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A B S T R A C T   

We examined whether learning experiences (value of success, mastery experience) and task properties (chal-
lenge) are related to early adolescents’ (n = 190, median age = 12) emotional responses and psychophysiological 
states (autonomic nervous system, ANS) in achievement situations in an ambulatory laboratory. They completed 
four achievement tasks (two math and two reading) at different challenge levels in randomized order, and re-
ported their learning and task perceptions for each task. The proportion of errors indicated the objective 
demandingness of each task. As indices of sympathetic nervous system activity, we recorded skin conductance 
response (SCR) and heart rate (HR), and, as parasympathetic nervous system activity, their heart rate variability 
(HRV). Following control-value and flow theories, we proposed hypotheses for main and interaction effects and 
specified multilevel models (tasks nested in persons). Novel findings emerged. Aside from the anticipated main 
effects, Challenge × Mastery interaction also was related to adolescents’ emotions and SCR at the within-person 
(task) level. Furthermore, Value × Mastery Experience interaction was related to SCR and HRV at the task level, 
whereas Value × Errors interaction contributed to experienced anger and anxiety at the between-person (indi-
vidual) level. The findings provide novel understanding of situational interplay between the value of success, 
challenge, and mastery experience in adolescents’ experienced emotions and psychophysiological states.   

1. Introduction 

Emotions are responses to personally meaningful situations that 
change the quality of an individual’s feelings, expressive behaviors, and 
physiological activation (Kreibig, 2010; Levenson, 2014; Mauss & 
Robinson, 2009). Achievement emotions refer to emotions that are 
directly linked to achievement activities or achievement outcomes 
(Pekrun, 2006; Pekrun et al., 2002), and they are strongly associated 
with learning, achievement, and psychological health (for a review, see 
Pekrun, 2017). Thus, understanding which kinds of learning experiences 
can predict achievement emotions and related physiological reactions 
and states is an important area of research with potential implications 
for learning and adaptive academic functioning, and for a deepened 
understanding of how “mind” and “body” are linked in learning 
contexts. 

Value of success and subjective control over achievement activities 

and their outcomes have been suggested to play a central role in the 
emotions experienced in learning (Pekrun, 2006, 2017). Previous 
studies conducted at the between-person level have consistently shown 
that high control and high value contribute to higher levels of positive 
achievement emotions, such as hope, enjoyment and pride (e.g., Boe-
kaerts, 2001; Frentzel et al., 2007; Pekrun, 2017). High control has also 
been consistently found to relate to lower levels of negative emotions, 
such as anger and anxiety (e.g., Clem et al., 2021; Linnenbrink & Pin-
trich, 2002; Pekrun 2017). However, we cannot generalize findings from 
between-person studies to within-person functioning (Molenaar & 
Campbell, 2009; Nesselroade & Molenaar, 2016). By contrast, a within- 
person approach can capture dynamic variations within individuals 
across situations, thus allowing us to examine whether individuals 
experience certain emotions in response to certain situational factors (i. 
e., within-person effects; see also Bieg et al., 2013; Voelke et al., 2014). 
Although an increasing number of studies investigating achievement 
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emotions use an intraindividual approach and real-time assessments (e. 
g., Goetz et al., 2010; Ketonen et al., 2019; Tanaka & Murayama, 2014), 
the empirical evidence on intraindividual antecedents of adolescents’ 
emotions and related psychophysiological states remains limited. 

In order to expand previous studies, our multilevel study focused on 
both intraindividual and interindividual variation in the role of learning 
experiences (success value, mastery experience) and task properties 
(challenge) in adolescents’ distinct emotions (i.e., hope, enjoyment, 
anger, anxiety, fear, hopelessness) and physiological reactions of the 
autonomous nervous system during simulated achievement situations. 
As indices of sympathetic nervous system activity, we recorded adoles-
cents’ skin conductance response (SCR) and heart rate (HR), and as 
parasympathetic nervous system activity their heart rate variability 
(HRV). To the best of our knowledge, our study is among the first situ-
ational studies to investigate the role of both learning experiences and 
task properties (level of difficulty or challenge) in adolescents’ 
achievement emotions and psychophysiological states. 

2. Emotions and psychophysiological states in achievement 
situations 

Students frequently experience various emotions at school (Pekrun 
et al., 2002). These emotional responses are structured along two di-
mensions/axes: valence (pleasure vs displeasure) and arousal (activa-
tion vs de-activation) (Barrett., 2006; Levenson, 2014; Russell, 1980). 
Positive activating emotions (e.g., enjoyment of learning) that are 
related to higher interest, effort, and elaboration of learning material, 
have consistently been shown to promote performance. Deactivating 
negative emotions (e.g., hopelessness, boredom) that are related to 
higher task-avoidance, lower task-focus and lower concentration have 
consistently been shown to undermine achievement (for reviews, see 
Pekrun 2006, 2017). Moreover, positive deactivating emotions unre-
lated to the task at hand, such as fantasizing about spending time with 
friends or romantic partners, may be enjoyable, but can detract attention 
from learning (see also Pekrun, 2017). The underlying mechanisms of 
negative activating emotions may be more complex and related empir-
ical results are mixed. For example, anxiety, fear and frustration have 
been shown to trigger task-irrelevant thinking in some situations, which 
reduces the cognitive resources available for task concentration (see 
Pekrun, 2006). However, slightly heightened levels of negative acti-
vating emotions may also sometimes induce the motivation to study 
harder and facilitate learning (Pekrun, Goetz, Titz, & Perry, 2002). 

Emotions and emotion regulation can also be observed in the acti-
vation of the autonomic nervous system, which regulates a wide range of 
bodily functions, such as blood pressure and body temperature (Kreibig 
& Gendolla, 2014). The ANS is divided into an excitatory sympathetic 
nervous system (SNS) and an inhibitory parasympathetic nervous sys-
tem (PNS) that interact to produce physiological reactions in emotional 
situations (Berntson et al., 1991). During physical or psychological 
stress, the activity of the SNS aids the body to adapt to a challenge. It is 
noticeable as increased heart rate (HR) and increased skin conductance 
response (SCR; changes in the electrical conductance of the skin 
depending on sweat gland activity and the resulting quantity of sweat; 
Boucsein, 2012; Posada-Quintero & Chon, 2020). During periods of 
safety and calmness, the PNS decreases the heart rate and increases 
heart rate variability (HRV; Beauchaine, 2001; Crowell et al., 2014; 
Porges, 2007). HRV describes variation in the time interval between 
heartbeats and reflects how much cardiac activity is modulated to meet 
changing situational demands (Berntson et al., 1997). HR and HRV have 
an inverse relationship: during stress the pulse is higher and HRV is 
narrower, but during rest the pulse is lower and HRV is broader, when 
controlling for physical activity. Previous research has shown that HR 
and SCR tend to increase (i.e., SNS activation) with activating emotions 
and decrease with deactivating emotions (e.g., Benedek & Karnbak, 
2010; Kreibig, 2010), despite the valence of emotions. Higher HRV (i.e., 
PNS activation), in turn, has been shown to be related to lower 

situational demands and relaxation, but also to more intense efforts in 
emotion regulation (Beauchaine & Cicchetti, 2019). 

Previous research on achievement emotions focusing on individual 
(between-person) differences have been criticized for using trait-like 
assessments of achievement emotions that may be confounded with 
recall bias (see Goetz et al., 2013; Ketonen et al., 2018). In addition, they 
are unable to capture the effects of situational factors and temporal 
fluctuations of emotional reactions. Therefore, we aim to add to previ-
ous knowledge by estimating achievement emotions in achievement 
situations not only with questionnaires presented to participants but 
also using psychophysiological measures, namely heart rate variability 
and skin conductance. Recently, a growing number of studies measure 
achievement emotions with real-time assessments, in experience sam-
pling or ecological momentary assessment designs (e.g., Ahmed et al., 
2010; Bieg et al., 2013; Moeller et al., 2020; Tanaka & Murayama, 
2014). 

