus attention on the positive value of the 

activity and promote feeling in control (Author, 2009). Consequently, mastery-approach goals 

positively influence positive activity emotions and negatively influence negative activity 

emotions. Although Author (2009) did not establish a link between mastery-avoidance goals and 

achievement emotions, we propose that, akin to performance-avoidance goals, the avoidance 

component makes mastery-avoidance goals focus attention on the negative value of the activity 

and promote feeling a lack of control. Consequently, mastery-avoidance goals negatively 

influence positive activity emotions and positively influence negative activity emotions.  

While there are no meta-analyses on the relationship between induced achievement 

emotions and achievement goals, a meta-analysis on personal achievement goals (Huang, 2011) 

suggests that mastery-approach goals are more strongly associated with positive emotions than 

negative emotions, whereas mastery-avoidance goals are more strongly associated with negative 

emotions than positive emotions. Therefore, we expect positive relations between students’ 
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mastery-approach goals and their positive achievement emotions, as well as positive relations 

between students’ mastery-avoidance goals and their negative achievement emotions. 

1.1.3 Students’ Achievement Emotions and Students’ Cognition: Reciprocal Effects 

According to CLT, overall cognitive load involves two types: intrinsic load, which is 

defined as load caused by cognitive processes or activities related to learning and performing the 

task, and extraneous load, which is defined as load caused by cognitive processes or activities 

that are irrelevant for learning and performing the task (Sweller et al., 2019). The overall 

cognitive load can be estimated by the mental effort that students exert on a task (Paas, 1992). 

This study focuses on mental effort and performance as the cognitive processes and outcomes. 

Regarding the relationships between students’ achievement emotions, mental effort, 

and performance, our expectations were guided by three assumptions. The first assumption 

is related to extraneous load: The emotions-as-suppressor-of-learning hypothesis suggests 

that, based on CLT, positive and negative emotions may impose extraneous load (e.g., via 

task-irrelevant thinking such as thinking about the consequences of failure; Author, 2003), 

thereby decreasing performance, compared to a neutral state. The second assumption is 

based on motivation: The emotions-as-facilitator-of-learning hypothesis suggests that 

positive emotions may increase intrinsic motivation, while negative emotions may increase 

effort in learning to improve their emotions and extrinsic motivation, both of which increase 

performance, compared to a neutral state (Plass & Kalyuga, 2019).  

The third assumption combines attention and motivation: Based on CVT, positive 

and negative emotions may have different effects on performance (Author, 2012), as shown 

in Table 1. As noted above, the present study focuses on activity emotions. Positive 

activating emotions, such as enjoyment of learning, increase both task attention and 
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motivation to invest effort, thereby facilitating performance. Conversely, negative 

deactivating emotions, such as boredom, decrease both task attention and motivation to 

invest effort, thereby impairing performance.  

Moreover, positive deactivating emotions and negative activating emotions have 

variable effects on performance. Positive deactivating emotions, such as relaxation, broaden 

the focus, decreasing attention on details while increasing attention on the broad picture. 

However, they decrease short-term motivation to invest effort while increasing long-term 

motivation due to reinforcement. Conversely, negative activating emotions, such as 

frustration or anger, decrease task attention and intrinsic motivation while increasing 

extrinsic motivation to invest effort in order to avoid failure.  

A previous meta-analysis on activity emotions indicated specific relations with 

performance: a positive association with enjoyment, a negative association with anger and 

boredom, and a neutral association with frustration (Author, 2021a). Guided by the 

extraneous load assumption, we therefore expect that students’ achievement emotions 

positively relate to students’ mental effort. Furthermore, considering all three assumptions, 

we expect that students’ achievement emotions relate to performance differentially (refer to 

hypotheses Hcog). 

1.1.4 Joint Influence of Peers’ Emotions and Students’ Emotion, Motivation, and Cognition: 

Reciprocal Effects 

Given that emotions and achievement goals reciprocally influence each other (e.g., 

Linnenbrink & Pintrich, 2002), instructional design features, such as peers’ achievement 

emotions, may affect students’ achievement goals via students’ achievement emotions 

(indirect effects). Specifically, we anticipate that peers’ enjoyment positively influences 
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students’ positive emotions and negatively influences students’ negative emotions. 

Conversely, we anticipate that peers’ frustration negatively influences students’ positive 

emotions and positively influences students’ negative emotions. Moreover, for both peers’ 

enjoyment and peers’ frustration, we anticipate that students’ achievement emotions and 

students’ mastery-approach goals or mastery-avoidance goals are linked by reciprocal 

effects over time, compared with peers’ neutral state. 

Likewise, given that emotion and cognition reciprocally influence each other over 

time (Author, 2023), instructional design features, such as peers’ achievement emotions, 

may affect students’ mental effort and performance via students’ achievement emotions 

(indirect effects). Specifically, we anticipate that peers’ enjoyment positively influences 

students’ positive emotions and negatively influences students’ negative emotions, whereas 

peers’ frustration negatively influences students’ positive emotions and positively 

influences students’ negative emotions. Moreover, in both cases, we anticipate that 

students’ achievement emotions and students’ mental effort or performance are linked by 

reciprocal effects over time, compared with peers’ neutral state. 

1.2 Present Study 

This study investigates how peers’ emotions (enjoyment/frustration/neutral state) affect 

students’ achievement emotions (i.e., positive emotions and negative emotions), achievement 

goals (i.e., mastery-based and performance-based goals), and cognition (i.e., mental effort and 

performance). The hypotheses below are broadly stated in terms of positive/negative emotions 

during observational learning, without delineating specific emotions within these categories. We 

formulate three different hypotheses for performance based on three different assumptions. We 

denote ‘a’ to represent the mean difference in a variable between peers’ enjoyment group 
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(abbreviated as ‘e’) or peers’ frustration group (abbreviated as ‘f’) and peer’s neutral group (i.e., 

the reference group). For example, ae > 0 > af means that a variable is larger for peers’ enjoyment 

group than for peers’ neutral state group, followed by peers’ frustration group. 

Students exposed to peers’ enjoyment report higher positive achievement emotions 

(Hemo1; ae > 0 > af) and lower negative achievement emotions (Hemo2; ae < 0 < af) than those 

exposed to peers’ neutral state, followed by those exposed to peers’ frustration. 

Students exposed to peers’ enjoyment report higher mastery-approach goals (Hmot1; ae > 

0 > af) and lower mastery-avoidance goals (Hmot2; ae < 0 < af) than those exposed to peers’ 

neutral state, followed by those exposed to peers’ frustration, and students from these three 

groups report equal performance-approach goals and performance-avoidance goals (Hmot3; ae = 

0 = af). 

Students exposed to peers’ enjoyment and those exposed to peers’ frustration report 

higher mental effort than those exposed to peers’ neutral state (Hcog1; ae = af > 0). 

Students exposed to peers’ enjoyment and those exposed to peers’ frustration report 

lower game and posttest performance than those exposed to peers’ neutral state (Hcog2; ae = af < 

0); or students exposed to peers’ enjoyment and those exposed to peers’ frustration report higher 

game and posttest performance than those exposed to peers’ neutral state (ae = af > 0); or students 

exposed to peers’ enjoyment report higher game and posttest performance than those exposed to 

peers’ frustration and those exposed to peers’ neutral state (ae > 0 = af). 

2. Method 

2.1 Participants  

Participants were recruited through Prolific (https://www.prolific.co/) and were offered 

10 euros as compensation. The inclusion criteria were English as first language, being an 

https://www.prolific.co/
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undergraduate, and majoring in something other than chemical engineering/chemistry, as we 

used a game about this subject. As suggested by Kline (2015), structural equation modelling 

needs at least 10 participants per indicator. Given that we had 12 indicators (five from 

achievement emotions, four from achievement goals, one from mental effort, one from game 

performance, and one from test performance), our targeted minimum sample size was set at 120. 

In total, 210 participants were included (100 male, 110 female, M = 20.7 years old, SD = 1.4).  

