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Summary

Recently, emotions have entered the spotlight ohitvg and educational research, as
provocative calls insist (tmmardinoYaNgek Damasid, , t h
2007, p. 3)and thus claiming a central function of emotions for learrang instruction.

While the instrumentality of emotions for learning is indeed being increasingly acknowledged
(Beaty, Benedek, Silvia, & Schacter ,affetR 016 ;
2011; Pekrun, 2016; Ranellucci, Hall, & Goetz, 2015)t he compl exi ty of e
process of reasoning, learning and cognitive development remains poorly understood. The
controlvalue theory of achievement emotiof@VT; Pekrun, 2006Pekrun & Perry, 2014)
presents a comprehensive theoretic frame explicating the instrumental properties of emotions
for studentsdé | ear ni raggnititeenadd npte/atibnafunctiams acee . S e
posited to be responsible for emotion effects, untli n g studentsé cogn
motivation, strategy use, and regulation of learning (Pekrun, 2006). These mediational
mechanisms constitute that student learning is a complex interaction between emotional
experiences and cognitive, motivational amthdvioral factors that, taken together, determine
learning progress and achievement outcorfi@snenbrink & Pintrich, 2000) While this
cognitivemotivational modeldllows the principle of functional universality, anottoentral
assumption in the CVT framewonostulatesthat emotional experiences in achievement
related settings ar e 0c ohetsimational saturesof learnng 0 ,
processesiot only acrossbut also within a domain (e.g., mathematid®da s ed on CV1
postulationsand employing a variety of different methodological approactiesfunctioral
mechanism®f emotionsfor adaptive learning imathematicsvere investigatedelative to
momentarily emotional experiences (studyvlith respecto emotions arising when working

on a complex mathematical task (study 2), encelation torecurring emotional experiences

during learning and classroom activities imthematics generally (gdy 3). Thus, # three
studiespresented hereielucidatethe mediational mechanisms of emotions, as formulated by

the cognitivemotivational model as part o€VT, in order to investigate the functional
mechanismsall i f f e r e n temgtions duringearairigia mhaihematics

The first study investigated the effects of emotions experimentally in order to determine
their impact on thinking in mathematics. Empirical evidence from neuroscience and cognitive
psychology indicatethat positive affective ates broaden, whereas negative affective states
narrow our cognition. This suggests that emotions can trigger qualitatively different cognitive

processes, which can both be functional for thinking, if adaptive to the cognitive task. The
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findings revealed hat the experimental emotion induction procedure evoked intense
emotional experiences of excitement and anxiety across the experimental emotion groups.
These activating emotional states did outperform the deactivating control groups on both
mathematical tks. Further, it was found that enjoyment and anxiety differentially
complemented cognitive mechanismwith enjoyment supporting the generation of
mathematicaideas, whereas anxiety help to better identify fais¢hematicaideas.

This second study emr@ned the function of naturally occurring emotions in their
interaction with a complex cognitive mathematical task. Findings revealed that students
experience a broad range of different epistemic emotions, such as curiosity, enjoyment,
frustration, and ba@&dom while engaging in and reasoning abauhathematical problem.
Structural equation modellindound that both, control and value appraisals, served as
important antecedents of curiosity, enjoyment, surprise, confusion and boredom experienced
during thetask. In addition, curiosity, enjoyment, frustration and boredom were found to
relate to intrinsic motivation and attention as well as task performance. Indirect effects offer
support for the postulated functional properties of epistemic emotions astedggeSVT, as
epistemic emotions mediated relations between appraisals and intrinsic motivation and
attention, as well as intrinsic motivation and attention mediated relations between enjoyment
and task performance.

The third study examined the developita trajectories of learningelated emotions
and investigated the reciprocal relations between achievement emotions and class
participation over one school year. Findirsiwedthat enjoyment of learning is not only an
important predictor but also antoome of cognitive and behavioral learning in classroom
activities and instructions in mathematics. Specifically, structural equation modeling indicated
that enjoyment reported near the beginning of the school year positively predicted class
participationat the end of the year, and that this relation was mediated by the use of learning
strategies in the middle of the school year. Additionally, class participation at the beginning of
the year positively predicted enjoyment, and negatively predicted boreddhe end of the
year, and these relations were also mediated by cognitive strategigsdepdhe middle of
the year.

The overall findings from thse threestudies provide further evidence for the central
assertion of the instrumentality of emotiofts learning (Pekrun, 2006; Pekrun & Perry,
2014); specifically that emotions effect and interlink with cognitive, motivational and
behavioral processes which together determine complex thinking, learning, achievement and

academic development. Most impartly, however, the findings accumulated empirical
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evidence for these mechanisitas function beyondthe situational specificityof emotional
experiencesindicating that emotions do not only influence cogn#ivetivational processes
momenispecifically but that their effects carry over to determine habituated learning
experiences as well. Here, the most fundamental principle in the CVT concerning emotion
effects, as outlined bymediational principlesthus supports the principle of general
universality

Therefore emotions do rightfully deserve further empirical attentiespecially so in
light of the increasing scientific as well as educational interest of functional properties of

emotiongthat can informeducational practice.



1 General Introduction

In the academic context, emotions are recognized as one integral compdeamiofy
by initiating, steering, changing or halting processes that constitute learning progress,
performance and | ear@pé&tdt Ppyryddo&koGurcmaeér gr 2
Pekrun & LinnenbrinkGarcia, 2014) For example, findings point in the direction that
positive emotions, like enjoyment of learning, open the minddative problem solvingnd
lay the groundwork for students to actively monitor and control their leai(firegller &
Beier, 2014; Fredrickson, 2001; Linnenbrink & Pintrich, 2004; Pekrun, Goetz, Titz, & Perry,
2002a) Negative emotions, such aenfusion and frustratigmay be functionalor a learner
by signaling a blocked goal, thereby motivatittgchange the course of action pursuing
these same goals Ar t i n o, 20009; D6 Mel |l o, Lehman, Pel
2015) Problematically, such adaptive functions, however, may not always be beneficial for
learning and can contribute maladaptive learning behavidigard & Ackerman, 2000)For
examplejfenjoymentt s i nt er pr et ed i itmaypronipialearneritodearwe | | «
back and refrain from investing any moré&oeff in the learning endeav@d. Gruber, Mauss, &
Tamir, 2011; N. Schwarz, 1990; N. Schw&ZzClore, 1996) Similarly, negative emotions,
like excessiveanxiety orfrustrationmay impair engagemerand may not only prompt to
6gi ve up éommiustudertdo elnop out of schooand impact negatively on their
psychological and physicaVell-being (Pekrun, Goetz, Daniels, Stupnisky, & Perry, 2010;
Tze, Daniels, & Klassen, 2016; Zeidner, 2014)

The controlvalue theory ofachievement emotion@CVT; Pekrun, 2006; Pekrun &
Perry, 2014)provides anintegrative theoretic frame allowing to systematically investigate
functional properties of positive and negative emotions with respect to theiivadaptwvell
as maladaptive effects on learniagd achievement. More specifically, the theory takes a
60situatedd perspective by describing the f
respective contexts. In contrast to the perspective of enso@s evolutionary programs
(Cosmides & Tooby, 2000(e.g., curiosity as encouraging exploration or fear for ensuring
withdrawal in light of danger), academic or achievenretdted situations are more complex
in that specificemotionreffectson learning must be investigated relativethesociocultural
contextsin which they occufPekrun, 2006; Pekrun & Perry, 201%hat is, while the basic
structures and causal mechanisms describing the effects of emotions should generalize across
achievement settingse. the proposed cognitivaotivationalmodel as part of CVT)such a

O0si tuat ed oof apaslemicenmtionsiisvcetical to better account forcontextual
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variation that activate specific control andgalue appraisals forming specific emotional
experienceand thus consequences for learnihgC. Turner & Trucano, 2014)

The present dissertation seeks to investigate functions of discrete emotions for learning
in6 s i t achiéventkei@ contexts relative to their adaptive and maladaptive mechahesms
operate during anfbrm on-going learning endeavo(®ekrun, 2016; Pekrun & Linnenbrink
Garcia, 2014) The first study (chapter 2) investigates the cognitive mechanisms that
accompany and are automatically elicited by intense emotional experiénaastangle these
reciprocal mechanisms, an experimental design aimed totbladdifferent discrete emotions
induce differential cognitiveprocesseghat might each be adaptive for performanide
contingent upon the cognitive processes required btagk¢Baumann & Kuhl, 2005; Fiedler
& Beier, 2014) While empirical studies have systematically addressed the effects of discrete
emotions on several mechanisms that operate during information procgsgingnode of
attention, cognitive control mechanisms, access to semantic memory, retreeiadd
forgetting, etc.; Bdk, Goschke, & Kuhl, 2003; Goschke & Bolte, 2014; Kuhbandner, Bauml,

& Stiedl, 2009; Wegbreit, Franconeri, & Beeman, 2018y study has systematically
considered these processes, as affected by emotions, and investigated how they might be
adaptive for pdormance. The CVT provided an important theoretic frame helping to
systematize recent empirical findings of emotion effects and to arrive at specific hypotheses,
describing how emotions modulate cognitions in a specific moment.

The second study (chapt&) situates emotions taslpecifically and examine#
emotions that arise in interaction of dealing with a complex cognitive teak,be assigneal
knowledge generatinfy an epistemici role during complex problem solvinglowever,this
group of naturlly arising epistemic emotions has only recently attracted empirical attention
(D6Mel |l o & Graesser, 201 2; Mei er , 2014, Mu |
Sinatra, 2016and therefor&eomprehensive frameworks for investigg these emotions are
only starting to be developed. The integrative frame of the CVT, howellexys for
incorporaing this group of epistemic emotions and, as will be outlined below, makes specific
assumptions of the instrumentality thieseemotionsfor learningprocesses operating during
taskspecific performance.

Finally, the third study (chapter 4) situated emotions at the -tdae$ and investigates
how achievement emotions develop in the context of learningiratcuction over timeln
this pracess, reciprocal links of emotions with learning might be of particular importance and
constitute emotions not only as important predictors but also as outcomes of learning,

respectively. Problematically, fullgrticulated models that integrate emotionsnagrumental
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components of sellegulated learning are still lacking, despite the critical importance of
describing how these mechanisms enhance each other and develop o Bogkeerts &
Pekrun, 2015; B. J. Zimmerman, 2000he basic proposition of satihhancing feedback
loops, as part of the CVT, all®to systematically describe how emotions influence leadners
abilities to regulate their own achievement striving and learning progress.

Prior to situating the present set of studies in the achievement context of mathematics
and formulating specific aims and research questions respectively, the following sections
outl ine basic propositions of t he CVTs b
importance of conceptualizing emotions as discrete constructs will be discussed relative to
their specific functions for learning. Second, theoretical and methodolaginalderations
are summarized with respect to investigating emotions cespedifically in order to arrive

at the overarching framework (summarized ablel.2) of the present dissertation.