3. Control and value as antecedents of achievement emotions 
and related psychophysiological states 

The schematic figure of our study based on control-value and flow- 
theories is shown in Fig. 1. The control-value theory of achievement 
emotions (Pekrun, 2000, 2006, 2017) suggests that the key predictors of 
achievement emotions are (a) subjective valuing of a particular task / 
activity or the importance of the outcome, and (b) appraisals of 
controllability in this activity or to be personally able to influence ac-
tivities and their outcomes. In previous studies, the perception of control 
(e.g., competence belief, self-efficacy, capacity belief, agency beliefs) 
has consistently been found to be positively related with positive emo-
tions and negatively related with negative emotions in between-person 
studies (Boekaerts, 2001; Clem et al., 2021; Dettmers et al., 2011; 
Frenzel et al., 2007; Goetz et al., 2008; Shao et al., 2020) as well as in 
studies investigating intrapersonal situational dynamics (Ahmed et al., 
2010; Goetz et al., 2010; Tolvanen et al., 2011). 

In our study we conceptualize mastery experience (or competence 
evaluation) to be a situation-specific equivalent of agency beliefs (see 
also Wigfield & Eccles, 2000; Malmberg et al., 2013) or an experience of 
success being a key source of self-efficacy (Bandura, 1997). In addition, 
we also measure situational task properties, that is, the perceived chal-
lenge in terms of subjective judgment of task difficulty and error rate 
describing the objective demandingness of the task (see also Pintrich, 
2000; Malmberg et al., 2013). Perceptions of challenge are similar to 
perceptions of success expectancy or mastery, although the emphasis is 
on the task properties rather than on one’s own capabilities (Pintrich, 
2000; Tanaka & Murayma, 2014). In previous research, perceived task 
challenge has been found to be weakly negatively correlated with 
mastery experience (Malmberg et al., 2013; Schmitz & Skinner, 1993) 
and interest (Tanaka & Murayama, 2014) and positively related with 
unpleasant homework emotions (Dettmers et al., 2011). In addition, it 
has been shown that intrapersonal variation in mastery experiences and 
task challenge evaluations is larger than interpersonal variation 
(Schmitz & Skinner, 1993). 

In previous research, the role of value (e.g., the subjective importance 
or personal relevance of success; see also Eccles et al., 1983; Wigfield & 
Cambria, 2010) in emotions seems to be more ambiguous than that of 
control. The control-value theory of achievement emotions (Pekrun, 
2000, 2006, 2017) suggests that high perceived achievement value is 
associated with higher positive emotions and that negative emotions are 
expected be intensified if an individual attributes high value to avoiding 
failure (Pekrun, 2000, 2006). The expected relation of high value with 
higher levels of positive emotions has been consistently confirmed in 
previous research (Ahmed et al., 2010; Bieg et al., 2013; Frentzel et al., 
2007; Goetz et al., 2010; Pekrun, 2000; Shao et al., 2020; Tanaka & 
Murayma, 2014). However, the predictive effect of subjective value on 
negative emotions has been shown to be either positive (e.g., Pekrun, 
2000; Shao et al., 2020), negative (e.g., Ahmed et al., 2010; Boekaerts, 
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2001), or non-significant at between-person level (e.g., Ketonen et al., 
2019). One explanation for this inconsistency between studies may 
relate to multiple ways of assessing value and whether value for success 
and value for avoiding failure have been differentiated (see also Shao 
et al., 2020). 

Little seems to be known about the role of learning experiences and 
task properties in adolescents’ psychophysiological states during 
emotion-evoking achievement situations. Physiological measures during 
emotion-evoking situations can provide valuable information about 
activation/deactivation of autonomic nervous system, which regulates a 
wide range of bodily functions (Kreibig & Gendolla, 2014). As an 
exception, Beh (1990) and Lackner et al. (2015) showed in their ex-
periments that HR increased and HRV decreased during task completion 
among university students who had high efficacy beliefs and who 
attributed high importance of success, whereas for unmotivated and 
task-avoidant individuals HR and HRV did not change during task 
completion. In another type of study among adults, Venables and Fair-
clough (2009) showed that SCR was higher when individuals were given 
cumulative failure feedback regarding their performance. 

4. Interplay of Value, level of challenge and mastery experience 
when predicting emotions and psychophysiological states 

In addition to investigating the main effects of value, control and 
challenge, it is pivotal to shed light also on their interactions with 
experienced emotions and psychophysiological states (see also our 
schematic Fig. 1). The control-value theory of achievement emotions 
(Pekrun, 2000, 2006, 2017) proposes that control and value should 
interact to produce a combined effect on the prediction of achievement 
emotions. For instance, enjoyment of studying is expected when an in-
dividual feels both competent to master the task and attributes high 
value to success. In turn, fear of failure and anxiety are expected to be 
aroused when an adolescent perceives a lack of control over perfor-
mance (cf. failure is possible) combined with high value of avoiding 
failure. The possibility of interaction effects between value and control 
has, however, been overlooked in many prior empirical studies. As an 
exception, in their experience sampling study among university stu-
dents, Goetz et al. (2020) showed that the association between control 

appraisals and enjoyment, pride, and contentment was stronger in sit-
uations where high value appraisals were reported. Putwain et al. 
(2018) also showed in their longitudinal between-person study among 
sixth-graders that high achievement value in the mathematics domain 
amplified the positive relations between perceived control and enjoy-
ment. Furthermore, Bieg et al. (2013) showed in their situational study 
among eighth-grade adolescents that it resulted in more intense feelings 
of anxiety when low control was combined with high value. Finally, in 
their between-person study among Chinese university students in the 
context of foreign language learning, Shao et al. (2020) showed that 
high task-value amplified the positive association between academic 
control and students’ enjoyment, hope and pride and the negative as-
sociation between academic control and students’ anger, anxiety, 
shame, hopelessness and boredom. 

The theory of flow or optimal experience (Csikszentmihalyi, 2008; 
Csikszentmihalyi & Csikszentmihalyi, 1988; see also Schneider et al., 
2016), in turn, suggests that it is important to consider both the level of 
challenge and capabilities to master the activity when trying to under-
stand optimal and non-optimal learning moments. It has been suggested 
that the appropriate level of challenge arouses a person’s motivation to 
improve his or her abilities beyond what has been previously mastered 
(Dweck, 2006; Schneider et al., 2016). The condition when both chal-
lenge and mastery are high are thought to promote flow, that is, a state 
when an individual is so deeply engaged in a task that time loses its 
meaning and basic human needs are deferred (Csikszentmihalyi, 2008; 
Csikszentmihalyi & Csikszentmihalyi, 1988; see also Delle Fave & 
Massimi, 2005). Experiencing enjoyment and feeling successful, happy, 
confident, and active are related to these optimal learning moments. In 
turn, reporting anxiety is anticipated when low mastery is combined 
with high challenges (i.e., an overload of demand in relation to internal 
resources; see also Moneta & Csikszentmihalyi, 1996; Shernoff et al., 
2003). 

Empirical evidence for the mastery–challenge interactions has also 
been found. For example, Tolvanen et al. (2011) showed that when both 
perceived mastery and challenge were high, university students re-
ported a heightened level of positive emotions (cf. flow experience), 
whereas when the sense of mastery was low and sense of challenge high, 
individuals reported a heightened level of negative emotions (i.e., 

Fig. 1. Schematic figure of the study.  
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anxiety). In another study, Inkinen et al. (2014) showed that high 
challenge–high mastery situations were related to a very active and 
positive core affect (see also Russell, 2003; Russell & Barrett, 2003), 
whereas high challenge–low mastery situations were related to an active 
but negative core affect among university students. Schneider et al. 
(2016) further showed among a large sample of secondary school stu-
dents that when adolescents were challenged in their classes and were 
appropriately skilled they were more likely to report feeling confident, 
successful, and happy. 

5. The present study 

To overcome limitations of previous studies described above, we 
adopted the following approaches. First, our study included also mea-
sures of task properties (i.e., the level of task challenge) that have rarely 
been included in previous studies on the role of value and control in 
emotions. Second, as far as we know our study is the first study 
analyzing both intraindividual and interindividual variation and testing 
the interactions anticipated by both the control-value theory of 
achievement emotions (Pekrun, 2000, 2006, 2017) and the theory of 
flow or optimal experience (Csikszentmihalyi, 2008; Csikszentmihalyi & 
Csikszentmihalyi, 1988). Third, our study importantly contributes to 
previous literature as it examines not only adolescents’ subjective 
emotions in achievement situations, but also related physiological 
states. 