2.2 Design 

We randomly assigned all participants to one of three groups: 1) peers’ enjoyment (n = 

62), 2) peers’ frustration (n = 33), and 3) peers’ neutral state (n = 36). This unequal sample 

distribution was due to the higher number of excluded participants in the peers’ frustration and 

neutral state groups. To facilitate the experiment, we conducted an online experiment designed to 

create a more controlled learning environment. Conducting experiments on peers’ emotion 

transmission in real classrooms presents challenges, as individual students may express diverse 

emotions. This diversity makes it difficult to identify effects caused by the experimental 

manipulation. As such, the online format of the current experiment ensures that students were 

clearly exposed to either enjoyment, frustration, or a neutral state. 

2.3 Materials and Measures 

All the materials and measures were in English and presented in Qualtrics 

(www.qualtrics.com). 

2.3.1 The Game – CosmiClean 

LuGus Studios (https://www.lugus-studios.be/) designed CosmiClean 

(https://recyclegame.eu/) to teach secondary school and university students the principles of 

separation processes for recycling materials. Games are a form of play with the characteristics, 

http://www.qualtrics.com/
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such as goals for learning and goals for gameplay (Malone, 1981), rules governing permissible 

action (Garris et al., 2002), feedback providing timely performance information (Prensky, 2001), 

or challenges tailored to match player’s skill levels (Shute & Ke, 2012).  

In CosmiClean, the goal for learning chemistry is to be able to use nine separators, 

including a sieve, a magnet, a melter, a shredder, a stream separator, a non-ferrous separator, a 

boiler, a dissolver, and a centrifuge. These separators are employed to separate 12 materials, 

including iron, plastics, glass, concrete, water, wood, sand, copper, salt, gold, solvent, and fuel. 

Separation is based on the eight properties, including size, phase, melting point, boiling point, 

magnetic metal, non-ferrous metal, solubility, and density. The goal for gameplay is that a 

spaceship crashes and players need to separate materials in order to repair the spaceship. To do 

so, players enter a series of cargos (i.e., game levels), where they receive a mixture of materials 

to be separated. The rule is that players need to generate a separation chain, comprising a 

conveyor for transporting the materials, one or more separators for separating material, and 

receptors for collecting recycled materials. The materials and separators vary from level to level. 

The challenge is that as players progress, they become more and more capable and the materials 

to be separated become more and more complex. Each level lasts approximately 1-5 minutes. 

The feedback is provided upon submitting a solution in a level; players immediately know if they 

succeeded. After submission, the materials in this level are collected, without leaderboards or 

bonus points.  

2.3.2 Intervention: Videos for Emotion Transmission 

The expressers’ emotions can be displayed as dynamic expressions, such as films, or 

static expressions, such as texts (Herrando & Constantinides, 2021). Dynamic expressions may 

be more contagious than static expressions (Sato et al., 2008). Meta-analyses also confirm that 
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film/video clips are an effective method to induce emotions (Fernández-Aguilar et al., 2019; 

Joseph et al., 2020; Lench et al., 2011), making them recommended standardized stimuli for 

facilitating emotion transmission (Hatfield et al., 2014). 

The intervention materials consisted of three recorded videos, each containing 13 game 

levels. In the corresponding level of each video, a peer model played the game according to the 

same script but with different target emotions: enjoyment (link: here), frustration (link: here), or 

neutral state (link: here). First, the peer model showed the materials to be recycled and the 

properties of the materials. Then the multiple-answer questions asked participants to choose one, 

two, or three separators to recycle the materials. These questions were to mimic the real 

gameplay scenarios, where the player needs to select certain separators to succeed in a game 

level. Upon answering, they got corrective feedback indicating whether their answer was correct 

or not. Following the feedback, the peer model explained the correct separators and ran the 

recycling. We uploaded the videos on Edpuzzle (www.edpuzzle.com). Participants could pause 

and rewatch but not skip the videos. Each video lasted approximately 23 mins.  

The peer model was a male actor in training. He varied his facial, postural, and vocal 

expressions according to the target emotion. Expressions of enjoyment can be smiles, relaxed 

faces, open body postures, excited tones, or laughter. Expressions of frustration can be furrowed 

brows, narrowed eyes, slumped shoulders, restless movements, or sighs. We filmed the videos 

via first-person perspective (Fiorella et al., 2017). The instructions for watching the videos were: 

‘You will play the game by watching a video, in which another student will play the game 

together with you. Please watch the video carefully’. 

https://edpuzzle.com/assignments/63f1f1293483e8412452ecf5/watch
https://edpuzzle.com/assignments/63f1f17b0f00eb40ece668cc/watch
https://edpuzzle.com/assignments/63f1f1fa32de65410d8d0409/watch
http://www.edpuzzle.com/
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2.3.3 Achievement Emotions Questionnaire 

Given that achievement emotions and achievement goals might decay over time during 

our one hour-long experiment, we used an experience sampling method (e.g., Author, 2016), 

with 13 timepoints per person. This approach allowed us to capture the dynamics of emotions 

and goals. To accommodate time constrains, we used single-item measures, which have been 

shown to be as reliable as multiple-item measures (Gogol et al., 2014). The achievement 

emotions questionnaire was based on Author (2016): ‘At this moment I am experiencing 

enjoyment/relaxation/frustration/anger/boredom’ (1 = strongly disagree; 5 = strongly agree). 

The instructions asked participants to describe their emotions and goals at that moment. 

2.3.4 Achievement Goals Questionnaire 

The achievement goals questionnaire was adopted from the Achievement Goals 

Questionnaire-Revised (Author, 2008; 1 = strongly disagree, 5 = strongly agree). The items were 

framed as goals for the game: “At this moment my goal is to learn as much as possible in the 

game” (mastery-approach), “At this moment my goal is to avoid learning less than I possibly 

could in the game” (mastery-avoidance); “At this moment my goal is to perform better than the 

other participants” (performance-approach), and “At this moment my goal is to avoid performing 

poorly compared to other participants” (performance-avoidance). 

2.3.5 Mental Effort  

Paas’s (1992) scale was used to measure mental effort: “How much mental effort did this 

game level require from you” (1 = very, very low mental effort; 9 = very, very high mental 

effort).  
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2.3.6 Game Performance 

Game performance was measured by the total number of correct separators that were 

chosen in the multiple-answer questions in the videos (one question per video). 

2.3.7 Knowledge Test 

The prior and post knowledge test assessed the same chemistry content but with different 

items. The knowledge tests assessed Remember (5 multiple-choice questions), Apply (5 

multiple-choice questions), and Evaluate (3 open-ended questions) based on the Bloom 

taxonomy (Anderson & Krathwohl, 2001). For example, a Remember question was “Which 

processor can separate glass and iron?”; an Apply question was “Glass is not metal. Iron, 

copper, and gold are metal. Which materials can be separated by a non-ferrous separator?”; and 

an Evaluate question was “To separate fuel and copper, your teacher will select either a non-

ferrous separator or a dissolver. Explain which one is more proper.”. The knowledge tests were 

developed and validated in two studies (Author, 2022a, 2022b), and were reliable (i.e., greatest 

lower bound: prior knowledge test = .66; post knowledge test = .78). Given that knowledge tests 

often do not measure the same underlying concept, such as nine separators instead of one in our 

study, a reliability value lower than .70 is normal (Taber, 2018). 

2.3.8 Manipulation Check 

To avoid interrupting or disturbing the automatic process of emotion transmission, we 

included a manipulation check on whether participants’ perceptions matched the peers’ emotions 

being displayed after the posttest, rather than immediately after watching the videos. Participants 

chose one of three alternatives to indicate the emotion being displayed: “The student in the 

video: a) enjoyed the game, b) was frustrated by the game, c) neither enjoyed nor was frustrated 

by the game”.  
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In the enjoyment condition there were nine participants who perceived a different 

emotion than the one intended by the condition. In the frustration condition there were 37 such 

participants, and in the neutral condition there were 33 such participants. Specifically, in the 

enjoyment condition, five participants perceived peers' enjoyment as a neutral state, while four 

perceived it as frustration. In the frustration condition, 29 participants perceived peers' frustration 

as a neutral state, while eight perceived it as enjoyment. In the neutral condition, 25 participants 

perceived peers' neutral state as enjoyment, while eight perceived it as frustration. 

Additionally, we tested whether the included participants (n = 131) differed 

systematically from the excluded participants (n = 79) in pretest and demographics measures 

within each condition. Our analyses revealed that that there were no differences in most pretest 

and demographics measures, except for sex, prior enjoyment, and prior anger (see 

Supplementary materials for details). 