1.1 Situational Specifiaty of Emotions in Academic Settings: Components,

Consequences anontexts

1.1.1 Component Structure of Discrete Emotions

Academic emotions specificallyescribest u d eembtisnd tieddirectly to academic
learning achievementactivities and outcomes there{e.g, in mathematics)(Pekrun &
Stephens, 2012)Academic achievementypically entail evaluations of performance based
on some competendeased standard of excellen@&ekrun & Perry, 2014)Therefore CVT
describes academic emotioas the outcome of consciously or subconsciously activated
personalevaluativecognitions or appraisals during learning, that emerge relative to the self
(and/ or others; i.ebased on control and value appraisals) thedspecifidearning situations
(Pekrun, 2006; Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 20kiu& Perry, 2014)

Therefore, one ofte most | mpodtpnindsptesatigithe
are generated by persenvironment relations that are specific to time and circumstance.
Based on suchituationspecificappraisal mechanismmeomponent system theori€Scherer,
1982, 2005; Shuman & Scherer, 201dgfine emotions as multiomponent entities
comprising and coordinating psychological subsystef@esond the cognitive component
(i.e, made up from appraisal mechanisms), additionally affective, motivational, expressive,
and peripheral physiological processamtribute to an emotionalpesode (Kleinginna &
Kleinginna, 1981; Pekrun, 2006; Pekrun et al.,, 2011; Scherer, .2088%e interrelated
components can be exemplified by the emoticgerience of ager, which is typically
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coupled with fury (e.g., change in the subjecti experiencg outrage (e.g., cognitive
processing and evaluatigpnmpulses tapproach the cause of the emot{erg., motivational

action tendencies), an increase in heart rate and blood pressure (e.g., characteristic body
changes) and can be accompganiby certain facial and vocal expression (e.g., to
communicate a reaction as well as the behavioral intention). In line with this example, it is
important to notehat these components do not function independently but instead are closely
interrelated andgynchronizedPekrun, 2016)Hence, all components regulate each other and
together describe the quality of an emotional experience or ep{Satierer, 2004, 2009)

These cognitivenotivationatbehavioral facets of emotions are critical for digrning
emotional functionsAccordingly, the respective impulses agmotiorcomponerg will be

more closely examinedh the three herein presented empirical studéesstheyare further

posited to influence more complex achievernedited cognitions, motivations and behaviors

(e.g, information pocessing, motivation and volition, sefgulation), and ultimately effect
achievement outcomeB sum component definitions of discrete emotions acknowledge a
6fluid principl e o(@Bandum,clb78,rl68&mal desdribd aognithie,n i s m
motivational and behavioral processes not only as an integral part of an emotional episode,
but thatthese components in tuoonstitute the effects of emotions respectisie study 1,

chapter 2).

1.1.2 Consequencesf Academic Emotionsfor Learning

The basic funt i ons of emotions have broadly b
capacity to motivate actions, to organize perception and cognitions, and to activate behaviors
for coping, in order to preserve and restore psychological as well as physiologiebéingll
(for such a functionalist perspective see lzard & Ackerman, 20B0usdul model,
explicating the instrument al properties of
the cognitivemotivational explanation of the mechanisms initiated by emotions, as part of the
CVT framework(Pekrun, 2006; Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011; Pekrun &
Perry, 2014)Several mediating mechanisms are gakio be responsible for emotieffects,
including students6 cognitive resources, m
(Pekrun, 2006). These mediational mechanisms constitute that student learning is a complex
interaction between learningelated emotions and motivational, cognitive and behavioral
factors that, taken together, determine learning progress and achievement outcomes

(Linnenbrink & Pintrich, B00) By grouping discrete emotions, with respect to their
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underlying dimensiortsthe effects on learning can be determined. According to the CVT, the
minimally required categorization should occur based on levels of valence and &seesal
Figure 1.1) in orderto determine effects of emotions for learnifitne model assumes that
emotions effect learning and achievement through several mediating mechanisms: (1) by
facilitating different modes of information pragging, (2) by steering cognitive resources, (3)
interest and the motivation to achieve as well as (4jreglilation as influenced by learning

strategies and learning related behaviors.

Information Processing
* Regulation of attention

Positive Emotions (Global/local mode)
Activating » Cognitive control
(e.g. Enjoyment) = Activation in long-term
memory

Deactivating .
(e.g. Relief) Cognitive Resources

*  Working memory capacity )
Learning,

Performance

Motivation/Volition .
and Achievement

» Situational interest

Negative Emotions  Intrinsic/extrinsic
Activating achievement motivation
(e.g. Anger)

Deactivating Self-regulation
(e.g. Boredom) * Learning strategies

(cognitive, metacognitive
and behavioral)
* Internal/external regulation 1

Figure 1.1: Adapted model for the effects of emotions on cognitive, motivational and
behavoral mechanisms during learni@®ekrun, 2006; Pekrun & Perry, 2014)

Empirical findings concerning information processing have found puasitive
activating states (e.,gwhen feeling excited) promote a global focus of attentiedrickson
& Branigan, 2005; Gasper & Clore, 2002; K. J. Johnson, Waugh, & Fredrickson, 20itDa)
stimulate the right temporal cortex helping to accessemiemotely associated items in

memory(Bolte et al., 2003; Goschke & Bolte, 201M)egativeactivating states (e.,gwhen

! As a framework for defining emotions, the CVT is grounded in the notion that every academic emotion can be
classified accordingp their valence, their activating naturegithobject focus (see Pekrun and Stephens (2012)

for a differentiation of specific groups of academic emotions, namely incidental emotions, achievement
emotions, epistemic emotions, social emotions, and topic emotions), their duration and intensitye@ escri

states or traits), the reference as focused relative to oneself or another agent, as well as their situational
specificity. These dimensions together describe a categorizing taxonomy of academic emotions that is
instrumental for explaining the funehs of emotions in the process of learning and subsequent achievement.
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feeling anxious), on the other hand, tune bottgmtognitive contro(Bishop, Duncan, Brett,

& Lawrence, 2004; van Steenbergen, Band, & Hommel, 2djvate only immediately
relevant informatiorin memoryand thusprovide stable maintenance of acti@@oschke &
Bolte, 2014) To more closely investigate if these mechanism translate into performance
effects, study 1 was designed to examine how emotions differentially impact the quality of
cognitive performancéFiedler & Beier, 2014)

Further, emotions have been found to influence cognitive resources and the motivation
to achieve. Specifically, emotions arising from a cognitive task (i.e., when the object focus is
directed on learning)which will be the critical focus of study 2 (chap8)i have been found
to direct attention towards the tasks, whereas emotions experienced unrelated to a cognitive
task (i.e., when the object focus is directed at an external event) reduce cognitive resources for
learning as consumed by the external &iggf the emotior{Pekrun & Perry, 2014)These
emotions ha& been found to eligitsustain, or reduce academic motivation and related
volitional processesPositive activéing emotions such as enjoyment learning were
consistently found to enhance academic motivation, whereas deactivating emotions (e.g.,
hopelesness or boredonigad to uniformly lower total motivation to lea(®Pekrun et al.,

2010, 2002a; Titz, 2001; Tze et al., 201@)terestingly, effets of negative activating
emotions seem to be more ambivalent. Shame, for example, may exert a strong motivational
force in order to avoid failer(J. E. Turner & Schallert, 20015imilarly, other negative
activating emotions, such as anxiety or angeay rimduce strongextrinsically motivated
processes in order to cope with a negative event {ailgre feedbackjBandura& Cervone,

1983; Pekrun et al., 2002apifferential effects have also been reported fasipve
deactivating emotions (e,gelief or relaxation) While they maydisband ayp immediate
motivation to continue academic worthey may have lonterm motvational benefits for
engagementPekrun, 2011)

Last theempiricallink betweenst d e nt s 6 e moregulateddearainyvdl bes e | f
addressedh study 3 (chapter 4)T'he few findings available to date indicate tkajoyment
relates positively to elaboration and selgulated learnindChatzistamatiou, Dermitzaki,
Efklides, & Leondari, 2015a; Ranellucci et al., 2Q1%hereas anxiety negatiyepredict
metacognitive regulatory strategie@hmed, van der Werf, Kuyper, & Minnaert, 2013;
Mega, Ronconi, & De Beni, 2014; Villavicencio & Bernardo, 20B3) contrast, degivating
emotions such as boredom, were found to undermine any strategic effketstime
managementlaboration and setegulated learningPekrun et al., 2010, 2002a; Ranellucci
et al., 2015)
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Notably, the overall effects of emotions on achievement are inevitably complex, and
more research is clearly needed to systematicallgnthsgle the impact of different
emotional categories on cognitive, motivational and behavioral processes during learning.
One critical component that might help extricate these mechanisms more specifically is the

situated context in which learning ocs@). C. Turner & Trucano, 2014)

1.1.3Contextual Specificity: Domain Specific and Domain General Conceptions of
Academic Emotions

A proposition at the core of the CM3 that emotional experiencedsiring learningare
considered to beonext sensitive( Go et z , Frenzel, Pekrun, &
Turner, 2006; J. C. Turner & Trucano, 201Agcordingly, CVT suggests to differentiate
levels of granularityf a context along a hierarchical organization of an emotional experience
(Goetz, Hall, Frenzel, & Pekrun, 2006; Pekrun et al., 20Tkh)s means that all academic
emot i onsdifferentit ebde aiccor ding to the generalit
(Goetz, Hall, et al.,, 2006, p. 32%ee Table 1.1, Figure 1.1). The highest level of the
hierarchy is the most general level (Jedblel.1.; L4), forexample, describing the situational
or dispositional emotional experience while thingk about school or academia in general
(e.g., the level of the educational institution). Next, emotional experiences may further be
distinguished with respect to more specific situations within an educational setting, such as
specific academic domains de. such as mathematics classes or seminars (see study 3,
chapter 4)). One level further down, more specific areas within a given subdomain (e.g., in
mathematics: geometry, algebra, or statistics) may be prone to different emotional
experiences. At this\el, it is not just important to consider the given subdomain but also the
specific setting which it refers to (e.g., during specific tasks, homework, tests, or classroom
activities; see study 2, chapter @ekrun et al., 2011)The lowest and most specific level
refers to a particular momentary emotioeaperience in the individual mind relative to a
specific situation within an acad@&rcontext(see study 1, chapter @poetz, Frenzel, et al.,
2006; Goetz, Hall, et al., 2006; Nett, Goetz, & Hall, 2011; Pekrun et al.,.2011)
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This classificatioh highlights thatspecific learningsituatiors are always grounded in a
broader sociakontext in whichknowledge and beliefare formed and sharedCobb &
Bower s, 1999, Opo6t . Effmde e&kampteer st 2@866) so
specific situation duringmathematical learning (e,ca specificcomplex task) are not only
influenced by the immediate class context (élge mathematics classroom), but also by all
previous mathematics classes and activities, home culturesh@ligfs about mathematics
held by parents), and the ideas about mathematics and learning generally held in the broader
sociccultural society (i.e. school system, ministry of educatiof@oetz, Hall, et al., 2006;
Goetz, Zirngibl, Pekrun, & Hall, 2003; Opot

Studies directly examining the situational specificity assumption have not only
demonstrated that the experience of acadeemotions is clearly organized in domain
specific ways (e.g.as indicated byveak correlations of mean level emotional experiences
across mathematics, and languages such as Latin, English and Gébwoeiz) et al., 2014;