More specifically, the aim of this study was to address the following 
research questions (see theoretical figure, Fig. 1). The hypotheses when 
examining antecedents of emotions are based on the control-value the-
ory of achievement emotions (Pekrun, 2000, 2006, 2017) and flow 
theory (Csikszentmihalyi, 2008; Csikszentmihalyi & Csikszentmihalyi, 
1988; see also Schneider et al., 2016). Due to the relative lack of pre-
vious research in this area, no specific hypotheses were set regarding the 
antecedents of psychophysiological states.  

(1) To what extent are learning experiences (value of success, 
mastery experience) and task properties (challenge) related to 
adolescents’ emotions and psychophysiological states during 
achievement situations? H1a: High mastery experience is ex-
pected to promote higher levels of enjoyment and hope and lower 
levels of anger, fear, anxiety, and hopelessness. H1b: High value 
of success is expected to promote higher levels of enjoyment and 
hope, whereas no hypotheses are set regarding negative emo-
tions. H1c: Regarding the task properties, high error rate and high 
perceived challenge are expected to promote higher levels of 
anger, fear, anxiety and hopelessness and lower levels of enjoy-
ment and hope.  

(2) Do learning experiences and task properties have an interactive 
role in adolescents’ emotions and psychophysiological states 
during achievement tasks? More specifically:  
a) Does level of challenge moderate the associations of mastery 

experience with adolescents’ emotions and psychophysiolog-
ical states? H2a: It is expected that high task challenge 
strengthens the association between mastery experience and 
adolescent emotions so that high task challenge combined 
with high mastery experience contributes to heightened levels 
of positive emotions, whereas high task challenge combined 
with low mastery experience is expected to contribute to 
heightened levels of negative emotions and decreased positive 
emotions.  

b) Does level of challenge moderate the associations of value of 
success with adolescents’ emotions and psychophysiological 
states? Due to the relative lack of previous research on this 
topic, no specific hypotheses regarding interaction effects 
were set.  

c) Does value of success moderate the associations of mastery 
experience with adolescents’ emotions and 

psychophysiological states? H2c: It is expected that high value 
of success strengthens the association between mastery expe-
rience and emotions as such high value of success combined 
with high mastery experience will contribute to heightened 
levels of positive emotions. In contrast, no hypotheses are set 
regarding the moderation of negative emotions. 

As girls tend to be physiologically more reactive and more vulnerable 
to experiencing negative emotions than boys (e.g., Fujita, Diener, & 
Sandvi, 1991; McManis, Bradley, Berg, Cuthbert, & Lang, 2001), and 
learning difficulties are related with heightened levels of negative 
achievement emotions (Rosenstreich et al., 2015; Sainio et al., 2019), 
these variables were introduced as control variables. In addition, as the 
tasks used in the present study included both math and reading tasks, the 
task subject (i.e., math vs reading) was controlled for as math tasks 
might evoke more intensive emotional reactions than those of reading 
(Sainio et al., 2019). 

6. Material and methods 

6.1. Participants 

The participants of this study consisted of 190 (47 % girls) sixth- 
grade Finnish adolescents (mean age = 12.31 years; SD of age = 0.38 
years) who participated in an experiment of simulated achievement 
situations during which they completed relatively more and relatively 
less challenging math and reading tasks in Grade 6 (spring). The ado-
lescents came from 27 primary schools and from 52 classrooms. The 
procedures were in accordance with the principles of the Helsinki 
Declaration on research with human subjects. Written consent to 
participate was collected from participants and the research plan of the 
project was approved by the Human Sciences Ethics Committee of the 
local university. 

Finnish was native language for all the adolescents. A total of 72 % of 
adolescents were from nuclear families, while 7 % were from single- 
parent families, 19 % were from blended families, and 2 % were from 
other types of families. A total of 4 % of the adolescents’ parents were 
not educated beyond compulsory education, while 38 % had completed 
upper secondary education, 39 % held a bachelor’s degree or vocational 
college degree, and 19 % held a master’s degree or higher. Regarding the 
family structure and socioeconomic background, the sample was rather 
representative of the same age Finnish population (Official Statistics of 
Finland, 2016a; 2016b). However, because of the sampling procedure 
(see the next section), students with learning difficulties were over-
represented and non-Finnish-speaking students underrepresented. 

Finland is a modern industrialized nation with generation of youth 
growing up with access to the same types of media, culture and learning 
opportunities as youth in other Western and Nordic countries. The study 
includes mainstream students in the national educational system. Given 
our focus on biophysiological correlates of school achievement, we re-
gard our sample of youth as a sample of 11–13 year old humans in an 
industrialized society. 

6.2. Sampling procedure 

Fig. 2 shows the sampling procedure and design of this study. All 190 
participants completed four achievement tasks (each with a four minute 
time limit) that were either more or less challenging for their own skill 
level: two tasks of math (i.e., more challenging and less challenging) and 
two tasks of reading (i.e., more challenging and less challenging). The 
order of the tasks was randomized to minimize the effect of the task 
order (see Fig. 1). As our study was part of a broader study on learning 
difficulties, two-thirds of the adolescents selected for the experiment had 
difficulties primarily in math or primarily in reading. One-third of ad-
olescents had no difficulties but were matched with the others according 
to fluid intelligence and gender distribution. Learning difficulties (i.e., 
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dummy-coded math difficulties, reading difficulties, and overlapping 
math and reading difficulties) were included as control variables in the 
statistical analyses. 

The experiment occurred during normal school hours in an ambu-
latory laboratory built in a campervan parked in the schoolyard. Each 
experiment session was run by trained principal and assistant testers. 
During test sessions, adolescents’ SCR and finger pulse volume (FPV) 

were recorded using a BrainVision QuickAmp amplifier and BrainVision 
Recorder 2.0 software. Adolescents’ HR was registered using the 
BodyGuard (FirstBeat Technologies) system. The Bodyguard and Brai-
nAmp systems’ data were synchronized using an algorithm to precisely 
calculate the same time points, using HR and FPV, both of which 
measured heartbeat (Lampinen et al., 2018). During the test sessions the 
adolescents also filled in computerized questionnaires. Altogether the 

Original longitudinal community 
sample N = 850

Students selected for the 
experiment N = 190 

(n = 66, without learning 
difficulties; n = 62 with math 

difficulties, n = 62 with reading 
difficulties)

Randomization

Math tasks first and 
reading tasks second, 

N = 94

Less challenging 
math task 

first, n = 50

More challenging 
math task 

first, n = 44

Randomization
Randomization

More challenging 
math task 

second, n = 50

Less challenging 
math task 

second, n = 44

Less challenging 
reading task 
first, n = 45

More challenging 
reading task 
first, n = 51

More challenging 
reading task 

second, n = 45

Less challenging 
reading task 

second, n = 51

Randomization

Less challenging 
reading task 
first, n =22

Reading tasks first and 
math tasks second, 

N = 96

Randomization

More challenging 
reading task 
first, n =28

Less challenging 
reading task 
first, n =29

More challenging 
reading task 
first, n =15

Less challenging 
math task 

first, n =23

More challenging 
math task 

first, n =23

Less challenging 
math task 

first, n =24

Less challenging 
math task 

first, n =27

Randomization
Randomization

More challenging 
reading task 

second, n =22

Less challenging 
reading task 

second, n =28

More challenging 
reading task 

second, n =29

Less challenging 
reading task 

second, n =15

More challenging 
math task 

second, n =23

Less challenging 
math task 

second, n =22

More challenging 
math task 

second, n =24

More challenging 
math task 

second, n =27

Fig. 2. The sampling procedure and design.  
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test sessions took approximately 90 min, of which the simulated 
achievement tasks with questionnaires and math and reading tasks with 
varying challenge levels took about 30 min. 