2.4 Procedure 

2.4.1 Pilot Study 

We ran a small pilot test with 11 participants to check on the fluency and effectiveness of 

the procedure. This test (descriptively) revealed that the perceptions of most participants 

matched the displayed peers’ emotions, that there were learning gains from the prior to the 

postgame knowledge test, that the game was neither too difficult nor too easy, and that there 

were no comprehension or technical problems. 

2.4.2 Main Study 

After providing informed consent, participants received instruction about the number of 

sections and their duration. Then they completed the prior knowledge test and reported their 

achievement goals and achievement emotions (pretest; see Figure 1). They were then randomly 
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assigned to one of the three experimental conditions and watched the corresponding videos for 

30 minutes. After each game level, they reported their achievement emotions, achievement goals, 

and mental effort. Immediately after watching the full set of videos, they completed the 

postgame knowledge test (posttest) and the manipulation check. 

2.5 Scoring, Data Preparation, and Data Analysis 

For the knowledge test, we calculated a sum of correct scores of 10 multiple-choice 

questions (1 point per question) and three open-ended questions (2 or 4 points per question), 

resulting in a maximum score of 20 points. For the three open-ended questions, we developed a 

coding scheme. Two raters scored 10% of the answers for each question independently with very 

high inter-rater reliability (Cohen’s k = .836; disagreements resolved through discussion) and 

then the first author scored the remainder. For game performance, we calculated a sum score of 

the questions (1, 2 or 3 points per question, maximum: 20 points). 

2.5.1 RI-CLPMs 

Although our sample size met the minimal requirement, it was relatively modest and led 

us to adjust our preregistered analysis plan, accordingly. Specifically, we utilized a Bayesian and 

generalized order-restricted information criterion approximation (GORICA) rather than Null 

Hypothesis Significance Testing (NHST) approach (see below for further details). The data were 

analyzed by RI-CLPMs (Mulder & Hamaker, 2021) with the package blavaan (Merkle & 

Rosseel, 2018) in R studio (R Studio Team, 2022) using Bayesian estimation with two Markov 

chains, and the number of iterations set at 2000. We used RI-CLPMs to accommodate the 

dynamics of achievement emotions, achievement goals, and mental effort.  

In RI-CLPMs, the data were decomposed into a grand mean (i.e., the means over 

individuals and over time), between-person components (i.e., trait-like, stable deviations from 
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the grand means) and within-person components (i.e., state-like, temporal deviations from the 

individual mean; Figure 2). At the between level, we specified random intercepts, which indicate 

the stable differences between individuals. We added peers’ emotions (i.e., enjoyment, 

frustration, or neutral state) as the grouping variable. Enjoyment, relaxation, frustration, anger, or 

boredom were included as mediators. Mastery-approach goals, performance-approach goals, 

mastery-avoidance goals, performance-avoidance goals, mental effort, posttest performance, and 

game performance were included as outcome variables. Prior enjoyment, prior relaxation, prior 

frustration, prior anger, prior boredom, prior mastery-approach goals, prior performance-

approach goals, prior mastery-avoidance goals, prior performance-avoidance goals, and pretest 

performance were included as covariates. 

At the within level, we specified the autoregression effects and cross-lagged effects. The 

autoregression effects indicate how the deviations from an individual’s mean on one variable at 

one timepoint predict the deviations from the individual’s mean on the same variable at the next 

timepoint (e.g., Yt -> Yt+1). For example, a positive autoregressive effect of enjoyment implies 

that an individual who experiences deviation from their mean on enjoyment at the current game 

level is likely to experience deviation from their mean on enjoyment at the next game level (i.e., 

Enjoymentt -> Enjoymentt+1). The cross-lagged effects indicate how the deviations from an 

individual’s mean on one variable at one timepoint predict the deviations from the individual’s 

mean on another variable at the next timepoint (e.g., Y1t -> Y2t+1). For example, a positive cross-

lagged effect from enjoyment to mental effort implies that an individual who experiences a 

deviation from their mean on enjoyment at the current game level is likely to experience a 

deviation from their mean on mental effort at the next game level (i.e., Enjoymentt -> Mental 

effortt+1).  
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We used Bayesian estimation to accommodate small samples (McNeish, 2016). Because 

we had no prior knowledge about our parameter estimates from previous research, we used 

default non-informative priors so that priors had little influence on the analysis and parameter 

estimates were determined solely by the data (Gelman et al., 2014). To make sure that our 

complex models converged, we used bivariate models with one variable from five achievement 

emotions and one variable from four achievement goals and mental effort, all of which were 

measured 13 times during gameplay. In this way, each model included one variable from 

achievement emotions. This resulted in five RI-CLPM models for each variable and 25 RI-

CLPM models in total. The trace plots and Rhats values (< 1.01) indicated that our models had 

good convergence. All the points on the When-to-Worry-and-How-to-Avoid-the-Misuse-of-

Bayesian-Statistics checklist (the WAMBS checklist; van de Schoot et al., 2021) were addressed. 

Missing data were managed by full information maximum likelihood (FIML). The time intervals 

between consecutive measurement points did not vary.  

In evaluating model fit we focused primarily on the comparative fit index (CFI: ≥ .900 = 

acceptable; ≥ .950 = excellent), as it is less sensitive to the model and data characteristics than 

other fit indexes, such as chi-square (Asparouhov & Muthén, 2018; Kenny et al., 2015; Marsh et 

al., 1988). All our models had acceptable fit, ranging from .900 to .951. We also conducted 

sensitivity analysis to test the robustness of the models. Specifically, we compared RI-CLPMs 

with traditional CLPMs (i.e., random-intercepts and covariance between random-intercepts of 

RI-CLPMs were constrained to zero) and RI-CLPMs with constrained lagged-effects over time 

(i.e., lagged-effect were constrained as time-invariant). Model comparison was based on the Chi-

bar-square (X̄2) difference test. All our models had a better fit than traditional CLPMs and RI-

CLPMs with constrained lagged-effects over time.  
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2.5.2 GORICA 

For our research question on main effects, we were interested in directly evaluating 

hypotheses containing inequality constraints (e.g., ae > 0 > af), also called informative hypotheses 

(Hoijtink, 2011). However, the traditional NHST is not appropriate because of its limitations, 

such as a p-value cannot quantify the evidence in favor of one hypothesis, NHST cannot test 

multiple hypotheses simultaneously, and NHST cannot evaluate the hypotheses containing 

equality (e.g., ae = af) and/or inequality constraints (Altinisik et al., 2021; Wasserstein et al., 

2019). To address these limitations, we adopted a newly developed alternative approach called 

GORICA (Kuiper, 2022; Kuiper et al., 2011). As an extension of Akaike-type information 

criterion (AIC; Akaike, 1974), GORICA can select the best hypothesis from a set of hypotheses 

(see Figure S1 in Supplementary Materials). 

We used GORICA to evaluate whether our hypothesis of interest has more support than 

its complement (i.e., all possible hypotheses except the hypothesis of interest). The log 

likelihood indicates the compatibility of the hypothesis with the data. The values of GORICA 

and the log likelihood themselves are not interpretable but only comparable. Thus, GORICA 

weights and log likelihood weights were computed. We calculated the ratio of the GORICA 

weights (i.e., GORICA weights of hypothesis 1 / GORICA weights of hypothesis 2) and the ratio 

of log likelihood weights (i.e., log likelihood weights of hypothesis 1 / log likelihood weights of 

hypothesis 2) for two competing hypotheses. For the hypothesis of interest without equality 

constraints, if the ratio of GORICA weights exceeds 1 and the ratio of log likelihood weights 

exceeds 1.5, the hypothesis of interest is more supported than its complement. For the hypothesis 

of interest with equality constraints, there is no need to check the ratio of log likelihood weights. 

If our hypothesis of interest lacked support, the best alternative hypothesis was explored. 
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Because each variable was estimated in five models, if different models supported different 

hypotheses for the same variable, then the overlapping part of these hypotheses was more 

supported. 