Goetz, Frenzel, et al., 2006)utevenmore importantlysuggesthathierarchical gradations
within an academic domain must also be differentiabéare specificallyempirical findings
indicate that predominantly tegown mechanisms determine emotional reactiorspaific
situationswithin an academic domaifDinkelmann & Buff, 2016; Goetz, Hall, et al., 2006;
Marsh & Yeung, 1998)In other words, more general emotionalesoas formed at higher
levels within the hierarchy predispose students to respogpgetcific learning situations with
specific emotional patterr{§&oetz, Hall, et al., 2006; Pekrun & Schutz, 20@¢ditionally, it
has also been suggested ttia causal flow mighalso involve generalization (botteap
processes) through which the perceived sum of emotional experiences at lower levels
influences more general emotional reactid@oetz, Hall, et al., 2006)Here, empirical
findings are however scarce. Taking a different approach, H&084) discussed

relationships of such hierarchies, in light of the academiecsalfept, and suggested that it

2 Critically, the hierarchical levels aiming to describe the amplitude of emotional experiences must not be
equated with the stateait conception of emotion@ekrun & Biihner, 2014; Spielberger, 1972)ate emotions

are moment ariimey wrccamreaxdinces and describe transient
(Eid, Schneider, & Schwenkmezger, 1998bnseqgantly, state emotions are by definition momspécific and

have been described to be more strongly influenced by contextual va(tailes al., 1999)Trait conceptions

of emotions, on the other hand, may eithesder i be i ndi vidual sd tendencies t
moods or emotions across contexts (e.g. general tendency to be afixiduslark, Watson, & Mineka, 1994;

Titz, 2001) or refer to habituated emotional experiences within specific contexts (e.g. test anxiety; being anxious
of mathematics classes) (Goetz, Hall, Frenzel, & Pekrun, 2@36a consequenceither trait concgtion of
emotional experiences will, over time, describe relatively stable dispositional tendencies that reinforce
themselves with respect to the frequency and the intensity of the experience of the corresponding state emotions
(Bieg, 2013) As a consequence, it is crucial to carefully differentiate trait conceptions of emotions relative to the
specific academic context they refer to.
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might not be either bottomp nor top dowreffects, but insteag@mphasizedhe processes
operating at each level of learningght be responsible fantertwiningthe hierarchical levels
respectively. This is certainly a sugties worthwhile considering for investigating
functional properties of emotions for learning, especially in light of the interaction with
cognitive, motivational and behavioral processes that together determine learning progress
and achievement (for a madetaled discussion see chapter 5).

In sum distinctiors between domain general and domain specific conceptdns
learning situationsare taracterized by differenfunctions and sootcultural structures,
implying that emotions arising within or relaginto these contextsay differ and most
importantly, must be distinguished accordingly in empirical resg&ekrun et al., 2002a)

Tablel.1: Multi-level model of the experience of enjoyment in the academic context

Level Contextual specificity Level of Learning Emotional Experience
Context specific School/University Enjoyment of schal
L4 (e.g. educational (Ain gener a
institution)

Domain specific (e.g. Academic subdomai Enjoyment of mathematic:
L3 educational setting) (mathematics) (Ain gener
classroon

Situation specific  Task, problem (in the  Enjoyment of the task

L2 (e.g. individual context of homewdx, (Arel ati ve
| étudent) exams, or instruction
L1 Moment specific Decision making, Enjoyment in the momenti
(e.g. individual mind) thinking

Note Adapted from multievels models describing a hierarchy of academic emof®astz, Hall, et al., 200¢
Goetz et al., 2003; Pekrun & Schutz, 200[Z) represents the lowest and L4 represents the highest le
generalization of enjoyment experienced in the academic context.

1.2 Situational Specificity of Emotions in Empirical Research Theoretical

and Methodological Considerations

I n order to measure studentsd subjective

most often rely on selfeports(Pekrun & LinnenbrinkGarcia, 2014)It has been argued that
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selffr eports are appropriate t ool s theughts andt IS
behavior but on@ percepti on (Godz ettah 2003, p.e22)Additiogaby,
observers might misinterpret facial expressions, body language and posture as well as
physiological datgSkinner, Kindermann, & Furrer, 2008ndeed, to datesubjective self

reports are still the only available method to assess the content of the subjective experience
(i .e., 0 tomponeit efedn iemagigiQuigley, Lindquist, & Barrett, 2014)An
additional advantage is that sedfports are not limited to measuring emotions but can provide
insight into other factors determining learning such as cognitive, motivational aadidrah
variables (Pekrun & Bihner, 2014)Problematically, more often than not, emotions are
investigated through the use of general-sgfiorts only (e.g., indicating trait emotions) and

fail to situate the seilfeported ratings in specific contexiisfklides & Volet, 2005; J. C.
Turner & Trucano, 2014)For advancing understanding of the functions of emotions at
differentspecificitylevels of learningit is important to addibnally investigate momentary or
activity specific emotional episodesithin specific learning context§Goetz, Hall, et al.,

2006; e.gTulis & Fulmer, 2013)

1.2.1 Selfreporting Situation Specific versusGeneral Emotional Experiences

To better qualify the emotional experiences reported in respect to different levels of
generality and specificity during learning, tbeccessibility model of raotional selfreport
(Robinson & Clore, 20025uggests that different memory systems operate when students
report emotions from different hierarchical levels. Broadly speaking, the model assumes that
emotions reported at more general levels require absolute frequencgtiestsderived from
averaging particular emotional episodes over a specified time f(Rwoleinson & Clore,

2002) Since this is a difficult cognitive estimation to make, the authors describe that students
may abandon such efforts and instead derive the requeradtional information from
semantic memory. This, however, entails that mernelgted biases (e,goeliefs about the
mathematics classroom) and more general heur{gtigsof mathematics competence or prior
performance)will shape the reported emotion responseheartthan episodic details from
specific learning situationfRobinson & Clore, 2002; N. Schwarz, 1994, 1999; Tversky &
Kahneman, 1973)The closer assessmentsgktremotion ratings in specific situations (the
most specific is the experience in the mom
will overwhelm prior beliefs (Robinson & Clor2p02).

Aligning this model with the hierarchical levels of emotiogpécificity and generality

(seeTable 1.2), it suggests that students might refer to different knowlestigeceswhen
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reporting their emotions concerning different levels (e.g., thus accentuating qualitative
differences of emotion ratings as reported relative to experiences during a mathematics tasks
versus mathematics classes in general). Relative to moment specific emotional experiences, as
investigated in study 1 (sdablel.2; L1), themodel proposes that students should be able to
directly access experiential information qualifying the subjective experience given
moment. Importantly, experiential knowledgenwre differentiated when assessedlined
andharderto accesgetrospectively(Robinson & Clore, 2002)Problematically, it has been
suggested that reporting about experiences of concurrent emotions may predominantly change
how someone is feelin@uigley et al., 2014; J. C. Turner & Trucano, 2Q1)essence, the
act of reporting an emotion withake the subjective feeling component salient ananigist
unintentionally interfere withor interrupt accompanying components (e.cappraisal
processs)(J. C. Turner & Trucano, 2014As the consequence directing attention to the
emotional components the learnemay not onlydissolveanemotional episode but also the
respectiveemotioneffects (personal communicatiowith Prof. Dr. Christof Kuhbandner on
June 1st, 2015; Quigley et al., 2014judy 1 refrained from having students report these
momenispecific experiences.

This issue, however, stresses advantages of retrospective reports as employed in study 2
and 3,while additionally allowing for an estimate of the ovegthotional experience during
a certain task or during class in genddalC. Turner & Trucano, 2014Here,however,it is
important to consider that memory for contextuahde (as contained in episodic memories)
fades quickly andwith elapsing time, becomes inaccess{ilebinson & Clore, 2002) et, it
has been shown that students are able to report which specific emotion was experienced
relatively moreintenselythan othersfor examplein respect to reporting if one was more
frustrated than bored during a task. This was the most essential methodological consideration
for conductingstudy 2 (chapter J}Schimmack, 2003)Iin fact, intense emotional experiences
are more salient in memory and can be repgi$esllon, Prieto, & Diener, 20033eeTable
1.2 L2). The broadecrl usnd  emortehefiteimmd i on asse
seeTablel.2; L3), the morewill students tend to adapt estimations aodsequently deviate
to reporton knowledge derived from semantic memory (containing beliefs). Generally, it is
important to note that arself report measure (as assessed onlingeorg more general) is
subjectto a number of measurement problems such as social desirability, coprases and
cultural normgPekrun & Buhner, 2014; N. Schwarz, 1999; Scollon et al., 2003)
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1.2.2 Functionally different Emotions: States andT raits.

Over the years, typically weak moderataelations between trait and state measures
have been observd@ieg, Goetz, & Lipnevich, 2014; Roos et al., 2015h\®8artz, Neale,
Marco, Shiffman, & Stone, 1999)The accessibility model provides one approach for
explaining the discrepancy iassociationdetween state and trait assessments of emotions
(Bieg et al., 2014; Roos et al., 2015; Wilson & Gilbert, 2008hile it has been questioned
whether trait emotions refleactualemotions (i.e.due to the strong influence of and overlap
with beliefs in the emotion ratinggiRoos et al., 2015)t might be more expedient to contrast
the respective functional relevance of state and trait emotions and thereby reveal differential
functions and research objectives for each conception of em@amilon etal., 2003) For
example, individual emotional experiencés siturovide a more fingrained, detailed
picture of emotional experiences and can better account for dynamic mechéresnibe
automatic pull of changes in other components of an emaotexperiencepf emotions in a
specific situation(Nett et al., 2011; Scollon et al., 2003jence,study 1 investigatestate
emotions assessed in a specific contaxbrder tobetter account for situational factors of
learning mechanismand adaptivebehaviors( D6 Me | | o et al ., 2014;
Murayama, & Elliot, 2016; Muis, Psaradellis, Lajoie, Di Le%w,Chevrier, 2015) More
generalselfreportassessments of emotions can cover longer time franmssng them better
trait indicators, as opposed to aggregates of mosmatific emotios reports (such as
experience samplingsee Bieg, Goetz & Lipnevich, 2014Zelenski & Larsen, 2000)
Accordingly, this betweeperson level allows to examinthe longterm structure of
emotional experiencgg.g. Diener, Emmongarsen, & Griffin, 1985)as employed in study
3 (chapter 4)In that respect, empirical studies found that trait measures of emotions have
predictive value in deterining general future behavi@dsee & Hastie, 2006; Levine, Lench,

& Safer, 2009; Wirtz, Kruger, Scollon, & Diener, 2003herefore, trait emotions might be
critical for investigating studentgeneral leanmg behaviors andutcomes, for examplgelf
regulatory abilities ordetermining future choices, such as taking a mathematics course or
pursuing a career requiring mathematical knowled@@eown, Brown, & Bibby, 2008;
Chipman, Krantz, & Silver, 1992; e.g. Kyttala & Bjorn, 2010n a concluding note, relative

to the statdrait controversy, it has been suggested that state and trait measures are each
predictive of different behaviors and learning outcomes in their own (®gtiwartz et al.,