6.3. Description of achievement tasks 

To guarantee equal cognitive demand for each participant within 
both relatively more and less challenging tasks, items within the tasks 
were selected according to participants’ individual skill level, as deter-
mined by their scores in math and reading tests administered in Grade 6 
fall (see Fig. 3). In both two math tasks (i.e., a relatively more and a 
relatively less challenging task, Fig. 3), a total of 20 calculation items 
with varying challenge levels were shown within a four-minute time 
frame (time remaining was shown on the screen). These were adapted 
from the arithmetic fluency test (Kanerva et al., 2019; Räsänen et al., 
2009). The reading tasks were adapted from the nationally normed 
Reading Comprehension task (Lindeman, 1998). In both two reading 
tasks (i.e., a relatively more and a relatively less challenging task; 
Fig. 3), adolescents read silently a short text and answered multiple- 
choice questions probing the underlying meaning of the texts within a 
four-minute time limit (time remaining was shown on the screen). Ad-
olescents were advised to do their best, and to try to be as quick as 
possible. No external feedback regarding their performance was given. 
In order to eliminate carry-over effects between the four tasks and to 
draw students’ attention away from the experimental situation, the 
adolescents were asked to rate their appreciation for jokes/comics strips 
between every-two consecutive experimental tasks. 

6.4. Measures 

6.4.1. Dependent variables 
Emotions. Students’ achievement emotions were assessed with the 

Emotions in Achievement Situations (EAS) scale (Kiuru et al., 2014; see 
also Lehikoinen et al., 2019). The items included in the scale were 
adapted from the Achievement Emotions Questionnaire (AEQ; Pekrun 
et al., 2011) of the pool of items intended to measure test emotions 
during taking tests and exams and from the Positive and Negative Affect 
Schedule (PANAS; Watson et al., 1988) with the aim to assess emotions 
during real-time achievement situations. Adolescents’ experienced 
emotions were assessed immediately after they had completed each task 
by asking “How did you feel during the task?” The applied items from 
the Emotions in the Achievement Situations (EAS) scale with a Likert 
scale ranging from 1 (disagree) to 5 (agree) were the following: (1) I was 
enthusiastic (enjoyment); (2) I was optimistic that I could do the task 
(hope); (3) I was angry/irritated (anger), (4) I was nervous/restless 
(anxiety); (5) I feared failing (fear), and (6) I felt hopeless (hopeless-
ness). The items’ test–retest reliabilities across the experimental tasks 
and separately for mathematics and reading domains were good 
(≥0.70). 

SCR. Adolescents’ skin conductance was recorded utilizing two 
disposable electrodes (Ag/AgCI, AmbuNeurolone 710) on the palm of 
non-dominant hand, below the first and fourth digits. The electrodes 
were attached to a QuickAmp skin conductance (SC) module (Brain 
Products GmbH), which determines skin conductance with a DC 
instrumentation amplifier using 0.5 V constant voltage. The signal was 
amplified in DC mode and low-pass filtered at 250 Hz. The relaxed 

Fig. 3. Description of individual adaptation of challenge levels of achievement tasks.  
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chatting about daily activities prior to the actual test situation was the 
baseline, lasting approximately 5 min (see also Lehikoinen et al., 2019). 
Skin conductance data were divided into phasic and tonic SC compo-
nents using the LEDALAB (V.3.4.6) toolbox for MATLAB (Benedek & 
Kaernbach, 2010). SC values were down sampled to 1 Hz, corresponding 
to the sampling rate of calculated HR variables (see also Lampinen et al., 
2018). Because of the tasks’ short duration, the analyses targeted phasic 
(reactive, rapidly changing peaks) skin conductance responses (SCR) 
rather than the smooth, slowly changing phasic baseline level. First, the 
SCR values were normalized according to the mean and standard devi-
ation of each adolescent’s baseline. Subsequently, the sum of peaks 
(above + 2 standard deviations) in the normalized SCRs were calculated 
and divided by the length of the task period separately for each task. 

HR and HRV. Heartbeat data were measured utilizing a Firstbeat 
Bodyguard recording device (Firstbeat Technologies, Jyväskylä, 
Finland; https://www.firstbeat.com) recording continuously at a 1,000- 
Hz sampling rate. The device’s two recording electrodes were placed 
under the collarbone on the body’s right side and the ribcage on the left. 
Heartbeat data were automatically artefact corrected with the web- 
based Lifestyle assessment software utilizing a proprietary algorithm 
(Firstbeat Technologies 2014). Several heartbeat variables were calcu-
lated and stored at 1 Hz resolution. HR and HRV were the variables used 
in this study. HRV was determined by calculating the root mean square 
of successive heartbeat differences using a five-minute window centered 
on each time point (see also Goedhart et al., 2007; Penttilä et al., 2001). 
All raw values for HR and HRV were normalized like SCRs according to 
the mean and standard deviation of each student’s baseline. Each ado-
lescent’s means were calculated across normalized HR and HRV sepa-
rately for each task. 

6.4.2. Independent variables 
Value of success. The perceived value of success was measured 

before math and reading tasks with two questions (i.e., How important it 
is for you to succeed in math/reading? How important it is for you to do 
well in math/reading tasks? See also Eccles et al., 1983). Answers were 
given according to a Likert scale ranging from 1 (not important at all) to 
5 (very important). Mean scores across the items were calculated for 
adolescents’ value of success prior to math or reading task (αs ≥ 0.70). 

Mastery experience. Adolescents reported their mastery experience 
after each task by responding two questions (i.e., How well do you think 
you succeeded in the task? How well do you think you succeeded in the 
task when compared to same-aged peers?) on a Likert scale ranging from 
1 (very poorly) to 5 (very well; see also Eccles & Wigfield, 1995; Spinath 
& Steinmayr, 2008). The mean scores across the items were calculated to 
measure mastery experience in each math or reading task (αs ≥ 0.70). 

Level of task challenge. Adolescents reported their perceptions of 
task challenge after each task by responding two questions (i.e., How 
difficult was the task? How difficult was the task compared to what you 
expected? See also Malmberg et al., 2013) on a Likert scale ranging from 
1 (very easy/much easier) to 5 (very difficult/much more difficult). The 
mean scores for the questions were calculated to measure experienced 
task challenge (ωs ≥ 0.70). As another measure of task challenge, error 
rate (%) was calculated in each task by dividing the number of incorrect 
answers in the task by the number of completed task items. 

6.4.3. Control variables 
The controlled covariates in the statistical analyses consisted of 

students’ gender (1 = girl, 2 = boy), task subject (0 = reading, 1 =
math), reading difficulty (0 = others, 1 = reading difficulty), math dif-
ficulty (0 = others, 1 = math difficulties), and reading + math diffi-
culties (0 = others, 1 = reading difficulties + math difficulties). Tasks 

and cut-offs used for identifying adolescents with reading difficulty and/ 
or math difficulties are described in detail in (Sainio et al., 2019). 
Identification of math difficulties (MD) was based on the time-limited (3 
min) Arithmetic Fluency Test (see also Räsänen et al., 2009) containing 
28 items of addition, subtraction, multiplication, and division (α =
0.82). The identification of reading difficulty (RD) was based on the 
arithmetic mean of standardized scores in three tests of reading fluency 
(α = 0.87). First, in the Word Identification test, students were 
instructed to identify as many words as possible within the time limit (1 
min and 30 s) in word chains (25), each comprising four different words 
written without spaces (e.g., “tailorbilberryreadyhorse” -> “tailor| 
bilberry|ready|horse”). Second, in the Spelling Errors test, students were 
instructed to mark as many spelling errors (incorrect, extra, or missing 
letter) as possible in 100 words within the time limit (3 min and 30 s) (e. 
g., carot -> car|ot). Third, in the short version (36 items) of the Salzburg 
reading-fluency test (see also Landerl, Wimmer & Moser, 1997), stu-
dents were instructed to mark the truthfulness (true / false) of as many 
sentences read silently as possible within the time limit (1 min and 30 s) 
(e.g., “To pass a driving test, it is necessary to have good skills in 
swimming.”). 