When comparing the hypothesis of interest with its complement, we followed a specific 

procedure. We first checked the ratio of GORICA weights. If this ratio was not larger than 1, 

then the hypothesis of interest was not supported, and we explored all possible hypotheses. If this 

ratio exceeded 1, then we checked the ratio of log likelihood weights. If the ratio of log 

likelihood weights exceeded 1.5, then the hypothesis of interest was supported. If the ratio of log 

likelihood weights was not larger than 1.5, then the hypothesis of interest was not supported, and 

we explored all possible hypotheses. When exploring all possible hypothesis, if one of these 

possible hypotheses had higher GORICA weights than others, this indicated that there was 

support for this hypothesis and we further compared this hypothesis with its complement to 

confirm the support. If two or more hypotheses had higher GORICA weights than others, this 

indicated that there was support for the overlapping part of these hypotheses and we further 

compared this overlapping part with its complement to confirm the support. 

2.5.3 Analysis A and Analysis B 

People may adopt the emotions they perceive in others. Thus, to address the differences 

between the intended and perceived manipulations, we ran two sets of analyses. In Analysis A, 

we used the peer emotion display that was intended as the condition variable, excluding 

participants who perceived a different emotion. In analysis B, we used participants’ perception of 

the peer emotion as the condition variable and added the factor “match” (whether the perceived 

emotions match the peers’ emotions intended in our manipulations) as a predictor. In interpreting 

our results, we primarily focused on findings that were consistent across both Analysis A and 
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Analysis B and highlighted the ones that were inconsistent. Additionally, for Analysis A, we 

tested whether the included participants differed systematically from the excluded participants on 

outcome measures within each condition. As a sensitivity analysis, we compared the models 

including the factor “match” as a predictor and the ones excluding it. 

2.6 Transparency and openness  

We reported all manipulations, all measures, and how we determined the sample size and 

excluded participants. We follow JARS (Kazak, 2018). The study’s design, hypotheses, and 

analysis plan were preregistered at Open Science Framework (link to be added upon 

acceptation), where materials and analysis code for this study are available. The study has 

received approval from the ethics committee of the first author, which complied with APA 

ethical standards. Data were analyzed using R studio version 2023.04.0-6 (R studio Team, 2022), 

the package blavaan, version 3.2.1 (Merkle & Rosseel, 2018), and the package restrictor, version 

0.5-30 (Kuiper, 2022). 

3. Results 

3.1 Effects of Peers’ Emotions on Students’ Learning 

3.1.1 Achievement Emotions 

As shown in Table 2, in both Analysis A and B, students exposed to peers’ enjoyment 

reported higher enjoyment (ae > 0 > af) and lower frustration (ae < 0 < af) than those exposed to 

peers’ neutral state, followed by those exposed to peers’ frustration; students exposed to peers’ 

enjoyment and those exposed to peers’ neutral state reported higher relaxation (ae = 0 > af) and 

lower anger (ae = 0 < af) than those exposed to peers’ frustration; students exposed to peers’ 

enjoyment reported lower boredom than those exposed to peers’ neutral state and those exposed 

to peers’ frustration (ae < 0 = af). 
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3.1.2 Achievement Goals 

In both Analysis A and B, students exposed to peers’ enjoyment reported higher mastery-

approach goals (ae > 0 = af) than those exposed to peers’ neutral state and those exposed to peers’ 

frustration; there were no differences in performance-approach goals, and performance-

avoidance goals among groups (ae = 0 = af). Regarding mastery-avoidance goals, students 

exposed to peers’ enjoyment reported higher mastery-avoidance goals than those exposed to 

peers’ neutral state and those exposed to peers’ frustration in Analysis A (ae > 0 = af) and there 

were no differences between groups in Analysis B (ae = 0 = af). 

3.1.3 Mental Effort and Performance 

In both Analysis A and B, students exposed to peers’ enjoyment and those exposed to 

peers’ neutral state reported lower mental effort (ae = 0 < af) and higher game performance (ae > 

0 = af) than those exposed to peers’ frustration. Regarding posttest performance, students 

exposed to peers’ enjoyment reported lower posttest performance than those exposed to peers’ 

neutral state and those exposed to peers’ frustration in Analysis A (ae < 0 = af) and there were no 

differences among groups in Analysis B (ae = 0 = af). 

3.2 Within-Person Correlations, Between-Person Correlations, Autoregressive Effects, and 

Cross-Lagged Effects 

As shown in Appendix A, the within-person correlations between positive emotions and 

mental effort were negative, whereas the within-person correlations between negative emotions 

and mental effort were positive (average rs: Analysis A = -.083 to .182; Analysis B = -.079 

to .198). The within-person correlations between positive emotions and achievement goals were 

positive, whereas the within-person correlations between negative emotions and achievement 

goals were negative (average rs: Analysis A = -.075 to .082; Analysis B = -.064 to .083). Based 
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on the benchmarks values for interpreting the size of correlations between latent variables 

(.15, .25, .35 for small, medium, and large effects, respectively; Orth et al., 2022), most within-

person correlations were very small in magnitude. This implied that the temporal fluctuations of 

the variables within persons were not strongly correlated. 

The between-person correlations between positive emotions and mental effort or 

achievement goals were positive (r: Analysis A = -.023 to .308; Analysis B = .006 to .421) 

except for the negative between-person correlations between enjoyment and mental effort. The 

between-person correlations between negative emotions and mental effort or achievement goals 

were negative (r: Analysis A = -.405 to .107; Analysis B = -.421 to .110) except for the positive 

between-person correlations between frustration and mental effort and between performance-

avoidance goals and anger or boredom. Most between-person correlations were small to medium 

in magnitude. This implied that the stable differences of the variables between persons were 

correlated. 

As shown in Appendix B, achievement emotions, mental effort, and achievement goals 

had autoregressive effects over time (average Bs: Analysis A = .279 to .547; Analysis B = .332 

to .610). All autoregressive effects were large. This suggests that the deviations from an 

individual’s mean on the variable at one game level strongly predict the deviations from the 

individual’s mean on the same variable at the next game level. 

There were negative cross-lagged effects between positive emotions and mental effort 

and positive cross-lagged effects between negative emotions and mental effort (average Bs: 

Analysis A = -.049 to .082; Analysis B = -.069 to .074) except for boredom. There were positive 

cross-lagged effects between all emotions and mastery-approach goals (average Bs: Analysis A = 

-.058 to .119; Analysis B =-.027 to .092) except for boredom. There were positive cross-lagged 
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effects between positive emotions and mastery-avoidance goals and negative cross-lagged effects 

between negative emotions and mastery-avoidance goals (average Bs: Analysis A = -.021 

to .168; Analysis B = -.084 to .035) except for relaxation, frustration, and anger. There were 

positive cross-lagged effects between all emotions and performance-approach goals (average Bs: 

Analysis A = .049 to .127; Analysis B = -.037 to .127) except for anger. There were positive 

cross-lagged effects between positive emotions and performance-avoidance goals and negative 

cross-lagged effects between negative emotions and performance-avoidance goals (average Bs: 

Analysis A = -.088 to .101; Analysis B = -.084 to .093). Based on the benchmark values for 

interpreting the size of cross-lagged effects for RI-CLPMs (.03, .07, .12 for small, medium, and 

large effects, respectively; Orth et al., 2022), most cross-lagged effects were small to medium in 

magnitude. This suggests that the deviations from an individual’s mean on one variable at one 

game level predicted the deviations from the individual’s mean on another variable at the next 

game level. 

3.3 Analysis A and Analysis B 

First, Analysis A and B revealed consistent results for all outcome variables except for 

mastery-avoidance goals and posttest performance. This shows high convergence. Second, for 

Analysis A, there were no differences between the included participants and excluded 

participants within each condition in most outcomes, except for enjoyment, relaxation, boredom, 

mental effort, and game performance in the enjoyment condition (see Supplementary Materials 

for details). This suggests that we should exclude participants in Analysis A. Third, for Analysis 

B, the factor "match" had no statistically significant effects on all outcomes except for posttest 

performance (Enjoyment and mental effort model: B = 1.119, 95% Credible Interval = [.304, 

1.923]; Relaxation and mental effort model: B = 1.109, 95% Credible Interval = [.301, 1.935]; 
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Frustration and mental effort model: B = 1.114, 95% Credible Interval = [.275, 1.913]; Anger 

and mental effort model: B = 1.123, 95% Credible Interval = [.321, 1.936]; Boredom and mental 

effort model: B = 1.119, 95% Credible Interval = [.325, 1.916]). The ‘match’ participants 

reported higher posttest performance than the ‘mismatch’ participants. This suggests that we 

should include the factor ‘match’ as a predictor in Analysis B to control for the potential 

influence of ‘match’. Fourth, for the sensitivity analysis of Analysis B, we compared the models 

including ‘match’ as a predictor and the ones excluding it (see Table S1, S2, and S3 in 

Supplementary Materials for details). We found that the main effects of peers' emotions on all 

outcomes are similar, although the coefficients of the effects slightly changed. This also shows 

the robustness of the findings in Analysis B. 