1999)
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In sum, the differentgrain sizeé of the methodological approaches employed in this
dissertation allow for investigating emotions determinediifferent time frames andVels
of specificity. Therefore all studies andesearch questionsresented herein reféo these
different levelsin order toicontri bute i n a mut uahdnporecons

thoroughlyunderstanding the function of emotions during learig@agldin, 2014, p. 396)

1.2.3 Aligning the Construct of Emotions with Cognitive, Motivational and Behavioral
Variables.

With respect to investigating the effects of emotions assessed at different hoadarchi
levels of learning, it is important to note that motivational, cognitive and behavioral processes
play an important role during learning at each lefaituativity. Closely investigating these
processes helps to better describe, for example, howiammomodulate perception and
information processing or regulate action and learning behairts Melton, McDondd, &
Harackiewicz, 1996)Consequently, when analyzing relations with, or effects of emotions on,
cognitive, motivational or behavioral variables, it is important to equate the level of
generalization for each construct asseg&ahdura, 1986, 1997; Goetz, Hall, et al., 2006)
Bandura (1986; 1997) described this fAmatch
power of a measure dependn the match between the specificity of a predictor and that of a
criterion variable. This suggests that variables measured at a more general level (e.g., general
mathematics anxiety) will be most strongly related to general outcomes (e.g., general
mathenatics achievement). Conversely, more specific predictor variables (e.g., being anxious
towards a specific task) will have more explicatory power in accounting for the variance
related to a corresponding outcome (e.g., performance on the respectisgaskdng, 2001
for motivation; Goetz, Hall, et al., 2006; see Marsh & Yeung, 1996 forceelfept)
Critically, this alignment of constrte should not only be relevant for the relation between
emotions and performance (or achievement) measures, but should also be important for
investigating cognitive, motivational and behavioral mechanisms thatiical in discerning
the processes thaperate during learnin@oetz et al., @03; Pekrun, 200§seeTable1.2).

In that respect, it might be reasonable to speculate that reporting on cognitive
motivational and behavioral processes thyadrate during learning may be prone to the same
Afacessibility pri nrepops{Rebsson & Glorege20@2)Thatois) taken s e | f
the example of the cognitive processes that accompany an emotional experience in a given
mo ment , componenti al theoristsdéd of emoti ons:s

but instead are rather automatically elicited and prone to change and dissolve immediately
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with altered appraisal constellatig@8human & Scherer, 2014lere, empirical findings have

shown that momentarily experienced emotions might influence the breaths of visual attention,
the ability to process peripheral informationyaa| as the inhibition or spread of associations

in semantic memor{K. J. Johnson et al., 2010a; Row#ish, & Anderson, 2007; Wegbreit

et al., 2015) Therefore,study 1 investigates thegwocessesvhich may be elicited by
emotional experienceevenoutside of our conscious contr@nd takes into account that

these subjective experiences aspeciallymomentsensitive (sedable 1.2; L1). However,

the cognitive processes operating while a learner solves a complex mathematical task, may
rely more on and may be mor e pr deareer notwingt he |
onesd® thoughts drifting off and steering a
t hat at this 6level d cognition and moti vat
closely examined in study 2, but also that these itwgrmotivational actions may be
accessible as o6écontextual detail sd6 relatiywv
reported immediately after atask (S&blel.2; L2) . The | ast ddrdssedrel 6,
in this dissertation in study 3, is classrespecific and concerns learning activities and
instructions in mathematics classes (Jedle 1.2; L3). T dssumes that eartaii 6
learning behaviors dbecome habituated over time and therefore lends itself to understand
how emotional experiences, felt over and over again, link with cognitive and behavioral

learning that perpetuate in semantic memory.
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1.3 Previous Research on Emotions in Mathematics

Invesigating the functions of emotions for learning in mathematics is especially
intriguing since mathemaatthinkingi s t ypi cally conceived as
andnore mot i ve ar eBlancooGuerrere Eaballera) Brigido, & Mellado, 2010, p.

266). Today, it is not only widelyacepted that cognitive and emotional processes together
modulates u ¢ h réasaninglLdzarus, 1984; Zajonc, 1988yt that in fact, mathematical
thinking is a highly emotionbl-charged endeavd@6oldin, 2014; Hannula, 2012)

Generally research investigating the influence of affective variables on mathematics
learning and teaching hasainly focused onbroader affective constructs such astudes,
beliefs and values wards mathematic@DeBellis & Goldin, 2006a; Fennema & Sherman,
1976; McLeod, 1989, 1992Additionally, mathematics anxiety is likely one of the most
thoroughly researched topics in the emotion literagBeglock & Willingham, 2014; Dowker,

Sarkar, & Looi, 2016; Wigfield & Meece, 1988; Zeidner, 2QX8pecially with regard to the
influence on performance and respective reciprocal func{@asey, Hill, Devine, & Szlcs,
2015; Hembree, 199Ma, 1999)

Despite this evident progress the notion that affective variables are critical for
mathematics learning, more fageained investigations of emotign®r example as they
occur in academic settings of mathematics learning and instructiambeen slow to emerge
so far In this respect, an important turning point were twww historici articles (Mc Leod,

1989; Schoenefeld, 1985) describing not only the cognitive processes during mathematical
problem solving but also linking affectivendénsions to cognitions in mathematical activities.
Since then, a host of qualitative studievéhaxaminedst ud e nt s 6 offeiational u at i
experiences while solving mathematical problédismed, van der Werf, linnaert, 2010;
GomezChac - n, 2000; Hannul a, 2002, 2012;. Opot
DeBellis and Goldin(2006) for example described affective pathways during problem
solving in an attempt to bettaccount forarising sequences emotions ando point outhow

they interact with cognitive representations during problem solving. Similagyt, Eynde

and colleague¢ Op 6t Eypdeocet2@0d07; Opot Egbserved th& Ha n
students experience different emotions while solving a problem and ascribed functional
properties inherent ttheseemotions, such as redirecting behavior or looking for alternative
cognitive strateg®to find a solution to the problem. These descriptions closely mirror what

iS now quantitatively investigated aspistemic emotionsand impasse driven theories
(D6Mel l o & Graesser, 2012; Mui s, amidighlightd e | | i
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the urge to connect emotional experiences to the cognitive, motivational and behavioral
variables duringlearning, as suggested in CVT.

Today, few quantitative studi emathdmaticad i nv
problem solvinge.g. Muis, Psaradellis, et al., 2015; Tornare, Czajkowski, & Pons, 2045)
even less research exists distinguishing other activiéieged to mathematicgpr example,
emotions in specific activitiee(g.,such as test taking, doing homewdds rare examples
see Dettmers et al.,, 2011; Goetz et al., 20P)ssibly, thegap of empirical findings
investigating the functional properties ohetions situated in theathematicxontextso far
may be a failure of interdisciplinary integration of applicable psychological theories
accounting for the emotional, cognitive, motivational and behavioral mechanisms during
learning( e . g . Opot E Y006) é¢-or é&xantple, integratiee ,theories, such as the
CVT which incorporats emotions as part of cognitiveotivational models for learning
would allow for systematic and theoretically grounded emotion investigai@midin, 2014)
To accentu this point a literature searéhfor peerreviewed studies on emotions in
academic contexts aghathematiceexamining or referring tohe controlvalue theory (from
1980 t02016 using the PsycINFO, ERIC and PsyINDEX as aldat) revealed only 22 hits
(seeAppendix Afor Coding Scheme with all studies included). Notably, the most prominent
research question investigated antecedents of academic emotions; with 18 out of the total 22
studies examining control and lua appraisals. Based on this literature search (which is
acknowledged to be a convenience sample only), studies concerning the effects of emotions
on learning in mathematics are scare. Even more so, only a total of six studies, as part of the
pulled samp, have investigated the impact of emotions onrsgjfilation and only two of
those had investigated these learnialgited mechanisms task specifically. In that respect, the
present dissertation aims to extent the research on learning related meclaais®ts out to
investigate the effects of emotions on cognitive, motivational and behavioral learning related
variables during achievement activities in mathematics. Importantly, it seamml to
consider the function of emotions momapecifically, ad to additionally investigate
emotionmechanisms during learning endeavors gsécifically as well as those that are

pursuel over a longer period of time.

% The literature search wamnducted with the EBSCOhost and searched the database Psychinfo, ERIC and
Psychindex for peereviewed articles based on a strategy combining three sets of terms covering (1) emotion*s,
feel *ings, or affect™* (2) matludinggpubbcations SsomdI8adto 2086) Byd c o n-
using the truncation search opoin®dfde olf * G&a,n @aft feeddts*k§
included longer versions of each term (e.g., such as mathematics or mathematical).



Chapterl: General Introduction 18

1.4 Overview of the Present Dissertation

The aim of the present dissertation was to investigate uhetibnal importance of
emotions in thegrocess ofearningin achievement contextin mathematics. Specifically in
light of the aim of investigating functions of emotions relative to different levels of
specificity, the applicability and requirement offerent methodological approaches becomes
apparent. Therefore, a muitiethod approach was employed and empirically investigated
emotions with an experimental (see study 1, in chapter 2), aexpeaiimental (see study 2,
in chapter 3) and a neexperimetal (see study 3, in chapter 4) study design that were either
conducted as laboratory or field studies, in order to account for their respective
complementary advantages. As postulated in CVT, the present dissertation investigated the
modulating function bemotions on information processing, motivation, cognitive resources
and s t u d sali-teguldted learninglmportantly, learningis investigated as a situated
process composed of interactions of emotions with cognitive, motivational and behavioral

varialdes within the academic domain of mathemaic®p 6t Eynde et al . ,

1.4.1 Aims and Research Questions of the Three Studies Presented

The series of studies dhis dissertation ainto investigate the precise mechanisms
through which learning is shaped by emotions. To reach this goal, the first shaghyef 2)
examined momentarily experienced emotions by means of a rigorous experimental
laboratorybased desigrtere, two experimental tasks were created in an attempt to reflect
the mechanisms that have empirically been shown to be modulated by emotions. Therefore,
the experiment thought to address the following research questions (RQ):

RQ1: Does the employed ertion induction method elicit the intended emotional
experiences?

RQ2: Do activating emotions enhance cognitive performance more than
deactivating affective states?

RQ3: Do positive and negativeactivating emotionseffect performance in
differential way®

Turningto naturally experienced emotions duringe&venmorecomplexmathematical
task, the second study (chapter 3) examih@amotions that arise in interaction of dealing
with a mathematicaltask, can be assigned knowledge generating an epistemici role
during complex problem solvind\s guistemicemotions are assumedrnot only be a natural

part of, but alsdo be critically important for steering cognitive and motivational mechanisms
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during complex learningStudy 2 examined these mechanismgointly determining task
performance. The main research questions were:

RQ4: Do students experience epistemic emotions while solving a complex
mathematical task?

RQ5: Do control and value appraisagstematically influence the rise of epistemic
emotions?

RQ6: How do epistemic emotions impact motivational and cognitive processes
operating during task completion and do these mechanisms together
determine task performarite

Study 3 (chapter 4) presentsield study that investigated achievement emotiorthién
course of a full school year relative to the learning and instruction in mathematics classrooms.
Selfregulatory learning was conceptualized by cognitive and behavioral variables during
learning and instruction in mathematics activities in the classsod herefore, the study
thought to inquire@n achievement emotions:

RQ7: Are achievement emotionpredictors as well as outcomes during self
regulated learnirg

RQ8: How do achievement emotions in mathematicdate to cognitive and
behavioralvariablesn mathematics classes?