6.5. Statistical analyses 

After first exploring descriptive statistics, the statistical analyses 
were conducted using a multilevel modeling technique (Heck & Thomas, 
2015; Muthen & Muthen, 1998–2021), where four repeated measure-
ments (i.e., relatively more and less challenging tasks in both math and 
reading; level 1; within-person level) were nested within individuals 
(level 2; between-person level). Together with the two-level analyses, 
the Type = Complex approach (Muthen & Muthen, 1998–2021) was 
applied to account for the classroom level. This method adjusts the 
standard errors for the clustering (classrooms), safeguarding against 
Type 1 errors. Multilevel modelling allowed us to investigate the asso-
ciations of value of success, level of challenge and mastery experience 
with self-reported emotions and psychophysiological states simulta-
neously at the within-person (task) and between-person (adolescents) 
levels when accounting for classroom differences, as well as to include 
within- and between-level predictors in the models. 

The models were conducted along the following steps. First, intra-
class correlations and within- and between variance estimates were 
calculated for the independent and dependent variables between tasks 
and persons. Second, within-person and between-person level correla-
tions were investigated. Task subject (i.e., math vs reading) was speci-
fied as a within-level variable, whereas gender and learning difficulties 
were treated as between-level variables. All the other variables were 
modelled at both levels. 

Finally, separate multilevel models to predict each of the self- 
reported emotions (i.e., enjoyment, hope, anger, anxiety, fear, hope-
lessness) and ANS variables (i.e., SCR, HR, HRV) were specified. At both 
levels, self-reported emotions and ANS variables were predicted by 
value of success, perceived challenge, extent of errors, and mastery 
experience in the task, while controlling for the effect of task subject at 
within level and the effects of gender and learning difficulties at between 
level. In addition, the interaction terms between value of success, 
perceived challenge, extent of errors, and mastery experience (i.e., 
Value × Mastery Experience, Perceived Challenge × Mastery Experi-
ence, Errors × Mastery experience, Value × Perceived Challenge, and 
Value × Errors) were estimated at both levels. At the between-level, the 
interaction terms were calculated between the group-mean (i.e., indi-
vidual) aggregated variables to enable estimation of interaction terms at 
both levels. Only statistically significant interaction terms were included 
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in the final models. Three-level interactions were also tested but as none 
of them was significant they were omitted from the final models that 
included only the hypothesized interaction terms. 

The analyses were performed with the Mplus statistical package 
(Version 8.4, Muthén & Muthén, 1998–2021). There was no missing 
data (0 %) in the adolescent-rated emotions. In turn, information on SCR 
was missing for 19 % and on HR and HRV for 25 % of adolescents. For 
the moderator variables, the proportion of missingness was 0 %. Full- 
information maximum likelihood estimation was used, which allowed 
us to use all the information in the data with non-normality robust 
standard errors (Muthén & Muthén, 1998–2021). 

7. Results 

7.1. Descriptive statistics 

Table 1 shows the descriptive statistics. Adolescents’ error rate was 
higher in the relatively more than less challenging tasks with moderate 
to large effect sizes (d for math tasks = 1.05; d for reading tasks = 0.52), 
suggesting that the manipulating the level task challenge was successful. 

7.2. Intraclass correlations and Within-and Between-Level correlations 

Intraclass correlations (ICC) were calculated to determine what 
proportion of the variance in observed variables was attributed to dif-
ferences between individuals and what proportion to differences be-
tween task conditions within individuals (i.e., situational level). ICCs 
and within- and between-variance estimates of observed variables are 
shown in Table 2. The results revealed that between-person differences 
were largest for value of success (68 %) and mastery experience (38 %), 
whereas most of the variance in level of challenge (92 %) and extent of 
errors (81 %) was attributed to the situational level. Regarding experi-
enced emotions and ANS variables, 45 % to 70 % of the total variance 
was explained by differences between individuals, whereas the rest of 
the variation was explained by the situational level. 

Table 3 presents within- and between-level correlations between the 
observed variables. Within-person correlations are shown below the 
diagonal and between-person correlations are shown above the 
diagonal. 

7.3. Multilevel models 

The results of the multilevel models for adolescents’ emotions are 

shown in Table 4 and for adolescents’ psychophysiological states in 
Table 5. 

Main effects. The within-person level results for experienced emo-
tions (Table 4) showed, first, that high value of success was related to 
higher levels of enjoyment and hope during the task. Second, high 
mastery experience was related to higher levels of enjoyment and hope 
and lower levels of anger, anxiety, and hopelessness. Third, high 
perceived task challenge was associated with lower levels of enjoyment 
and hope and higher levels of anxiety and hopelessness, whereas high 
error rate in the task was related to lower levels of enjoyment and hope 
and higher levels of anxiety, fear, and hopelessness. The within-person 
level results for psychophysiological states (Table 5) showed that high 
error rate was related to higher HRV. 

The results at the between-person level for experienced emotions 
(Table 4) showed that high value of success was related to higher hope, 
and high mastery experience was related to higher enjoyment and hope 
and lower fear. High perceived task challenge, in turn, was related to 
lower enjoyment, and high error rate was related to higher hopelessness. 
Regarding the psychophysiological variables (Table 5) none of the main 
effects of value, challenge, and mastery experience were significant. 

Interactive effects. Six of the tested interaction terms at the within- 

Table 1 
Means and standard deviation of observed variables during achievement tasks (n = 146–190).   

Math task Reading task  

More challenging Less 
Challenging 

More challenging Less 
challenging 

Variable M SD M SD M SD M SD 

Self-reported emotions         
Enjoyment  3.00  1.07  3.42  1.11  3.85  0.93  3.80  0.92 
Hope  3.04  1.00  3.42  0.90  3.73  0.89  3.66  0.90 
Anger  1.35  0.80  1.24  0.62  1.14  0.45  1.14  0.50 
Anxiety  1.70  1.02  1.46  0.77  1.25  0.61  1.27  0.61 
Fear  2.42  1.20  2.25  1.12  2.04  1.09  2.01  1.11 
Hopelessness  1.72  1.02  1.47  0.82  1.34  0.73  1.36  0.81  

ANS variables         
SCR  4.00  6.61  3.56  6.01  3.77  6.10  3.74  7.40 
HR  − 0.30  1.82  − 0.33  1.75  − 1.24  1.83  − 1.21  1.66 
HRV  0.33  1.71  0.22  1.48  0.91  2.02  0.77  2.04  

Level of challenge         
Extent of errors (%)  0.39  0.24  0.18  0.15  0.35  0.22  0.24  0.20 
Perceived challenge  3.58  0.74  3.09  0.77  2.55  0.78  2.51  0.78  

Table 2 
Intraclass correlations and between-person (individual-level) and within-person 
(situational level) level variance estimates of observed variables (nbetween =

146–190, nwithin = 583–760), when controlling for classroom differences Note. 
*** p <.001, * p <.05.    

Between-level Within-level 

Predictors ICC Variance S.E Variance S.E 

Value of success  0.68***  0.36***  0.04  0.17***  0.03 
Mastery experience  0.38***  0.18***  0.03  0.30***  0.03 
Perceived challenge  0.08*  0.06*  0.03  0.72***  0.06 
Extent of errors (%)  0.19***  0.01***  0.001  0.04***  0.002  

Dependent variables       
Enjoyment  0.45***  0.51***  0.06  0.63***  0.05 
Hope  0.46***  0.42***  0.06  0.50***  0.04 
Anger  0.55***  1.22***  0.04  0.17***  0.04 
Anxiety  0.50***  0.31***  0.07  0.31***  0.05 
Fear  0.55***  0.72***  0.07  0.58***  0.05 
Hopelessness  0.61***  0.46***  0.09  0.29***  0.04 
SCR  0.67***  28.64*  11.28  14.05***  3.93 
HR  0.70***  2.33***  0.45  0.98***  0.11 
HRV  0.54***  1.84***  0.51  1.56***  0.27  
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level and five of the tested interaction terms at the between-level were 
significant when predicting adolescents’ experienced emotions and 
psychophysiological states (Tables 4 and 5). The results showed, first, 
that Mastery Experience × Perceived Challenge interaction term was 
significant when predicting enjoyment, anger, anxiety, hopelessness, 
and SCR at the within-person level (for interpretations, see Fig. 4): low 
mastery experience was related to lower enjoyment, higher anger, 
anxiety and hopelessness, and increased SCR especially during those 
tasks that adolescents perceived highly challenging, whereas no similar 
effects of mastery experience were found in tasks that adolescents 
perceived non-challenging. Furthermore, Mastery Experience ×

Perceived Challenge interaction term was also significant when pre-
dicting hope at the between-person individual level (see Fig. 4), so that 
when adolescents generally perceived high levels of challenge (inde-
pendent of the task) their experience of high mastery was related to 
higher hope, whereas if adolescents perceived low levels of challenge 
(independent of the task) their experienced mastery was unrelated to 
hope. 