4. Discussion  

Emotion transmission has primarily been studied in social psychology rather than 

educational psychology. Given the frequent interactions between teachers and students, as well 

as between students and peers in learning environments, not only teachers’ emotions but also 

peers’ emotions may influence students’ learning. This research aims to study learning 

environments that may enhance learning by focusing on emotion transmission among students. 

We used observational learning of game playing to represent online observational learning 

environments. To our knowledge, this investigation is the first experimental study to test how 

peers’ emotions affect students’ learning in observational learning of game playing. This study is 

also one of the first in observational learning to focus on how emotion, motivation, cognition, 

and their interconnection. Moreover, this study is one of the first to decompose within- and 

between-person relations within the context of an experimental design with intensive 

longitudinal data (Hamaker et al., 2021). 
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4.1 Effects of Peers’ Emotions on Students’ Learning  

We found that peers’ emotions affected students’ achievement emotions, mastery-

approach goals, mental effort, and performance, but not performance-based goals. As a whole, 

students exposed to peers’ enjoyment showed higher positive emotions, mastery-approach goals, 

and game performance, and lower negative emotions and mental effort than those exposed to 

peers’ frustration.  

4.1.1 Achievement Emotions 

Overall, both Analysis A (using the peer emotion display that was intended as the 

condition variable) and B (using participants’ perception of the peer emotion as the condition 

variable) revealed that students exposed to peers’ enjoyment report higher positive achievement 

emotions and lower negative achievement emotions than those exposed to peers’ frustration. 

This confirms our hypotheses (Hemo1 and Hemo2). It is congruent with the sparse online 

research on emotion transmission from teachers to students, which found that students exposed 

to happy and content instructors reported higher positive emotions (i.e., happy and content) and 

lower negative emotions (i.e., boredom and frustration) than those exposed to bored and 

frustrated instructors (e.g., Horovitz & Mayer, 2021; Lawson & Mayer, 2022). These results 

imply that achievement emotions can be transmitted from peers to students, though the strength 

of the transmission can vary and may depend on the type of emotion. 

4.1.2 Achievement Goals 

Overall, both Analysis A and B revealed that students exposed to peers’ enjoyment 

reported higher mastery-approach goals than those exposed to peers’ frustration, and students 

from all three groups reported the same pursuit of performance-approach goals and performance-

avoidance goals. This confirms our hypotheses Hmot1 and Hmot3. However, inconsistent with 
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our hypothesis Hmot2, Analysis A revealed that students exposed to peers’ enjoyment reported 

higher mastery-avoidance goals than those exposed to peers’ frustration, and Analysis B revealed 

that students from all three groups reported the same pursuit of mastery-avoidance goals. This 

inconsistency across Analysis A and B indicates that the findings on mastery-avoidance goals 

may be not robust and thus, we could not interpret them. These results suggest that peers’ 

activity emotions affect students’ mastery-approach goals, but not performance-approach goals, 

and performance-avoidance goals. 

4.1.3 Mental Effort and Performance 

Overall, both Analysis A and B revealed that students exposed to peers’ enjoyment 

showed higher game performance but lower mental effort than those exposed to peers’ 

frustration, and students from all three groups reported the same posttest performance. First, the 

finding that students exposed to peers’ enjoyment showed higher game performance than those 

exposed to peers’ frustration is consistent with our hypothesis (Hcog2) and the attention and 

motivation assumptions supporting the hypothesis. Second, the finding that students exposed to 

peers’ enjoyment reported lower mental effort than those exposed to peers’ frustration is 

inconsistent with our hypothesis (Hcog1). One possible explanation for this result is that 

emotions signify whether task (i.e., game) performance is going well or poorly: Compared with 

negative emotions, positive emotions are more likely to imply that task performance is already 

going well (Carver, 2003), suggesting that higher mental effort is not necessary. However, this 

explanation of the null results is speculative and more empirical work is needed before definitive 

conclusions regarding these relationships are warranted. Third, inconsistent with our hypothesis 

Hcog2, Analysis A revealed that students exposed to peers’ enjoyment reported lower posttest 

performance than those exposed to peers’ frustration, and Analysis B revealed that students from 
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all three groups reported the same posttest performance. This inconsistency across Analysis A 

and B indicates that the findings on posttest performance may be not robust and thus, we could 

not interpret them.  

Our results are consistent with research on online emotion transmission from teachers to 

students, which has found that students exposed to happy and content instructors showed the 

same immediate posttest performance compared to those exposed to bored and frustrated 

instructors (Horovitz & Mayer, 2021; Lawson & Mayer, 2022). Our results are also consistent 

with research on emotion design of learning materials, specifically work finding that positive and 

negative emotion designs showed the same immediate posttest performance (e.g., Kumar, 2019; 

Stark et al., 2018). However, our results differ from research on emotion induction, specifically 

work finding that inducing negative emotions produces higher posttest performance but the same 

mental effort as compared with inducing positive emotions (e.g., Knörzer et al., 2016). In this 

work, negative emotions were induced by listening to sad music and recalling sad event, while 

positive emotions were induced by listening to happy music and recalling happy event. As such, 

our results suggest that there are differences between the effects of incidental emotions triggered 

by factors outside the learning task, such as emotion induction, and task-based emotions 

triggered by the learning task, such as emotion transmission or emotion design of learning 

material (Author, 2020).  

Why should incidental emotions and task-related emotions have different effects? One 

possible explanation is task attention: According to CVT (Author, 2006), positive incidental 

emotions, such as enjoyment induced by memories of a positive event, can distract attention 

from the task. In contrast, positive task-based emotions, such as enjoyment transmitted from 
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peers' enjoyment, can focus attention on the task. This suggests that positive incidental emotions 

can decrease performance, whereas positive task-based emotions can increase performance. 

4.1.4 Null Results 

Contrary to all our hypotheses on the peers’ neutral state group, students exposed to 

peers’ neutral state reported no differences in relaxation, anger, and mental effort compared to 

those exposed to peers’ enjoyment. Similarly, there were no differences in frustration, mastery-

approach goals, and game performance compared to those exposed to peers’ frustration. These 

results highlight the complexity surrounding the effects of neutral states on learning.  

Previous research has also shown inconsistent evidence in this regard. While a meta-

analysis found that compared with neutral designs, positive emotion designs increased mental 

effort (Wong & Adesope, 2021), another meta-analysis failed to find such an effect (Brom et al., 

2018). Moreover, both meta-analyses found that compared with neutral designs, positive emotion 

designs increased positive emotions, intrinsic motivation, and posttest performance in 

multimedia learning. However, they also found that effect sizes varied across studies. These 

inconsistencies suggest that the effect of a neutral design on emotional, motivational, and 

cognitive outcomes requires further research. 

4.4 Limitations 

We acknowledge several limitations of the present research. First, approximately half of 

our participants in the frustration condition perceived the peer’s frustration as a neutral state and 

approximately half in the neutral state condition perceived the peer’s neutral state as enjoyment. 

There are two possibilities for explaining “failing” the manipulation check. One possibility is 

that our video stimuli are ambiguous for certain participants. A lack of match between the 

intended and perceived peer emotion condition may not be an error by the participants, but rather 
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a normal process involving perception of an ambiguous stimulus. To explore this possibility, we 

tested whether the included participants differed systematically from the excluded participants on 

demographic, pretest, and outcome measures within each condition in Analysis A. Our analysis 

revealed that there were no differences in most demographic measures, pretest variables, and 

outcomes, with a few exceptions (see Supplementary Materials for details). For sex, we found 

that 32% of male participants and 43% of female participants did not perceive the male peer’s 

emotions as intended. Female participants seem to be more inclined not to perceive the emotions 

displayed by the male peer correctly than male participants. This suggests a potential sex-related 

influence on emotion transmission, with same-sex peers possibly exhibiting stronger emotion 

transmission than opposite-sex peers. Hence, future research could replicate the study with same-

sex peers. 