RQ9: Do learning strategiefunction as mediatorbetween achievement emotions
andbehavioral participatiom mathematics over a school term?

This dissertation concludesh@pter 5) by summarizinghe findings of the three
empirical studies. Strengths and weaknesses as well as implications for research and practice
arediscussed. Last, the findings will be revisited in light of the postulated-feuéii model
(see Table 1.2) situating notonly emotional experiences but their respective cognitive,
motivational and behaviordlnctions in specific contexts aghathematics, whichiogether

determine learning.
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2 Study 17 Emotions color Cognitionn Adaptive Functions of

Positive and Negative Emotias for Thinking in Mathematics

2.1 Abstract’

This psychological experiment tested the effects of emotions on rational, logic thinking
in a STEM discipline. Empirical evidence from neuroscience and cognitive psychology
indicate that positive affective statesodden, whereas negative affective states narrow our
cognition. This suggests that emotions can trigger qualitatively different cognitive processes,
which can both be functional for thinking, if adaptive to the cognitive task. Previous research,
however, ivestigating effects of emotions has yielded contradictory results based on severe
methodological limitations in the studies of the field. With this experimental study, we
demonstrate that positivectivating emotions, such as enjoyment, support the generait
ideas. Negativactivating emotions, such as anxiety, help to better identify false ideas. These
findings suggest that emotions and cognition are intimately linked, illustrate how the subtle
modulation of cognition, instigated by emotions, changes tbinking and importantly
highlights the adaptive functions of both, positive as well as negative emotions for complex
thought.

2.2 Introduction

It is well documentedthat we do not processr encode incoming information
@bjectivelyd (Dai & Sternberg, 2004; Lewis, Havilaslibnes, & Barrett, 2008 Rather, our
perception, cognition, and memoaye colored with emotionabvertonegBolte & Goschke,
2010; Fiedler & Beier, 2014; Fredrickson, 2013; Kuhbandner, Lichtenfeld, & Pekrun,. 2011)
Indeed empirical evidence from neuroscience and cognitive psychology indicates that
emotions may nfluence allé&tageé of information processing, by influencing attentional
mechanisms (e.g., focus of attention), working memory processes (e.g., mode of cognitive
control) as well as lonterm memory (e.g., storage and retrieval). Specificglysitive
affective statetiave been found tbroadenthe attentional focysvhereas negative affective
states narrow our attention, thereby revealing rather distinct cognitive functions of different
emotions(Bolte & Goschke, 2010; Fiedler & Beier, 2014; Fredrickson, 2013; Gasper &

* This study vas conducted in collaboration with Prof. Reinhard Pekrun and Prof.Stefan Ufer. Together, it was
decided to write up this study as a ~2500 word manuscript.
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Clore, 2002; K. J. Johnson et al., 2010a; Topolinski & Deutsch, 26b8)example, it has
further been found that e n (Fiedem 2988, Goschke &s e n s
Bolte, 2014) whi |l e anxi ety not oproblgm butealsal movide® 1 z
Afstable maintenanceo in |ight of @ieder& ti ca
Beier, 2014; Goschke & Bolte, 2014; Wegbreit et al., 2(4&3Figure2.1).

Classification of
emotions according

to valence and Mode of cognitive Activation in Task-specific
arousal Attention control memory effects
lobal flexible remote
ENJOYMENT . - GENERATION
focus shifting activation OF IDEAS
local stable specifi
ANXIETY , pecitic EVALUATION
focus maintenance activation OF IDEAS
NEUTRAL- reduced LY no NOT
DEACTIVATING focus control activation FUNCTIONAL

Figure 2.1: Model showingeffects of emotionson different stagesof basal information
processingwvhich might overall be adaptive talifferent kinds of cognitive taske.Q., the

generation or the evaluation of scientific ideas).

While the fact that emotions are tightly integrated with cognition is ratbet
established, the notion that emotions should also be an integral aspect of scientific thinking is
new and provocativéFischer et al., 2014; Jaber & Hammer, 2016; Sinatra, Broughton, &
Lombardi, 2014) Indeed, previous research so far was not successful in stistdina
demonstrating the effects emotions have on thinking, let alone of scientific nature, and, to
complicate matters even further, hgselded utterly contradictory result§¢Jeffrey R
Huntsinger, Isbell, & Clore, 2014; Jefferies, Smilek, Eich, & Enns, 2008; Jung, Wranke,
Hamburger, & Knauff, 2014)One major point of critique has been the neglect of carefully
controlling thetype of valence (positive vs. negative) aatbusal (low activation vs. high
activation) of emotiongBaas, De Dreu, & Nijstad, 2008s well as the emotionality of tone
in the problem conter{Hirt, Devers, & McCrea, 2008; Kuhbandner et al., 2009 addition,
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we argue that many of the cognitive tasks employed to examinaoeraffects, may not
adequately capturéhe cognitive processes that they claim to représewhich might
contribue to contradictory finding€.in, Tsai, Lin, & Chen, 2014)Accordingly, we designed

two experimental tasks, aiming to correspond to these differential cognitive fundtions,
order to show that positive and negative emotions can each complement thinking, if the
respective cognitive processes are adaptive to the cognitive task.

Based on theories describing the nature of two different processes required for scientific
thinking (Fischer et al., 2014; Klahr & Dunbar, 1988; Klahr, Zimmerman, & Jirout, 2011,
Popper, 2002)our two experimental tasks aim to reflect flollowing two components: (i)
the generation of ideas based on available theoretical frames or empirical evidence, which (ii)
must then be subjected to critical tests or evaluation by validating or refuting these ideas. This
dichotomy between generati@md evaluation also mirrors the psychological underpinnings
of creative reasonin(Ellamil, Dobson, Beeman, & Christoff, 2012; Finke, Ward, & Smith,
1992; Guilfod, 1967)and the functions of different brain networiBeaty et al., 2016;
Ellamil et al.,, 2012) In sum, we are suggesting that these two components inherent in
complex scienfic problems (such as formulating a mathematical proof) might benefit from
emotional influences in differential ways: positive affect may enhance heuristic processing,
whereas negative affect facilitates more detailed, systematic procébseader & Beier,

2014; Hirt et al., 1996)

®Forexample,sb abel ed 6di vergent thinkingé testaltheybring ought
to mind (thus calling for cognitive processes that support a spread of associations in semantic memory).
However, one of the most frequently used tests of this sort, namely the Remote Associatidtedpitk,

Mednick, & Mednick, 1964)additionally requireshe participantso constrainthinking to successfully identify

the common core of the three presented words (the test demands to identify the (semantic) relations between
three wordswhich at first seem not to share a common denominator, but will be related on some (more or less)
abstract | evel). Another frequently employed O6diver |
are both novel and of valu&nusual Uses Task; Guilford, 196Gt this test has exclusively been used to test

ideas that might help navigate through daily life (i.e., tts¢ &sks to generate different uses of a daily object,

such as a tin can) and thus does not reflect the processes nor the knowledge that it takes to advance technology or
scientific understanding. I n turn, teftenioakehdédd 6
probl emséd, such as (Dunckér&ilees) 19CGariMd |l er s o lve mBMaierj ng Pr
1931) and do not only requirgnalytical thinking but also a certain amount of creativity and flexibility. While it

is true that these problems lead to a clear and-dedihed solution, which must be identified, the designated
6insightdé does not ar r i vpeoblampspagce oaly ljutalso, talmast by defindient i n g
necessitates conceptual or representational change, for example by relaximpes#fd constraintéHaager,
Kuhbandner, & Pekrun, 2014; Sternberg & Davidson, 198b¥um, the cognitive processes operating in these

tests are inevitably complex and must be carefully controlled.
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2.3 Hypotheses

By considering the above stated effects of emotions on cognitive pro¢Esesn &
LinnenbrinkGarcia, 2014) we derived the prediction that persons experiencing positive
activating emaons (e.g., enjoyment), profit from more cognitive flexibility and activation of
widespread associations in memory, and should therefore etterate idea® as this
requires divergent thinking and the ability to retrieve remotely associated ideasnsPers
experiencing negativactivating emotions (e.g., anxiety), however, might have a more
restricted focus and rely more heavily on specific information in memory, and should
therefore betterevaluate ideasd as this requires a careful examination of pnése
information in a sequenti@nalytical mannefFiedler & Beier, 2014) People in neutral
deactivating affective statesvill not benefit from cognitive processes that might support
either taskormat (sed~igure2.1).

Apart from the cognitive processedso motivational processéave been suggested
serving a mediational function which can explain h@motions might affect task
performance(Pekrun, 2006; Pekrun et aRPp02a; Pekrun & Linnenbriniarcia, 2014)In
essence, it was proposed that emotions serve a functional value by informing whether a
situation warrants actiofN. Schwarz, 1990)In this view, positive emotions might be
mi sattributed that 6al l i's well 6 (Pekruns& r ef r
Stephens, 2012)Conversely, positive emotions might also be interpreted in assigning greater
value to a task, thus perceiving the task as fun and enjoyable, which in turn leads to greater
concentration, effort, or motivatiofMurray, Sujan, Hirt, & Sujan, 1990; Pretty & Seligman,
1984; Sansone, Sachau, & Weir, 1988)the same view, negative emotions might indica
problem and thus induce motivation to examine the situation carefully and search for solution,
thus instigating greater effort, concentration and motivation. These mechanisms, in turn, have
been found to influence performan(®less & Schwarz, 1999; M. S. Clark & Isen, 1982;
Isen, 1987; Pekrun & Linnenbrin®&arcia, 2014) To rule out that such motivational
mechanisms were responsible for the effects of emotions in @arieent,intrinsic and

extrinsic motivation, as well as effort and concentrati@me accounted for and controlled in

® This assumptionia | so often | abeled the 6activation hypothe:
activation influences the engagement with cognitive tasks and suggests that, in particular, complex thinking
processes are enhanced by moderately high levelsooka (Feldman Barrett & Russell, 1998; Pekrun &
LinnenbrinkGarcia, 2012, 2014Based on the activation hyjpesis, it was postulated that the two experimental
emotions groups combined, should outperform the control group on either task format.
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all analyses (seeAppendix B.1l. for Measures of Motivational Variables and Prior
Knowledge).

2.4 Method

We tested our hypotheses in a 3 (emotions) x 2 (task types) corbpaotst
experimental study. Mathematic university students 246) were randomly assigned to one
of three emotion conditions (enjoyment vs. anxious vs. deactivating control copditidn
solved either a generation € 124) or an evaluation task € 122). The six experimental
groups did notdiffe i n t er ms o brtaktelevhet knbvdedige ¢sérabie 21).
To address the mairesearch question using analyses of variances, a minimum of 120
participants for each task was determined a priori with power analysigwt6(Faul,
Erdfelder, Lang, & Buchner, 200D)ased on U $). &5, 8pawer a(1 ar
(H e d gge=s.50) for the emotion elicitation methddlench, Flores, & Bench, 2011n the
beginning of theexperiment an informed consent form (Fggpendix B.2) was signed by
each participant.