Second, the results for interactions showed that the Value of Success 
× Errors interaction term was significant when predicting adolescent 
anger and anxiety at the between-person level (see Fig. 5). When ado-
lescents’ error rate was generally high (independent of the task), low 
value of success was related to higher levels of anger and anxiety, 
whereas if error rate was low, value of success was unrelated to anger 
and anxiety. 

Finally, the results for interactions showed that the Mastery Experi-
ence x × Success Value interaction term was significant when predicting 
SCR and HRV at the within-person level (see Fig. 6) so that when ado-
lescents perceived high value of success in a task, their high mastery 
experience in a task was related to increased SCR and decreased HRV 
during that task. By contrast, if adolescents perceived low value of 
success in a task, their mastery experience in a task was related to 
decreased SCR and increased HRV during the task. 

8. Discussion 

This study provided novel understanding about the roles of learning 
experiences (value, mastery) and task properties (challenge) in adoles-
cents’ emotions and psychophysiological states. Following our theoret-
ical frame (Fig. 1) we proposed moderation-hypotheses (e.g., Pekrun, 
2006; 2017; Csikszentmihalyi, 2008). The results of multilevel model-
ling showed that aside from the anticipated main effects at within- and 
between-person levels, significant interaction effects were also found. 
Perceived challenge moderated the association of mastery experience 
with students’ experienced emotions and SCR, whereas error rate 
moderated the association of success value with anger and anxiety. 
Success value also moderated the association of mastery experience with 
SCR and HRV. In general, the relations between learning appraisals and 
emotions were more consistent at the within- than the between-person 
level and different emotions were also more clearly separate at this 
level. The results underscore the importance of individuals’ situational 
appraisals and the extent of errors as eliciting factors with respect to 
emotions and psychophysiological states in achievement situations. 

8.1. Main effects of value, mastery, and challenge on emotions and 
psychophysiological states 

Our first aim was to examine intraindividual and interindividual 
main effects of value of learning experiences (success, mastery) and task 
properties (challenge) on adolescents’ emotions during achievement 
tasks, when controlling for the effects of gender, task subject (i.e., math 
vs reading), learning difficulties, and classroom differences. The results 
showed, first, in line with H1a and our schematic figure (Pekrun, 2000, 
2006, 2017; see also Ahmed et al., 2010; Boekaerts, 2001; Clem et al., 
2021) that high mastery experience was related to higher enjoyment and 
hope and lower anger, fear, anxiety, and hopelessness. Mastery Ta
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experience explained both between-person and situational/task- 
variation in positive emotions. In regards to negative emotions, lower 
mastery experience was mainly related to situationally experienced 
anger, anxiety, and hopelessness, and to a fear level typical of an indi-
vidual across the situations. High mastery experience implies a sense of 
high control in achievement situations (Pekrun, 2017) that might effi-
ciently promote positive emotions and increase openness to flexible 
problem-solving strategies (Fredrickson, 2001). In contrast, experience 
of low mastery when performing a task is likely to increase anger, 
anxiety, fear, and even hopelessness (Ahmed et al., 2010). Hence, our 
results suggest that providing adolescents with opportunities for success 
and related mastery experiences might effectively enhance their positive 
achievement emotions and decrease their negative achievement emo-
tions (Seligman & Csikszentmihalyi, 2000). 

Second, the results showed, in line with H1b and our schematic 
figure (Pekrun, 2006, 2017; see also Ahmed et al., 2010; Bieg et al., 
2013; Frentzel et al., 2007; Shao et al., 2020; Tanaka & Murayma, 2014) 
that high value of success was related to higher levels of enjoyment and 
hope. Value of success was related to hope at both within-and between- 
person level, whereas the association between value of success and 
enjoyment was significant only at the within-person level. The results 
suggest that adolescents tend to be more hopeful and enjoy achievement 
tasks more when they attribute high value to successful task completion. 
In line with the control-value theory of achievement emotions (Pekrun, 
2006, 2017), this suggests that efforts to promote the personal relevance 
and meaningfulness of learning and achievement activities could serve 
to enhance positive achievement emotions (see also Goetz et al., 2010). 
No significant main effects for the value of success on negative emotions 
were found at within-person or between-person levels. One explanation 
for the lack of results concerning negative emotions is that we measured 

only value of success and lacked a separate measure for value of 
avoiding failure. The control-value theory of achievement emotions 
(Pekrun, 2000, 2006, 2017) suggests that negative emotions should be 
intensified if an individual attributes high value for avoiding failure 
(Pekrun, 2000, 2006). It is possible that the phenomenon is different 
when negative emotions are examined in relation to the value of success. 

Third, in line with H1c, the results regarding the level of task chal-
lenge showed (see also Dettmers et al., 2011; Tanaka & Murayama, 
2014) that high perceived challenge (see also Malmberg et al., 2013; 
Pintrich, 2000) was related to both lower levels of positive emotions 
(enjoyment, hope) and higher levels of negative emotions (anger, fear, 
anxiety and hopelessness) especially at the within-person level. 
Furthermore, a high number of errors (perhaps related to a sense of 
struggling and failing in the task) triggered anger, fear, and anxiety 
especially at the within-person level and more hopelessness at both 
levels. The results underscore the importance of paying attention to the 
relationship between adolescents’ skills and task demands when aiming 
to stimulate positive emotions and decreasing negative emotions during 
task completion (see Spinath & Steinmayr, 2008; Vygotski, 1978). 

The within-person level results for psychophysiological states 
showed that a high proportion of errors in the task was related to higher 
HRV. Previous research has shown that increased HRV (i.e., PNS acti-
vation) is related to lower situational demands and relaxation, but also 
to more intense efforts in emotion regulation (Beauchaine & Cicchetti, 
2019). The found results for HRV could be tentatively interpreted so that 
a high number of errors (perhaps experienced as failures) might stimu-
late adolescents’ increased efforts in negative emotion regulation during 
task completion. Alternatively, these youth might have disengaged from 
the task, and not felt stressed about careless mistakes. 

Table 4 
Multilevel models for experienced emotions.   

Dependent variable  

Enjoyment Hope Anger Anxiety Fear Hopelessness  

Within-level Within-level Within-level Within-level Within-level Within-level 

Independent variable Stand β s.e Stand β s.e Stand β s.e Stand β s.e Stand β s.e Stand β s.e 

Task subject1 -0.14** 0.04 -0.07 0.04 0.08 0.06 0.11** 0.04 0.10* 0.05 -0.01 0.03 
Value of success 0.33*** 0.06 0.15* 0.07 0.08 0.14 -0.01 0.13 -0.01 0.11 0.08 0.10 
Mastery experience 0.30*** 0.05 0.42*** 0.06 -0.24** 0.09 -0.19** 0.06 -0.10 0.09 -0.38*** 0.08 
Perceived challenge -0.34*** 0.06 -0.24*** 0.06 0.02 0.08 0.21** 0.05 0.12 0.07 0.17** 0.06 
Errors (%) -0.08* 0.04 -0.06* 0.03 0.03 0.05 0.12* 0.05 0.12** 0.04 0.07+ 0.04 
Value × mastery experience             
Mastery experience × perceived challenge 0.08* 0.04   -0.18** 0.07 -0.16** 0.05   -0.23*** 0.05 
Mastery experience × errors             
Value × perceived challenge         0.12* 0.04   
Value × errors             
R2 (within) R2 = 0.58 R2 = 0.45 R2 = 0.13 R2 = 0.23 R2 = 0.11 R2 = 0.32   