Another possibility is that recognizing enjoyment is simply easier than recognizing 

frustration or a neutral state. We found that approximately half of our participants in the 

frustration condition perceived the peer’s frustration as a neutral state and approximately half in 

the neutral state condition perceived the peer’s neutral state as enjoyment. This is consistent with 

research on emotional recognition, which suggests that recognizing positive emotions appears to 

be easier than recognizing neutral states and negative emotions (e.g., Hugdahl et al., 1993; 

Nummenmaa & Calvo, 2015). Furthermore, this finding may indicate that transmitting non-

positive emotions appears to be more challenging than transmitting positive emotions. This may 

be because people tend to resist adopting negative emotions and down-regulate them once they 

occur (Lagattuta & Wellman, 2002), seeking to feel good rather than bad (Larsen, 2000). Future 

research could include verbal cues, such as sentences expressing emotions (e.g., “I am so 

frustrated”), to provide clearer indications for frustration and a neutral state. 
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Second, because we had to exclude many participants, we ended up with a relatively 

small sample in Analysis A, which necessitated us to use bivariate models when analyzing the 

data. Future work is needed to replicate the study with a larger sample size. With a larger sample 

size, it would be possible to incorporate more variables including emotions, achievement goals, 

mental effort, and performance into one model and accommodate the interactions between them. 

Third, emotion transmission can be influenced by various factors, such as activity 

characteristics, individual differences, and social factors. In the present study, the peer shared 

similar age and education level with the participants, and they entered the game together. Thus, 

participants may have perceived him as an ingroup member that was cooperative, which 

increases the likelihood of contagion. Future research would do well to investigate additional 

factors, such as varying the match between the model and the perceivers and between their 

activities. 

Fourth, instead of playing the game themselves, participants learned by watching a peer 

model playing the game. We choose this approach because of practical constraints: The game is 

very difficult to implement in online experiments. To ensure that participants had a feeling of 

gameplay and were engaged in learning, we added a multiple-choice question to each game 

level. The multiple-choice questions asked, “Which separator(s) can be used to separate 

materials on this level?”, mimicking the decision-making process in actual gameplay. So, the 

multiple-choice questions prompt participants to think as if they are playing the game 

themselves. The participant's activities (i.e., watching the gameplay video) may be somewhat 

different from the model's activities (i.e., playing the game). However, it remains open as to how 

the task or activity similarity between the students and peers may impact the degree of emotion 



EFFECTS OF PEERS’ EMOTONS 36 

transmission and students’ emotions. Future research can test this by replicating the study with a 

third condition where participants play the game themselves. 

4.5 Implications 

The present study has several implications for practice and theory. First, our findings 

suggest that teachers and students would do well to attend to emotion transmission among 

students and to counteract possible negative effects. This is particularly pertinent in the context 

of contemporary education, where interpersonal collaboration and communication are 

increasingly emphasized as essential 21st century competencies (NRC, 2012). We suggest that 

teachers do so based on different goals of instruction. If the goal is to promote positive emotions 

and motivation, teachers may guide students to pay attention to their peers’ and their own 

enjoyment. Conversely, if the goal is to promote cognitive performance and an investment of 

mental effort, teachers may guide students to also pay attention to and use the motivational 

energy provided by frustration.  

Second, students may often express negative emotions in response to various learning 

activities. Yet, even if this might have negative effects on their peers, employing strategies to 

downregulate these emotions, such as suppression and concealing them, could also have negative 

consequences for themselves (Gross, 2015). Educators would do well to encourage students to 

use proper emotion regulation strategies to downregulate negative emotions, such as situation 

modification (e.g., change the learning situation to make themselves feel better), attentional 

deployment (e.g., focus on the present), or cognitive change (e.g., reappraisal: rethink negative 

emotions as beneficial for learning; Author, 2019). 

Third, our findings suggest that instructional design features that primarily target 

emotions can also affect motivation and cognition. Considering that researchers often focus on 
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either cognitive, motivational, or emotional theories (Author, 2021), researchers may consider 

focusing on their interactions and revealing the underlying mechanisms. This including 

understanding how emotions can best be used to stimulate motivation/cognition or how to 

recognize emotions that can thwart motivation/cognition and mitigate their influence. Fourth, our 

findings suggest that higher motivation and positive emotion may not always correlate with 

higher-quality cognition, despite educators and researchers often aim to design engaging, 

enjoyable, and effective learning environments. 

Fifth, our findings extend recent work on emotion design in multimedia learning, from 

emotion design of learning materials, emotion induction, and emotion transmission from teachers 

to students to emotion transmission among students. Sixth, our findings also extend work on 

social contagion in education, from contagion of intrinsic and extrinsic motivation (Author, 

2010) or goals (e.g., Aarts et al., 2004) to emotions. Social contagion theory proposes that most 

psychological states, such as emotions, motivation, behaviors, values, norms, can be spread 

among others (Levy & Nail, 1993). Yet, it remains open whether contagion of other 

psychological states also occurs in education, such as effortful or disruptive behavior, intrinsic or 

extrinsic values. 

5. Conclusion 

The present study is one of the first to manipulate students’ achievement emotions, with a 

focus on emotional, motivational, and cognitive processes and outcomes. We conclude that 

peers’ emotions may differentially affect students’ emotions, achievement Goals, mental effort, 

and performance in observational learning of game playing. In general, the results of this study 

advance several domains, including emotion transmission, achievement emotions, achievement 

goals, instructional design, and particularly, their interconnection. 
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Table 1 

Effects of activity emotions in short-term tasks (Author, 2012) 

 Example Task attention and 

cognitive resources 

Motivation to 

invest effort 

Performance 

Positive activating Enjoyment Increase Increase Increase 

Positive deactivating Relaxation Variable Variable Variable 

Negative activating Frustration 

Anger 

Decrease Variable Variable 

Negative deactivating Boredom Decrease Decrease Decrease 
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Table 2 

Main effects of peers’ emotions on students’ learning after controlling for the covariates  

 Analysis A (N = 131) Analysis B (N = 210) 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

Enjoyment and mental effort model 

  Enjoyment  H: ae > 0 > af 1.463 3.504 H: ae > 0 > af 1.809 4.155 

  Mental effort Ha: ae = 0 < af  2.436 Ha: ae = 0 < af  2.300 

  Posttest performance Ha: ae < 0 = af  2.185 Ha: ae = 0 = af  4.319 

  Game performance H: ae > 0 = af  2.717 H: ae > 0 = af  2.205 

Enjoyment and mastery-approach goals model 

  Enjoyment H: ae > 0 > af 1.525 3.739 H: ae > 0 > af 2.030 4.682 

  Mastery-approach goals Ha: ae > 0 = af  2.676 Ha: ae > 0 = af  2.425 

Enjoyment and mastery-avoidance goals model 

  Enjoyment H: ae > 0 > af 1.625 3.878 H: ae > 0 > af 3.016 7.000 

  Mastery-avoidance goals Ha: ae > 0 = af  2.663 Ha: ae = 0 = af  4.917 

Enjoyment and performance-approach goals model 

  Enjoyment H: ae > 0 > af 1.506 3.695 H: ae > 0 > af 2.106 4.882 

  Performance-approach goals H: ae = 0 = af  4.632 Ha: ae = 0 = af  5.135 

Enjoyment and performance-avoidance goals model 

  Enjoyment H: ae > 0 > af 2.021 4.917 H: ae > 0 > af 2.185 5.061 

  Performance-avoidance goals H: ae = 0 = af  4.917 H: ae = 0 = af  6.576 

Relaxation and mental effort model 

  Relaxation Ha: ae = 0 > af  2.448 H: ae > 0 > af 1.618 3.408 

  Mental effort Ha: ae = 0 < af  2.448 Ha: ae = 0 < af  2.367 

  Posttest performance Ha: ae < 0 = af  2.205 Ha: ae = 0 = af  4.181 

  Game performance H: ae > 0 = af  2.717 H: ae > 0 = af  2.205 

Relaxation and mastery-approach goals model 

  Relaxation Ha: ae = 0 > af  2.704 H: ae > 0 > af 1.558 4.128 

  Mastery-approach goals Ha: ae > 0 = af  2.636 Ha: ae > 0 = af  2.559 
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 Analysis A (N = 131) Analysis B (N = 210) 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