The experimental sessions were conducted by trained investigators who were oblivious
of specific hypotheses throughout the adamllection proceds An established emotion
induction procedurgEich, Ng, Macaulay, Percy, & Grebneva, 20@as successful in

" The overall sampleonsisted of 246 university students from the mathematics department at a university in the
southof Germany. Students were around 22 years of Bgg € 21.9 yearsSD,g.= 3.1 years) and attended on
average their 5semesterNl = 5.16 semeste6D= 6.3). 49.7% of those students were enrolled in a bachelor or
master program with a special focusmaathematics, physics or computer sciencel @9 were teacher students

for mat hemati cs and 11. 4% r e p o mathematics study progéam. A e c i a
participations reported proficient levels of the German language (32 studentsdépatt€erman was not their

mother tongue buforeign students had to verify their language skills with ac@2ificate as a requirement for
matriculation)and did not report psychiatric problems on the consent formA{geendix B.2 for consent form).

Both, the students as well as the investigators were blind to the experimental hypotheses and conditions. The
investigators were aware that emotions played a role in the experiment, but they remained dflsfeciic
hypotheses throughout the data collection processsditare tests for independence showed that women were
evenly represented across all six cells, in emotion greR&, n = 246) = .47p = .79,phi = .04, as well as in

the types of tasks? (1, n = 246) = .08p = .77,phi=1.02) (seeTable2.1).

8 After signing the consent form, participants were tested for about 40 min. in a privateubirle Students
participated in the study in exchange for 000 G and compl eted this computer
First, baseline measures of affective states were assessed. Next, students were provided a practice task to
familiarize themselves with the format of the task. Then, students received theremadtiction and started to

work on the experimental task immediately afterwards. An audio signal announced after three minutes via
headphones (that students wore as part of the emotion induction procedure) that time had expired while a visual
signal indcated the investigator to remove the worksheet. Then, participants completed the affect measures for a
second time and reported retrospectivelyirtiseibjective affective experiences during the emotion induction
(Fabrigar, Wegener, Reis, & Judd, 201#ast, they reported retrospectively about their motivation while
working on the task. In this and all comparable experiments in the literature the knowledge test was completed
by participants at the end of the study to avoid interference with the exptimeamipulation(Elliot, Maier,

Moller, Friedman, & Meinhardt, 2007Before leaving théaboratory, all students were debriefed.
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generating different intensities ehjoyment, and anxiety across the three emotion groups and
was found to keep high levels of arousal for the experimental groups, while levels of arousal
dropped significantly for the control group (sEigure 2.2 and Appendix B.2.for Emotion
Induction and Manipulation Check).

A 4.0
35 /
- /
C 30
g /
>2.5 o
o s
— .o
€ 2o ~
(<] @ cnjoyment grou ~
joyment group -
15 - a»anxious group ‘s‘
. ~,
control group
1.0
Baseline Manipulation Check
B 40
@ cnjoyment group
35 e em3nxious group
control grou 7
30 group 'd
2 s
o ' 4
— 4
% 25 7
: ,
© 4
20 £
P4
s
T4
15 P4
’ B
1.0
Baseline Manipulation Check
c 40
—
35 1 ‘-----------
*
C 30
2
]
@ 25
2
b
Q 20
(1] e gnjoyment group
15 e emanxious group
control group
1.0
Baseline (a = .66) Manipulation Check (a = .80)

Figure 2.2: Studentéemotional states before (Baseline) and after the emotion induction phase
(Manipulation Check)by differentiating intensities of discrete emotions words (A =
enjoyment; B = anxiety) as well as levels of activation (C = combined from three discrete
emotion words: active, awake, and attentive) across all three experimental groups.
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Immediately after the emotion induction, students worked on the experimental tasks
(seeAppendix B.4.for piloting and coding of experimental tasks). Importantly, both tasks
were based on identical mathematicaitemt (sed-igure2.3) for the common problem space
of both taskg(Klahr & Dunbar, 1988) making the effects of positive as well as negative

emotions directly comparable.

Figure 2.3: Both tasks showed the figurepresenting a parallelogram with two equilateral
trianglesbuilt on adjacent sides on the parallelogram.

The generation taskasked students to generate valid mathematical ideas about the
geometric figure. Thevaluation taskpresented ideas about teetimathematical figure and
students were asked to validateroe f ut e i deas, by identifyin
Maximum time for each task was three minutes @&ppendix B.5.for experimental task
instructiors and coding schemes). To measueeformance on thgeneration taskwe used
three indicators of idea generati(ideHaan, 2011; Guilford, 1967; Torrance, 196d8uency
wasopemtionalized ashe number of unique ideas generated by each studegtnality of
an idea was measured by its frequency relative to the total number of ideas generated in the
sample.Cognitive flexibilitywas measured by the number of distinct theoretiaéegories
which would support the different i deas (
trianglesodo or Aproperties of angles at tra
evaluation taskwas defined as the number of ideas colrgct | denti fi ed as
val i dati on of caractréefudatiom pfarmidea).i f al seod (
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2.5 Results

To investigate the effects of emotion on performance in the generation task, a
multivariate analysis of variance (MANCOVA; 3 emotion conditions, &fgrmance
measures as dependent variables) was conducted (including all motivation variables as
covariated). To account for the confounding effects between all performance indicators
(Cole, Maxwell, Arvey, & Salas, 1994; Hirt et al., 2008l three were included as dependent
variables. There was a ftivariate effect indicating that the emotion groups differed
significantly above controlling for the influence of motivational variables, using Pillai’s trace:

V = 0.13,F(6,228) = 2.73p = .014,d = .067 (Levené ¢s [2,119] < 1.59ps > .21).
Subsequent univariate analyses revealed significant differences between the emotion groups
in all performance indicators: fluency(2,122) = 4.25,p = .017,d? = .07; originality,
F(2,122) = 3.83p = .025 ¢? = .06; cognitive flexibility,F(2,122) = 3.01p = .053,¢2 = .05
(seeFigure2.4).

As predicted, pairwise comparisons revealed that students in the enjoyment group (ENJ)
generated significantly more idedwsh the control group (CON; ENMJO N :M =a&.94,p =
0.004, Clgse, [.615, 3.259]). These ideas also showed significantly higher originality-(ENJ
C ON:M=&2,p=0.007,Clgsy[.033, .203]) and flexibility (EN:C O N :M =a89,p = .048,

Clgse [.003, .782]).The differences between the enjoyment and anxious group (ANX) were
only marginally significant for fluency (EN8 N X :M =&.18,p = 0.088,Clgse[-.178, 2.531]

but differed substantially for flexibility (ENA N X :M =8&45,p = 0.027 Clgse,[.053, .851].

The magnitude of this difference was a substantial medium effest.06).

However, differences between the enjoyment and the anxious group with regard to
originality were not statistically significant (EMIN X :M =ae057,p = 0.196,Clgs0,[-.030,
.144]),nor were any of the differences between the anxious and the control grofjig(see
2.4).

° In all following analyses, the variables intrinsic and extrinsic motivation, effort and concentration were
controlled. Therefore, the reported means for all performance measures refer to estimates of modets includ
these covariates. For values not including covariates (simple univariate analyses for performance measures on
either task format) please s€able2.1.

19 As all main analyses presented in this Study are basemheway analysesf general linear modeling, thus
describing the proportion of the total variability attributable to one factor only (Levine & Hullett, ,28002)

effect sizes will be based on etquared valueff) and interpreted along the suggesteddhmarkscp of .0099
constitutes a small effedt? of .0588 describes a medium effect, d@lfdof .1379 depicts a large effe@@ohen,

1988; Maher, Markey, & Ebeiay, 2013) A medium effecis consi@red to beof great magnitudéor research
conducted in educational reseafgtichardson, 2011a)
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Figure 2.4: Differences of emabn groups in generating ideddeans ad standard errors are
shown for the total amount of ideas (fluency), the uniqueness of those ideas (originality) and
the amount of distinct theoretic categories from which ideas were pulled (flexibility).
Differences were computed usinultivariateanalyses of variance (MANCOVA). Error bars
representl SEM (0.47 for fluency, 0.03 for originality and 0.14 for flexibility).

A unifactorial (emotion groups: enjoyment vs. anxious vs. control group) analysis of
covariance was conducted on the validation ofhesaatical ideasM = 3.53,SD = 1.81),
while accounting the influence of all motivational variables as covariates in the analysis.
Unexpectedly, the analysis revealed no significant effect of emotion groups on correctly
identi fyindg2iR)rEHp=il2da H4 (LevensF [2,119] = 1.33p=
.27). Nonetheless, the descriptive statistics emerged in the hypothesized direction with
students in the anxious groud € 3.93,SD = 1.98) identifying more ideas correctly than the
students in thenjoyment 1 = 3.49,SD=1.75, ANXE NJ M = &6,p = 0.12,Clgso{-.182,
1.509) or the control groupM = 3.15,SD= 1.64, ANXC O N :M =a80,p = 0.053,Clgse -
.011, 1.617) (seeFigure2.5). A secondunifactorial (emotion groups: enjoyment vs. anxious
vs. control group) analysis of covariance was conducted on the refutation of mathematical
ideas M = 3.12,SD= 1.36), while accounting the influence of all four motivational factors as
covariates in the analysi§he analysis revealed a significant effect of emotion groups on the
ability to correctly identify presented ideas as faBg,122) = 3.82p = .023, = .06
(Levends Fs [2,119] = 2.09p = .13). As expected, students in the anxious group correctly
refuted more ideas correctly than the control group (AGI® N:M =80, p = 0.009,
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Clgsed.203, 1.394], while additionally differences with the enjoymembgp were marginally
significant (ANX-E NJ M = a1, p = 0.052,Clgsef-.007, 1.2312)] with a notable medium
effect size @2 = .06) (seeFigure2.5).

idea evaluation

excited
excited

Verification Refutation

Figure 2.5: Differences in emotions groups in evaluating id&sans and standard errors are
shown for correctly evaluated mathemati cal
or fAfalsed (refutation). Di f f er encogagianéen v ar
Error bars represent £1 SEM (0.28 for validating and 0.21 for refuting ideas).

Last, in order to test the activatithypothesis, both experimental emotion groups (i.e.,
the enjoyment and the anxious group) were combined and contrasted tgagusitrol group
(which was found to show significantly lower levels of emoti@wivation (sed-igure2.2)).

In order to account for motivational covariates, an ANCOVA compared the performance on
the idea gemation task for activated versus deactivated emotion groups. The three
performance indicators of idea generation (fluency, originality #edibility) were
standardized, by transforming themto zscores, in order to compute an overall performance
measue of idea generation (rang€.25 < Zjea generatior< 2.08). This unifactorial (emotion
groups activated vs. deactivated) analysis of covariance revealed that both groups
significantly differed in the overall performance of the idea generation F§sK,22) = 5.44,

p = .021, (evends Fs [1,120] = .40,p = .53). As expected, students that had been
randomized to activateemotion groups (ACTM = .13,SD = .86) performed significantly
better than the deactivated control group (DEAGIT -.24, SD= .95).The magnitude of the
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difference (ACTD E A C TM = .38 SE= .16), p = 0.02,Clgs0,[.064, .778) was a substantial
mediumsized effect@ = .05) (sed-igure2.6).