Between-level Between-level Between-level Between-level Between-level Between-level 
Independent variable Stand β s.e Stand β s.e Stand β s.e Stand β s.e Stand β s.e Stand β s.e 

Gender2 -0.01 0.07 0.25*** 0.06 0.09 0.07 -0.01 0.08 -0.11 0.07 0.02 0.07 
RD 0.05 0.08 0.12 0.09 -0.03 0.00 -0.12 0.09 -0.04 0.08 -0.01 0.07 
MD -0.07 0.09 -0.02 0.08 0.01 0.09 0.02 0.10 0.14 0.08 0.03 0.09 
RD & MD 0.06 0.10 0.20 0.11 -0.08 0.08 -0.16 0.09 0.11 0.09 -0.02 0.10 
Value of success 0.03 0.11 0.31** 0.13 -0.10 0.17 -0.08 0.18 0.23 0.16 -0.01 0.12 
Mastery experience 0.17* 0.08 0.39*** 0.12 -0.10 0.12 -0.10 0.12 -0.29** 0.10 -0.07 0.11 
Perceived challenge 0.31*** 0.09 0.11 0.08 0.15 0.13 0.01 0.11 0.01 0.10 0.05 0.09 
Errors (%) 0.04 0.07 0.01 0.06 0.07 0.08 -0.06 0.10 0.07 0.09 0.20* 0.10 
Value × mastery experience             
Mastery experience × perceived challenge   0.20* 0.08         
Mastery experience × errors             
Value × perceived challenge             
Value × errors     -0.19** 0.09 -0.16* 0.08     
R2 (between) R2 = 0.11 R2 = 0.41 R2 = 0.14 R2 = 0.08 R2 = 0.18 R2 = 0.06 

Note. Paths are presented as standardized estimates. *** p <.001, ** p <.01, * p <.05. 10 = reading task, 1 = math task 20 = girl, 1 = boy. Correlations between 
predictors were allowed. Only statistically significant interaction terms are included in the final models. 
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8.2. Interactive effects of value, mastery and challenge on emotions and 
psychophysiological states 

Our second aim was to investigate whether learning experiences 
(value, mastery) and task properties (challenge) have an interactive role 
in adolescents’ emotions and psychophysiological states. First, the re-
sults revealed that perceived challenge moderated the relationship be-
tween mastery experience and hope at the between-person level and 
between mastery experience and enjoyment, anger, anxiety, hopeless-
ness, and SCR at the within-person level. The results for hope at the 
between-person (individual) level supported H2a and our schematic 
model (Csikszentmihalyi, 2008; Csikszentmihalyi & Csikszentmihalyi, 
1988) by showing that high task challenge strengthened the association 
between mastery experience (independent of the task) and hope: high 
perceived task challenge combined with high mastery experience 
contributed to heightened levels of hope during the task. This suggests 
that adolescents experience enhanced hope and perhaps pride when 
they perceive higher than average levels of both challenge and mastery, 
indicating that a task is within one’s mastery level and not over-
whelmingly difficult (see also Moneta & Csikszentmihalyi, 1996; 
Scheiner et al., 2016; Shernoff et al., 2003;). At the same time, no similar 
interpretation of the mastery–challenge interaction was found for 
enjoyment. It is possible that adolescents nevertheless did not experi-
ence any strong flow moments during the experimentally built simu-
lated achievement situations. 

Furthermore, the results for anger, anxiety, hopelessness, and 
enjoyment at the within-person (situational) level supported H2a and 
our schematic model (Csikszentmihalyi, 2008; Csikszentmihalyi & 
Csikszentmihalyi, 1988) by showing that low mastery experience com-
bined with high task challenge was related to heightened anger, anxiety 
and hopelessness and decreased enjoyment during achievement 

situations. In addition, high mastery experience in the task was related 
to increased SCR (i.e., SNS activation) when adolescents experienced 
high challenge in the task. The result for SCR also supports the flow 
theory (Csikszentmihalyi, 2008; Csikszentmihalyi & Csikszentmihalyi, 
1988) by showing that when low mastery is combined with a high level 
of challenge, anticipated anxiety can be observed also in the physio-
logical reaction. The results are also in line with those of Venables and 
Fairclough (2009), who observed increased SCR when adult participants 
received cumulative failure feedback in regard to their performance. 
Overall, it is possible that if an adolescent experiences too much anxiety 
or stress in achievement situations (at both the psychological and 
physiological level) they may become frozen or disengaged from the 
activity (see also Salmela-Aro & Upadyaya, 2014). 

Second, the results revealed that error rate moderated the associa-
tion of success value with anger and anxiety at the between-person level 
by showing that a high number of errors combined with a low value of 
success was related to heightened levels of anger and anxiety. Due to the 
relative lack of previous research on this topic, no specific hypotheses 
regarding interaction effects were originally set. One possible explana-
tion for the results is that if adolescents value success highly, they also 
tolerate more errors without substantial frustration because succeeding 
despite the challenge is important for them. Another possible explana-
tion is that adolescents with low value of success exert less effort and 
make more errors in the tasks because they do not care about the 
outcome (see also Putwain et al., 2018). They may also generally be 
frustrated by the achievement situation itself rather than reacting 
emotionally to specific task properties. Further research is needed to 
shed light on these alternative underlying mechanisms. Future studies 
should also measure value of success and value of failure as separate 
constructs (see also Pekrun, 2006; Shao et al., 2020) to shed further light 
on possible interactive effects with the task challenge on experienced 

Table 5 
Multilevel models for ANS variables.   

Dependent variable  

SCR HR HRV  

Within-level Within-level Within-level 

Independent variable Stand β s.e Stand β s.e Stand β s.e. 

Task subject 1 -0.01 0.03 0.47*** 0.06 -0.23*** 0.06 
Value of success -0.02 0.10 -0.04 0.12 0.11 0.13 
Mastery experience -0.07 0.08 -0.09 0.09 0.02 0.07 
Perceived challenge 0.08 0.06 -0.05 0.06 -0.03 0.07 
Errors (%) 0.01 0.04 0.01 0.05 0.12* 0.06 
Value × mastery experience       
Mastery experience × perceived challenge -0.12* 0.05     
Mastery experience × errors       
Value × perceived challenge       
Value × errors       
R2 (within) R2 = 0.01 R2 = 0.23 R2 = 0.08    

Between-level Between-level Between-level 
Independent variable Stand β s.e Stand β s.e Stand β s.e. 
Gender 2 -0.09 0.07 -0.10 0.10 -0.18* 0.09 
RD -0.07 0.07 0.15 0.08 -0.04 0.09 
MD -0.08 0.09 0.08 0.09 -0.18* 0.08 
RD & MD 0.10 0.10 0.11 0.10 -0.16+ 0.07 
Value of success -0.01 0.12 0.18 0.13 -0.22 0.14 
Mastery experience -0.06 0.11 0.02 0.09 -0.09 0.12 
Perceived challenge -0.01 0.09 -0.09 0.10 0.09 0.10 
Errors (%) 0.12 0.10 0.05 0.09 0.07 0.09 
Value × mastery experience 0.13* 0.04   -0.26* 0.13 
Mastery experience × perceived challenge       
Mastery experience × errors       
Value × perceived challenge       
Value × errors       
R2 (between) R2 = 0.09 R2 = 0.08 R2 = 0.14 

Note. Paths are presented as standardized estimates. *** p <.001, ** p <.01, * p <.05, + p <.10. 10 = reading task, 1 = math task 20 = girl, 1 = boy. Correlations 
between predictors were allowed. Only statistically significant interaction terms are included in the final models. 
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emotions. 
Third, the results showed no moderation effect for success value in 

the relationship between mastery experience and adolescents’ experi-
enced emotions. These results are against H2c and our schematic model 
(Pekrun, 2006, 2017), in which we expected that high value of success 
combined with high mastery experience would contribute to heightened 
levels of positive emotions. Our results also differ from the results of 
some previous between-person studies (Putwain et al., 2018) and studies 
using an experimental sampling method among secondary or university 
students in real-time situations (e.g., Bieg et al., 2013; Goetz et al., 
2010). One possible explanation for the lack of Value of Success ×