Relaxation and mastery-avoidance goals model 

  Relaxation Ha: ae = 0 > af  2.717 Ha: ae = 0 > af  2.077 

  Mastery-avoidance goals Ha: ae > 0 = af  2.704 Ha: ae = 0 = af  4.848 

Relaxation and performance-approach goals model 

  Relaxation Ha: ae = 0 > af  2.690 Ha: ae > 0 > af 1.551 3.608 

  Performance-approach goals H: ae = 0 = af  4.714 Ha: ae = 0 = af  5.173 

Relaxation and performance-avoidance goals model 

  Relaxation Ha: ae = 0 > af  2.717 Ha: ae > 0 > af 1.932 4.405 

  Performance-avoidance goals H: ae = 0 = af  5.024 H: ae = 0 = af  7.130 

Frustration and mental effort model 

  Frustration H: ae < 0 < af 2.802 6.692 H: ae < 0 < af 5.623 13.286 

  Mental effort Ha: ae = 0 < af  2.425 Ha: ae = 0 < af  2.401 

  Posttest performance Ha: ae < 0 = af  2.268 Ha: ae = 0 = af  4.319 

  Game performance H: ae > 0 = af  2.704 H: ae > 0 = af  2.195 

Frustration and mastery-approach goals model 

  Frustration H: ae < 0 < af 2.322 5.711 H: ae < 0 < af 6.813 15.949 

  Mastery-approach goals Ha: e > 0 = af  2.704 Ha: ae > 0 = af  2.559 

Frustration and mastery-avoidance goals model 

  Frustration H: ae < 0 < af 1.740 4.155 H: ae < 0 < af 7.850 18.608 

  Mastery-avoidance goals Ha: ae > 0 = af  2.717 Ha: ae = 0 = af  4.988 

Frustration and performance-approach goals model 

  Frustration H: ae < 0 < af 2.676 6.634 H: ae < 0 < af 11.658 27.571 

  Performance-approach goals H: ae = 0 = af  5.452 Ha: ae = 0 = af  5.289 

Frustration and performance-avoidance goals model 

  Frustration H: ae < 0 < af 3.651 9.000 H: ae < 0 < af 17.182 40.667 

  Performance-avoidance goals H: ae = 0 = af  5.061 H: ae = 0 = af  6.937 

Anger and mental effort model 

  Anger Ha: ae = 0 < af  2.546 Ha: ae = 0 < af  2.460 

  Mental effort Ha: ae = 0 < af  2.448 Ha: ae = 0 < af  2.425 
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 Analysis A (N = 131) Analysis B (N = 210) 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

  Posttest performance Ha: ae < 0 = af  2.145 Ha: ae = 0 = af  4.181 

  Game performance H: ae > 0 = af  2.717 H: ae > 0 = af  2.174 

Anger and mastery-approach goals model 

  Anger Ha: ae = 0 < af  2.307 Ha: ae = 0 < af  2.135 

  Mastery-approach goals Ha: ae > 0 = af  2.663 Ha: ae > 0 = af  2.448 

Anger and mastery-avoidance goals model 

  Anger Ha: ae = 0 < af  2.413 Ha: ae = 0 < af  2.333 

  Mastery-avoidance goals Ha: ae > 0 = af  2.676 Ha: ae = 0 = af  4.917 

Anger and performance-approach goals model 

  Anger Ha: ae = 0 < af  2.534 Ha: ae = 0 < af  2.509 

  Performance-approach goals H: ae = 0 = af  6.813 H: ae = 0 = af  5.494 

Anger and performance-avoidance goals model 

  Anger Ha: ae = 0 < af  2.497 Ha: ae = 0 < af  2.040 

  Performance-avoidance goals H: ae = 0 = af  5.250 H: ae = 0 = af  6.937 

Boredom and mental effort model 

  Boredom Ha: ae < 0 = af  2.636 Ha: ae < 0 = af  2.497 

  Mental effort Ha: ae = 0 < af  2.484 Ha: ae = 0 < af  2.460 

  Posttest performance Ha: ae < 0 = af  2.195 Ha: ae = 0 = af  4.076 

  Game performance H: ae > 0 = af  2.717 H: ae > 0 = af  2174 

Boredom and mastery-approach goals model 

  Boredom Ha: ae < 0 = af  2.663 Ha: ae < 0 = af  2.663 

  Mastery-approach goals Ha: ae > 0 = af  2.717 Ha: ae > 0 = af  2.650 

Boredom and mastery-avoidance goals model 

  Boredom Ha: ae < 0 = af  2.717 Ha: ae < 0 = af  2.546 

  Mastery-avoidance goals Ha: ae > 0 = af  2.676 Ha: ae = 0 = af  5.173 

Boredom and performance-approach goals model 

  Boredom Ha: ae < 0 = af  2.650 Ha: ae < 0 = af  2.690 

  Performance-approach goals H: ae = 0 = af  4.587 Ha: ae = 0 = af  5.369 
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 Analysis A (N = 131) Analysis B (N = 210) 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

H or Ha Loglik. 

ratio 

H1/Hc 

GORICA. 

ratio 

H1/Hc 

Boredom and performance-avoidance goals model 

  Boredom Ha: ae < 0 = af  2.559 Ha: ae < 0 = af  2.703 

  Performance-avoidance goals H: ae = 0 = af  6.752 H: ae = 0 = af  6.092 

Note. The control group (peers’ neutral state) is the reference group; ae (af) represents the mean difference in a variable between the 

enjoyment (frustration) group and the control group; H = hypothesis of interest; Hc = the complement hypotheses of H or not H; Ha = 

the best alternative hypothesis when H is not more supported than Hc; loglik = log likelihood; GORICA = generalized order-restricted 

information criterion approximation; weights = the relative likelihood of a hypothesis given the data and the set of hypotheses; 

GORICA H/Hc = GORICA weights of H/ GORICA weights of Hc; For example, H of GORICA weights = .718 and Hc of GORICA 

weights = .282 means that H has (.718/.282 = 2.542 > 1 times) more support than Hc. For the hypothesis of interest with equality 

restriction, there is no need to check loglik.ratio, so they are not shown. 
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Figure 1 

The procedure and measures 
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Figure 2 

Random-intercept cross-lagged panel models for achievement emotions and achievement goals 

(top) and achievement emotions and mental effort (bottom) 

 

 

Note. Emo = achievement emotions (enjoyment, frustration, boredom, anger, relaxation); Mot = 

motivation (mastery-approach goals, performance-approach goals, mastery-avoidance goals, 

performance-avoidance goals); Cog = cognition (mental effort); Test = test performance; Game 

= game performance; RI-Emo, RI-Mot, RI-Cog = random intercepts for emotion, motivation, 

and cognition, respectively; P-Emo = prior achievement emotions; P-Mot = prior achievement 

goals; P-Cog = prior test performance; prior test performance is the covariate of test performance 
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and game performance, which are not showed due to complexity of the models; W-Emo, W-Mot, 

W-Cog = within-person emotion, motivation, and cognition, respectively; Numbers indicate 

number of timepoints; Residual covariances are not shown.   
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Appendix A 

Average within-person correlations (correlations between within-person centered variables) and between-person correlations 

(correlations of random intercepts) 

 Enjoyment Relaxation Frustration Anger Boredom 

Analysis A (N = 131) 

 Within-person correlations 

     

  Mental effort -.072 (.065) -.083 (.061) .182 (.086) .110 (.065) .015 (.066) 

  Mastery-approach goals .075 (.035) .033 (.030) -.075 (.043) -.050 (.032) -.061 (.034) 

  Mastery-avoidance goals .050 (.036) .015 (.031) -.021 (.042) -.007 (.033) -.034 (.036) 