0.3 8
0.2 7
0.1 6
5 S
= 0 : -~ 5
© activated ©
E ™
?:’ 0.1 2
o g 4
o O
©@ -0.2 © 3
[+}] (]
T ke
-0.3 2
-0.4 1
0.5 0

activated

Figure 2.6. Differences between activated and deactivated emotions groups for overall
performance on idea gengom and idea evaluation taskisleans and standard errors are
shown for performance measures. Performance measure for idea generatiormnespees
composite score of the standardized performance indicators (fluency, originality and
flexibility). Performance measure for idea evaluation represents the overall composite score
(i.e., total sum) of correct verifications and refutations.

For testig the activatiorhypothesis relative to the idea evaluation task respectively,
both performance measures (number of correct verifications and refutations) were added to
form one overall composite score indicating the total amount of ideas that werelgorrect
identified and analyzed. Again, all motivational covariates were included in the model, such
that an ANCOVA compared the total scores on the idea evaluation task for activated versus
deactivated emotion groups. This unifactorial (emotion groups: astives. deactivated)
analysis of covariance revealed that differences between the groups approached statistical
significant differences in the overall performance of the idea evaluation task, F(1,122) = 3.13,
p = . 07 9LeverdFs H,120]G-2.61p = .11). According to the hypothesis, students
that had been randomized to activagedotion groups (ACTM = 7.04,SD = 2.93) solved
more items correctly than the deactivated control group (DEACF;5.88,SD= 2.67). The
magnitude of the differencACT-D E A C TM = 1801 SE= .57),p = 0.079,Clgso[-.120,

.2.132) was a small effect = .03)(seeFigure?2.6).
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2.6 conclusion

The present findings show the significance of positive as well as negative erfidtons
thinking. Enjoyment reliably improved performance on an idea generation task awkigty
leadsto better selection of false ideas in need of rejection. The present findings suggest that
emotions are functional in coordinating cognitive processesctivdtibute to reasoning and
thus offer a reconciliation of the conflicting results reported in the extant literature. More
specifically, the findings suggest that subjective emotional experiences significantly influence
both, quantitative (number of generd and evaluated ideas) and qualitative (originality and
flexibility) aspects of scientific performance. Most importantly, however, our findings have
critical implications from a scientific, practical and educational point of view. Results from
this reseech suggest that if a task calls for creativity and imagination, then experiencing
positive-activating emotions is more beneficial. On the other hand, negattixating
emotions might counteract cognitive biaggahneman, 2013)which is not only critical for
scientific theory revision but might additionally help to reduce diagnostic errors (e.g.,
essential for all professions involving decision making or-téding). For educators, the
findings points to the importance of awareness of emotions (e.g., their implications fer open
endedquestions vs. multiptehoice testing) and their regulation respectively, as potential
leverage for increasing cognitive performari@oss, 2015)In sum, these findings suggest
that emotions and cognition are intimately linked, illustrate how the subtle modulation of
cognition, instigated by emotions, changes our thinking and importantly highlights the
adaptive @inctions of both, positive as well as negative emotions for comgteatific
thought.

1n light of interpreting the present findings, it is criticalattend to the object focus of the investigated
emotions as these were unrelated to the context of the learning tasks. Thus, the functional properties and
consequently effects of emotions may be different for emotions directly relating to the objecbfoaus
experimental task. For instance, anxiety arising with respect to fear of failure relative to an achievement situation
may elicit fundamentally different cognitive and motivational processes likely to produce different effects of
learning. Thus, th@bject focus of emotions is one critical dimension for determining effects of emotions for
learning and achievement (Pekrun & Perry, 2014).
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3 Study 2 17 Hot Reasoning in Mathematics: How Epistemic
Emotions arise and drive Motivation and Attention during a

complex reasoning task

3.1 Abstract*?

This study examinednéecedents and effects of epistemic emotions, typically defined
by their object focus relating toeasoning and knowledge generat{@ekrun et al., 2016)
The controlvalue theory (CVT; Pekrun, 2006) offers an integrative tieofiame including
a cognitivemotivational explanation of the antecedents and outcomes of epistemic emotions.
Data were collected from mathematics university studéits 80) before and after working
on a complex reasoning tasBefore the task, partigants were asked to report on their
control and value appraisals relative to a practice task. Immediately upon completion of the
task, students reported their epistemic emotions as well as their motivation and attention as
experienced during the tasklathematical performance was assessed by three indicators of
quantity and quality of proof formulation. Structural equation modelling revealed that both
control and value appraisals served as important antecedents of curiosity, enjoyment, surprise,
confusion and boredom experienced during the task, and were also related to intrinsic
motivation and attention. In addition, curiosity, enjoyment, frustration and boredom were
found to relate to intrinsic motivation and attention as well as task performancectindire
effects offer support for the postulated functions as suggested in CVT, with epistemic
emotions mediating relations between appraisals and intrinsic motivation and attention, as
well as intrinsic motivation and attention mediating relations betweeryragjt and task
performance. The assessment of task and situation speggigiemic emotions is crucial for
understanding their interplay with cognitive and motivational processes driving epistemic
activities. The findings suggest that the role of epistemmotions for complex reasoning

should be considered in future research and can gdigigational practice
3.2 Introduction

While it has become increasingly clear that emotion, cognition, and motivation are

intricately intertwined during complex reasoni{yzevedo, 2015; Dai & Sternberg, 2004;

2 This study was conducted in collaboration with Blisabeth Vogl, Prof. Reinhard Pekrun and Prof. Stefan
Ufer. The manuscript length was not specified for this study.



Chapter3: Study 2i Hot Reasoning in Mathematics 34

DeBellis & Gol din, 2006 0b; Mc Leod, 1992,; Me ¢
& Perry, 2014) their joint functions and intergy in the process of learning and problem
solving are only starting to be addressed 6 Mel | o & Graesser, 20
Azevedo, 2015; Tulis & Fulmer, 2013%pecifically, recent findings from exp@ental
psychology and neuroscience stress that epistemic emotions tightly interact with cognitive
and motivational systems during reasoning, which in turn determine perforrf@Gottkeb,

Lopes, & Oudeyer, 2016; Pekrun & Linnenbr@arcia, 2014) Therefore, the aim of this

study was to examine the functions of epistemic emotionsglyaouriosity, enjoyment,
surprise, confusion, anxiety, frustration and bored@ekrun et al., 2016)in directing

attention and activating motivational resources during a complex reasoning task in
mathematics. Whereas reseamh some epistemic emotions such as curiosity and surprise

has a long traditiofBerlyne, 1954; Foster & Keane, 2015; Grossnickle, 2016; White, 1959)
epistemic enjoymengnxiety and boredom have only recently received educedtiention

(Eren & Coskun, 2016)and empirical evidence on other epistemic emotions, such as
confusion or frustration, is scarce and not yet conclusive. Precisely, it has been suggested that
all epistemic emotions should be cmesed simultaneously, in order to investigate their joint
impact on taslspecific attentional processes and motivational tendencies in order to better
understand their relations with performar{Gottlieb et al., 206; M. J. Gruber, Gelman, &
Ranganath, 2014)

The controlvalue theory (CVT; Pekrun, 2006) offers an integrative theoretic frame of
emotions typically experienced in competence and achievemasetd settings, with a
cognitivemotivational explanation ofhe antecedents and outcomes of those emotions
(Pekrun, 2006; Pekrun et al., 2002a; Pekrun & Perry, 20I4¢ theory is designed to
encompass funicnal mechanisms pertaining to emotions relating to learning and
achievement (Pekrun & Stephens, 2012). Therefore, these postulated functions should be
universally applicable to all groups of academic emotions, thus including epistemic emotions.
Specificaly, CVT describes cognitive appraisal dimensions of control and value as critical
determinants of emotions relating to learning and achievement. The effects of emotions on
reasoning and performance, in turn, are thought to be mediated by their impaentiorat
and motivation, through which consequences on reasoning and performance are modulated
(Pekrun et al., 2002a, 2016; Pekrun & Perry, 20TC4itically, the theory miees sequential
assumptions on the functional chain of these cognitive, emotional and motivational variables
for reasoning: while epistemic emotions are thought to mediate relationships between

cognitive appraisals and attentional and motivational proceks@sy a complex reasoning
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task, attentional and motivational processes, in turn, are thought to mediate relations between
epistemic emotions and performance outcome.

Thus far, only a handful of studies have integrated ans k measur es of
discrete epistemicemotions, as well as tasklated cognitive and motivational processes
relative to a complex reasoning ta@®Kkuis, Psaradellis, et al., 2015; Tulis & Fulmer, 2013)
Additionally, research is lacking with regard to exploring both antecedents and effects of
epistemic emotions simultaneous(uis, Psaradellis, et al., 2015Yhe current study
addressed this gap in research by investigating the origins and effects of epistemic emotions,
namely surprise, curiosity, enjoyment, confusion, anxfetgtration and boredom (Pekrun &
Stephens, 2012§luring a complex reasoning task. In particular, we investigateespasiific
control and value appraisals as antecedehtpistemic emotions together with their effects
on attention and motivation whicin turn were investigated relative to the quality of task

performance.

3.2.1 Conceptualizing Epistemic Emotions

Epistemic emotions relate to the knowledgmerating aspects of learning aotther
cognitive activitiessuch as problem solvin@ekrun et al., 2016}or example, the curiosity
and/or confusion that can be triggered by contradictory findings, the enjoyment of seeing a
hypothesis confirmed, or the frustration of repeatedly encountering new problems with the
same problem, pride only few examples of how intricately interwoven epistemic emotions
are with complex reasoning and problem solviAmley & Ainley, 2011; Jaber & Hammer,

2016) As such, the critical defining feature pertaining to this specific group of academic
emotions (se further, Pekrun & Stephens, 2012) is that the respective object focus must be on
epistemic aspects of reasoning. Since epistemic emotions occur during thinking or ongoing
knowledgegenerating activities, they can always be considered activity emotmhsark

dynamic, arousing and {themoment affective states. Epistemic emotions include, but are

not limited to (e.g, for the epistemicreot i on fAaweoO see Valdesol
2016) curiosity, enjoyment, surprise, confusion, anxiety, frustration and bofédom6 Me | | o ,
Lehman, & Person, 2010; Pekrun et al., 20¥8hile the importance of epistemic emotions

for epistemic activities is being increasingly acknowledged, systematic research examining

'3 Boredom marks the great exception in this list of epistemic emotions as typically the object focus,
under the experience of boredom, diverts away from epistemic aspects of a cognitive activityicaily typ
boredom is defined as a deactivating emotion not directly contributing to cognitive stimulation (Pekrun, Vogl,
Muis, & Sinatra, 2016).
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the specific functions of emotions for learning andsoeeng, however, is largely lacking
(Fischer et al., 2014; Sinatra et al., 2014)

3.2.2 Antecedents of Epistemic Emotions

Given tha the specific functions of epistemic emotional states are tightly coupled with
the production of knowledge, it is imperative to understand their respective antecedents to
describe how discrete epistemic emotions arise. It that respect, it is importanisider the
situational characteristics of a learning situation (e@mplexity of a problem) as well as the
s t u d appraisal$ of that situation.