Mastery Experience interactions when predicting emotions relates to 
differences in study designs, sample, and control variables. Our study 
also included measures for the level of task challenge that have rarely 
been included in the studies which examine the role of value and control 
in emotions. Another possible explanation for the lack of expected in-
teractions is that only four repeated measurements (i.e., tasks) were 
nested within adolescents. Although from medium to large intraclass 
correlations were found and despite the fact that a sample size of almost 
200 adolescents is likely to partly compensate possible power challenges 
related to a small number of within-level units (see also Arend & 
Schäfer, 2019), it is still possible that some of our complicated multilevel 

Fig. 4. Adolescent perceived challenge as a moderator of the associations between mastery experience and emotional and physiological states: between mastery 
experience and enjoyment (upper left), between mastery experience and hope (upper right), between mastery experience and anger (middle left), between mastery 
experience and anxiety (middle right), between mastery experience and hopelessness (bottom left), and between mastery experience and SCR (bottom right). 
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models lacked power to detect significant interactions. Future studies 
would benefit from situational designs in which a larger number and a 
variety of different types of achievement situations would be nested 
within individuals. In general, more empirical research is needed for 
Value × Control interactions in different age groups, different types of 
situations, and contexts. 

The results nevertheless showed that success value moderated the 
association of mastery experience with SCR and HRV at the within- 
person situational level, so that high success value combined with 
high mastery was related to increased SCR and decreased HRV. These 
findings are in line with Beh (1990) and Lackner et al. (2015), who 
showed in their experiments that HR increased and HRV decreased 
during task completion for university students and adults who had high 
efficacy beliefs and who attributed high importance of success. Per-
forming well when adolescents highly value success may be related to 
adolescents’ higher activation and alertness, which are also shown at the 
physiological level. However, the other part of the interpretation of the 
Value × Mastery interaction was that also low success value combined 
with low mastery was related to increased SCR and decreased HRV. One 
possible explanation for this finding is that perceived failure (low 
mastery) combined with helplessness and understating the importance 
of success activates the sympathetic nervous system. These are inter-
esting and novel findings that are partly challenging to interpret and 

thus they warrant further research. Due to the relative lack of previous 
research, we had not set any a priori hypotheses for the predictions of 
ANS variables. 

9. Limitations and Future directions 

This study is not without limitations. First, although the present 
study investigated the role of learning experiences and task properties in 
adolescents’ emotions and psychophysiological states in achievement 
situations, these were not authentic classroom situations. Hence, there is 
a need for future studies to examine similar mechanisms in actual 
classroom situations during various classroom activities and in various 
learning contexts. Quantitative studies should also be complemented 
with qualitative, mixed-method or single-subject designs in real-time 
learning settings in order to shed further light on students’ learning 
experiences. 

Second, although our study involved several different tasks (i.e., 
repeated situational measurements nested within individuals), we did 
not have a longitudinal cross-lagged design. Hence, causal conclusions 
about the directions of situational associations cannot be drawn. In 
addition, in our study the psychophysiological measures during the tasks 
were averaged separately for each task whereas self-reported emotions 
were requested immediately after the tasks (to avoid interfering with 

Fig. 5. Adolescent value of success as a moderator of the associations between 
the extent of errors and emotions: between amount of errors and anger (above), 
and between amount of errors and anxiety (below). 

Fig. 6. Adolescent value of success as a moderator of the associations between 
mastery experience and psychophysiological states: between mastery experi-
ence and SCR (above), and between mastery experience and HRV (below). 
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task performance), which complicates the assumptions we can make 
about the direction of effects between emotions and physiological pa-
rameters. Future studies should investigate the reciprocal dynamics 
between learning experiences and task properties and adolescents’ 
emotions and psychophysiological states both at between and within 
person levels. Further studies would also benefit from considering 
additional moderator variables and longer mediator chains to reveal 
causal ordering and possible feedback loops of learning experiences, 
emotions, and psychophysiological states. 

Third, we used short measures to make the simulated achievement 
situations as authentic as possible when asking the same questions 
several times across different situations. Future studies would benefit 
from the use of longer scales that would enable more profound mea-
surement of learning experiences and emotions, although keeping in 
mind how to motivate adolescents to fill the longer questionnaires 
carefully. There was also an asymmetry between some variables of 
learning experiences in terms of situational specificity. Mastery, chal-
lenge, and emotions were assessed as task-related variables, but value of 
success in math or reading as general variables. Future studies could 
replicate the findings with the symmetric designs. To extend our work it 
would also be useful to investigate a broader variety of emotions (e.g., 
pride, shame, curiosity) than was investigated in the present study. 

Fourth, some of the investigated negative emotions, such as anger, 
anxiety and hopelessness also showed rather low group-level means 
during the achievement tasks. It is possible that the presented tasks were 
too brief to evoke strong negative emotions among the adolescents. 
Hence, the experimental situation might require stronger manipulation 
than was applied in the present study for these emotions to occur (in 
which case ethical issues would have to be considered. 

Finally, although the socioeconomic background of our sample was 
rather representative of the same age Finnish population, students with 
learning difficulties were overrepresented and non-Finnish speaking 
students underrepresented in our sample due to the sampling procedure. 
In future studies, it would be valuable to examine similar mechanisms 
with more representative samples, in various clinical groups, in different 
age groups (younger and older learners and even among adults in 
various context such as out of college and workplace training settings) 
and with individuals from different educational and cultural systems (e. 
g., Latin America, Africa, or Middle Eastern contexts) to evaluate 
whether the findings can be replicated in various settings. Through such 
findings we would get evidence that the models tested are universal 
instead of being results of the current sample, only. In future studies it 
would also be valuable to investigate consequences for learning of 
various learning experiences and related positive and negative emotions 
and physiological states and different linear and nonlinear combinations 
of these. 

10. Conclusion and practical implications 

The results of our study were acquired in simulated achievement 
situations mimicking the true dynamics of “natural” situations. In gen-
eral, they supported our schematic model (Fig. 1), which was informed 
by control-value theory of achievement emotions (Pekrun, 2006, 2017) 
and flow theory (Csikszentmihalyi, 2008; Csikszentmihalyi & Csiks-
zentmihalyi, 1988; see also Schneider et al., 2016). 

The results for the main effects showed that both learning experi-
ences (value, mastery) and task properties (challenge) play a pivotal role 
in evoking emotions in achievement situations. Our study suggests that 
interventions to promote positive achievement emotions that target 
enhancing a sense of control and personal relevance are likely to be 
effective (see also Goetz et al., 2010). 

Our results also suggest that aside of the main effects of learning 
experiences and task properties, it is also important to investigate 
interaction effects between them. High levels of mastery combined with 
high task challenge were found to be related to increased hope, whereas 
low levels of mastery combined with high task challenge were related to 

decreased enjoyment and increased anxiety, anger, hopelessness, and 
SCR during achievement situations. The results underscore the impor-
tance of paying attention to the relationship between individuals’ skills 
and task demands, implying that tasks should be optimally challenging 
to stimulate positive activating emotions and reduce negative achieve-
ment emotions (see Spinath & Steinmayr, 2008; Vygotski, 1978). In 
turn, a low value of success combined with a high number of errors in 
the task was related to heightened levels of anger and anxiety. The re-
sults suggest that a low rather than a high level of personal relevance 
combined with struggling in the task tend to intensify negative 
achievement emotions. 

Overall, the found within-person associations were generally stron-
ger than those at the between-person level (see also Molenaar et al., 
2004; Voelkle et al., 2014). In other words, situation-specific experi-
ences played a remarkable role in experienced emotions and physio-
logical states even after controlling for the effects of adolescent gender, 
task subject (math vs reading), and learning difficulties. These findings 
suggest that to maximize each students’ learning potential, intervention 
efforts should be targeted at the characteristics of achievement and 
learning situations to help foster positive emotions and reduce negative 
ones. It may be possible to influence students’ experiences and ap-
praisals in achievement situations through curriculum planning, indi-
vidualized instructional support, and stimulating learning 
environments. 
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