  Performance-approach goals .082 (.037) .035 (.033) -.049 (.046) -.039 (.035) -.039 (.037) 

  Performance-avoidance goals .046 (.034) .033 (.031) -.049 (.044) -.047 (.032) -.019 (.034) 

 Between-person correlations      

  Mental effort -.023 (.110) .100 (.097) .099 (.104) -.121 (.106) -.189 (.128) 

  Mastery-approach goals .308 (.073) .238 (.054) -.256 (.065) -.278 (.069) -.405 (.079) 

  Mastery-avoidance goals .199 (.072) .138 (.055) -.027 (.059) -.061 (.056) -.206 (.079) 

  Performance-approach goals .209 (.067) .193 (.052) -.120 (.058) -.174 (.062) -.210 (.072) 

  Performance-avoidance goals .049 (.052) .157 (.045) -.022 (.048) .021 (.044) .006 (.054) 

Analysis B (N = 210) 

 Within-person correlations 

     

  Mental effort -.074 (.054) -.079 (.048) .198 (.070) .119 (.052) .012 (.054) 

  Mastery-approach goals .083 (.028) .030 (.023) -.064 (.034) -.042(.025) -.061 (.027) 

  Mastery-avoidance goals .046 (.029) .006 (.025) -.020 (.036) -.015 (.028) -.033 (.029) 

  Performance-approach goals .072 (.030) .027 (.025) -.039 (.036) -.031 (.028) -.031 (.029) 

  Performance-avoidance goals .053 (.027) .029 (.024) -.039 (.034) -.041 (.026) -.028 (.027) 

 Between-person correlations      

  Mental effort .097 (.094) .006 (.074) .102 (.087) -.110 (.081) -.178 (.099) 

  Mastery-approach goals .421 (.064) .199 (.044) -.240 (.052) -.286 (.053) -.427 (.066) 

  Mastery-avoidance goals .157 (.059) .120 (.042) -.042 (.046) -.027 (.050) -.007 (.058) 

  Performance-approach goals .214 (.057) .142 (.043) -.115 (.049) -.153 (.059) -.121 (.057) 

  Performance-avoidance goals .078 (.050) .085 (.040) -.009 (.045) .008 (.050) .017 (.049) 
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Appendix B 

Average autoregressive effects and average cross-lagged effects 

 Autoregressive effects 

Emo 

Autoregressive effects 

ME/AG 

Cross-lagged effects 

Emo -> ME/AG 

Cross-lagged effects 

ME/AG -> Emo 

Analysis A (N = 131)     

  Enjoyment and ME model .449 (.097) .365 (.105) -.006 (.143) -.024 (.065) 

  Enjoyment and Map goals model .445 (.099) .365 (.107) .050 (.070) .119 (.143) 

  Enjoyment and Mav goals model .453 (.098) .279 (.111) .070 (.072) .039 (.142) 

  Enjoyment and Pap goals model .433 (.099) .336 (.104) .084 (.074) .127 (.129) 

  Enjoyment and Pav goals model .444 (.099) .461 (.106) .101 (.075) .078 (.130) 

  Relaxation and ME model .351 (.105) .359 (.108) -.049 (.171) -.034 (.058) 

  Relaxation and Map goals model .373 (.102) .378 (.105) .034 (.082) .017 (.125) 

  Relaxation and Mav goals model .368 (.102) .303 (.108) .010 (.085) -.021 (.130) 

  Relaxation and Pap goals model .357 (.103) .354 (.107) .049 (.087) .077 (.119) 

  Relaxation and Pav goals model .370 (.098) .492 (.112) .103 (.089) .011 (.112) 

  Frustration and ME model .321 (.100) .363 (.105) .046 (.116) .041 (.087) 

  Frustration and Map goals model .326 (.099) .372 (.101) .000 (.055) .004 (.178) 

  Frustration and Mav goals model .396 (.115) .363 (.111) -.018 (.053) .053 (.182) 

  Frustration and Pap goals model .346 (.099) .352 (.106) -.028 (.057) -.024 (.170) 

  Frustration and Pav goals model .348 (.098) .499 (.107) -.071 (.058) -.075 (.165) 

  Anger and ME model .511 (.112) .359 (.107) .082 (.154) .055 (.063) 

  Anger and Map goals model .536 (.100) .366 (.106) .030 (.077) .083 (.137) 

  Anger and Mav goals model .532 (.102) .516 (.162) -.014 (.081) .168 (.150) 

  Anger and Pap goals model .595 (.105) .359 (.112) .009 (.083) .108 (.126) 

  Anger and Pav goals model .555 (.103) .507 (.105) -.088 (.078) -.050 (.124) 

  Boredom and ME model .525 (.096) .368 (.107) .048 (.146) -.011 (.063) 

  Boredom and Map goals model .566 (.095) .351 (.105) -.043 (.066) -.058 (.140) 

  Boredom and Mav goals model .532 (.096) .294 (.111) -.019 (.072) -.017 (.135) 

  Boredom and Pap goals model .563 (.092) .353 (.102) -.033 (.070) -.037 (.125) 

  Boredom and Pav goals model .548 (.093) .506 (.113) -.063 (.074) -.087 (.130) 
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 Autoregressive effects 

Emo 

Autoregressive effects 

ME/AG 

Cross-lagged effects 

Emo -> ME/AG 

Cross-lagged effects 

ME/AG -> Emo 

Analysis B (N = 210)     

  Enjoyment and ME model .430 (.077) .351 (.087) -.014 (.115) -.027 (.049) 

  Enjoyment and Map goals model .418 (.078) .345 (.081) .046 (.055) .086 (.109) 

  Enjoyment and Mav goals model .431 (.078) .428 (.088) .034 (.060) .035 (.101) 

  Enjoyment and Pap goals model .426 (.078) .378 (.084) .080 (.060) .087 (.099) 

  Enjoyment and Pav goals model .436 (.078) .478 (.085) .064 (.060) .093 (.103) 

  Relaxation and ME model .332 (.083) .343 (.083) -.069 (.132) -.031 (.046) 

  Relaxation and Map goals model .342 (.082) .357 (.081) .019 (.065) -.011 (.100) 

  Relaxation and Mav goals model .340 (.081) .438 (.085) -.003 (.071) .007 (.087) 

  Relaxation and Pap goals model .335 (.081) .386 (.083) .027 (.070) .052 (.090) 

  Relaxation and Pav goals model .341 (.081) .488 (.087) .047 (.070) .030 (.088) 

  Frustration and ME model .349 (.077) .352 (.085) .005 (.088) .007 (.067) 

  Frustration and Map goals model .342 (.076) .360 (.079) -.006 (.042) .033 (.141) 

  Frustration and Mav goals model .351 (.075) .440 (.095) -.018 (.045) .006 (.129) 

  Frustration and Pap goals model .354 (.076) .385 (.082) -.024 (.044) -.004 (.127) 

  Frustration and Pav goals model .361 (.075) .487 (.086) -.048 (.044) -.065 (.129) 

  Anger and ME model .465 (.081) .341 (.084) .074 (.118) .045 (.049) 

  Anger and Map goals model .456 (.078) .362 (.080) .022 (.058) .092 (.103) 

  Anger and Mav goals model .474 (.079) .434 (.094) -.032 (.064) .021 (.098) 

  Anger and Pap goals model .447 (.083) .382 (.087) -.017 (.065) .041 (.098) 

  Anger and Pav goals model .478 (.079) .494 (.088) -.084 (.063) -.064 (.099) 

  Boredom and ME model .560 (.076) .350 (.086) .050 (.108) -.005 (.049) 

  Boredom and Map goals model .564 (.074) .349 (.082) -.027 (.053) -.027 (.109) 

  Boredom and Mav goals model .610 (.071) .441 (.093) -.064 (.056) -.084 (.099) 

  Boredom and Pap goals model .603 (.073) .397 (.080) -.032 (.055) -.039 (.096) 

  Boredom and Pav goals model .602 (.072) .497 (.088) -.059 (.056) -.071 (.100) 

Note. Emo = Emotions; ME = mental effort; AG = achievement goals; Map = mastery-approach; Pap = performance-approach; Mav = 

mastery-avoidance; Pav = performance-avoidance. 