Cognitive Discrepancy/ Incongruity. Generally, epistemic emotions have been
described to arise wherognitive discrepancies or cognitig@psin onds existing knowledge
are made salien(Grossni&le, 2016; Loewenstein, 1994jor example as caused by a
Ami smatch between stimulus i npu(Frijda 6986, pr e e X
346). Therefore, thei ¢ 0 g n i t dr thesschgnadiserepancyrefers tothe demands of the
immediate situationrelative t h e s4 kndwdedge @r goal. For examplepgnitive
discrepanciesccur when learners are confronted vd#viations from expectations or beliefs,
impasses or obstacles to goals, as well as from complex tasks, such as a mathematical proof.
Such schemdiscrepanciehave been found to trigger cognitiaéfective processesntil
equilibrium is restored, disequilibrium is dampened, or the student disengages from the task
(D6Mel l o & Graesser, 20.12; Graesser & DO6Mel

More specifically,the trajectories osuch impasses have been &dkwith specific
emotional experiencg®ekrun & Stephens, 201Zor example, curiosity has been described
to arise relative to knowledge gapSrossnickle, 2016)enjoyment is experienced when
recombining infomation helps to solve the problgifekrun & Stephens, 201anhd surprise
IS experience upon encountering noveltgr unexpected event@Berlyne, 1954, 1960;
Scherer, Schorr, & Johnstor2)01) Further, confusion arises when the incongruity cannot
be immediately resolvef D6 Me |l | o & Gr aesser , ,amgidymayd2o Me |
experienced when severe incongruity deeply disturbs existing b@leis, Pekrun, et al.,

2015; Pekrun & Stephens, 201&)d frustration occurs if a student gets stuck, if important
goals are blocked or if plans to resolve such impasses are unavéilBbieMe | | o & Gr a
2012) The last instance dfhese affective dynamics is boredom, as this-distuptive
emotion( Er en & C o kak heen, hyp@thedizéd to cause students to disengage from
and to give up on epistemic endeavorB 6 Me|l | o & Gr aesser,. 2012;
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Control and Value Appraisal of the Cognitive Activities. According to the CVT,
achievemenemotions are elicited via cogdivie appraisals of control and valuerelation to
an achievement situatioivalue refers to orie appraisal of the significance or importance of
the an achievemenactivity or its outcome and includes both intrinsic (interest) and extrinsic
(utility and attainment) value@ekrun et al., 2011 he perception of cognitive control refers
to the appraisal of the possibility to personatifluence the cognitive activity (relative to
ongoing actions as well as outcomes) amaly be influenced bgompetence beliefs (e,g.
through constructs such as sefficacy, the academiself-concept of a given domain or the
internal locus of controjtask demands or thgerceivedprobability of success or failurés
there is no fully formulated theory as of yet, describing the specific appraisal mechanisms
pertained to be most relevant for ttee of epistemic emotions, we started to investigate the
antecedents of epistemic emotions relative to those appraisals deemed to be especially
important in the academic context generally, namely control and value.

Applying these theoretical considerations to the category of epistemic emotions, the
intensity ofthe experience of epistemic emotions might be determined by the extent to which
the respectivenformation or task is perceivet be valuableln line with reasoning from
CVT, the moreepistemicvalue is assigned to a complex cognitive task or its outctimee
more intensely willi positive as well as negativeepistemic emotions be experienced. The
exceptionis boredom.Herg the intensity of the experience of this negative emotion should
diminish with greater valu@Pekrun et al., 2010)

The few empirical findings available to date are in line with these postulations.
Curiosity and enjoyment have been found to be peadjtiassociated with greater vajubke
relationships between value and negatetivatingemotions have been found to be either
negative or unrelatednd findings for surprise have largely been inconsistgxhley &

Ainley, 2011; Muis, Psaradellis, et al., 2015; Pekrun et al., 2016)

Beyond these independent effects of value, CVT proposes that control interacts with the
experienced value and that their combined effects predict the rise of epistemic emotions
relative to the specific learning situatiqeee further for expectancy value interaction;
Trautwein et al., 2012)This means that if the value of a cognitive activity is sufficiently high
and personal control is perceived as high, curiosity and/or enjoyarenexperienced
(Loewenstein, 1994)If, on the other hand, perceived control over thgnitive activity is
only low or moderate, anxietgr confusiormay be experiencetipwever, confusion may also
be experienced under feelings of high conff@®ekrun et al., 2016; Silvia, 2010, 2013)

Frustration occurs if cognitive activity is highly valued but cognitive incongruity is persistent
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and control is perceed as low (Pekrun, 2006Recent empirical findings support the
proposed appraisal interaction as predictors for activity specific learning em{Bmts

Goetz, & Hubbard, 2013; Goetz, Frenzel, Stoeger, & Hall, 20A®) example, it has been
found thatenjoyment is experienced if the mathematical problem to which it relates is
positively valued and if it is perceived as sufficiently controllable, however, if the task is not
adequately controllable, frustration can ocCuB a k e r , D6 Mel | o, Ro.dri go
This means that kack of control and high value of a ia@ieé outcome may produce negative
activating emotions (e.ganxiety, frustration) (Bieg et al., 2013). Moreover, low perceived
controllability and low subjective value of a task, may yield negateectivating emotions

like boredom (Pekrun et al., 2010)In conclusion, the different combinations of the
antecedents of epistemic emotiong.(the extent and persistence afgnitive incongruity,
control and value appraisals as well as their interactive effect) can explain why the same

cognitive task can trigger different epistemic emotions in different individuals.

3.2.30utcomes of Epistemic Emotions

As suggested by philosophetke activating qualities of epistemic emotiodstermine
epistemic endshich consequently are functionally important for initiating, directing, or
terminating the search for reason and evidence during epistemic acfivides u n , Dojuo
& Kuenzle, 2008; Morton, 2010)Particularly, epistemic emotions have been found to
regulate attention during cognitive problesolving (Fiedler & Beier, 2014)and are
functionally important for motivational process@ian, Chin, & Shieh, 2005)'he overall
effects of any given emotion on performance will likely depend on the nature of the
mechanisms facilitated by the emotion, the interplay of these mechanisms, and their
interactions with task deamds (Pekrun & Stephens, 2009).

In order to discern functional differences of academic emotions, Pekrun (2006)
classified three particularly critical dimensions describing emotions, namely the object focus,
valence and activatiodimension. Critically, the object focus for all epistemic emotions is
always the cognitive task at hand. In terms of valence and activation, epistemic emotions can
be both, positive and negative, and in terms of activation, epistemic emotions can be
activaing as well as deactivating. Through combining the valence and activation dimensions,
epistemic emotions enclose positive activating emotions (curiosity, enjoyment), negative
activating emotions (confusion, anxiety, frustration), and negative deactivatnagions
(boredom). In addition, the activating emotion surprise can be experienced as positive or
negative(Pekrun et al., 2016)



Chapter3: Study 2i Hot Reasoning in Mathematics 39

Effects of Epistemic Emotions on Attention. Epistemic emotions are conceptualized
as arousing emimnal states that serve functions of directing attention and activating
cognitive resources toward the object of the emotion, in terms of epistemic emotions the
epistemic activity or taskEllis & Ashbrook, 1988) These attentional mechanisms, in turn,
are assumed to facilitate or hindeistgmic activitiegPekrun & Perry, 2014)For example,
cun osity is thought to stem fr om (koewensih,i ons
1994)ultimately directing attention toward the problemajap, thus allowing for the full use
of cognitive resources in order to reduce this feeling of knowledge depri&rossnickle,

2016) In line with this,a recent eye tracking study showed that epistemic curiosity steers eye
movements towards the incongruent or unexpected infaamdBaranes, Oudeyer, &
Gottlieb, 2015) Enjoyment of learning has been found to stimulate cognitive activation and
use of cognitive resources, for example by directing attention on the object of |g@uif)g
Reusser, Rakoczy, & Pauli, 2011; Fredrickson, 1998; Pekrun et al., 2@l&alarly to
curiosity, surprise can be elicited by novelty or deviations fropeetationgScherer, 2001,
StiensmeiePelster, Martini, & Reisenzein, 1998hd has been found to focus attention on
the unexpected or novel informatigRoster & Keane, 2015; Horstmann & Herwig, 2Q15)
However, curiosity and surprise seem to be functionally distinct in thvatstty is a pre
active process that anticipates, or motivates to obtain new information, whereas surprise
indicates a reactive process after having processed the inforrfBdi@mes et al., 2015)

Confusion and frustration seem to have more complex relationships waitiinig and
thinking; on theonehand they are a natural part of and even necessary for complex learning
(D6 Mel | o e twhilg lon the atherlhand, it has been found that spending a
considerable amount of time confused or frusttate associated with worse performance
(Graesser & .Danbre detaih confusidnlalsps when discrepant information is
detected(e.g., a conflict withprior knowledge or expectations; Silvia, 2010, 201Bjis
cognitive gap is believed to trigger regulatory strategies either focusing attention on the
discrepancy of information or leading to avoid the cause of the conf(dgobs & Gross,

2014) As such, confusion may only be beré&fi for learning if the impasse is attended to,
actively engaged with and ultimately resoMedD 6 Me |l | o & 0GrHa e Ddevre,l | ©
2014) Similarly, frustration occurs when studerdigt stuck over an impass€ D6 Me |l | o &
Graesser, 2011) This negative cognitive loop, if persistent, may transition into boredom
(DoMel |l o & Gr &tadses enwvestigatidd th@ )cognitive consequences of
experencing boredom while working on a task, typically report attention impairments
(Pekrun et al., 2010; Titz, 2001; Tze et al.,, 201®hat is, students have problems
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concentrating when they are bored and are therefore more prone tistrbeted by task
irrelevant information( Cr ai g, Graesser, Sul lins, & Gho
2012; Pardos, Baker, San Pedro, Gowda, & Gowda, 203%#pilarly, a rather well
documented cognitive consequence of test anxiety is the interruption of information
processing, which, as a result, impairs the attention that can be allocated on the academic task
(Clarke, MacLeod, & Guastella, 2013; Fiedler & Beier, 2014; Zeidner, 2007)

Effects of Epistemic Emotions onM otivation. Epistemic emotions have been ascribed
a motivational function in that they help prioritizing certain goals thereby mobilize energy
and give direction to learning and behayiGrossnickle, 2016)Such motivational processes
are, for example, well documented for epistemic curigdityJ. Gruber et al., 2014; Kang et
al., 2009) The driving force of curiosity was suggested to stem from the desire to elirminate
knowledge gap by obtaining the missing pieces of informafioformationgap theory;
Loewenstein, 1994) Accordingly, epistemic curiosity has been found to promote the
exploration of new knowledgéBerlyne, 1954; Jirout & Klahr, 2012; Litman, Hutchins, &
Russon, 2005)Similarly, the experience of enjoyment of learning is positively associated
with intrinsic (i.e, motivation to learn because the material is interesting and learning is
enjoyable) as well as extrinsic motivation (i.enotivation to learnto attain outcomes)
(Pekrun et al., 2002a)Vhile most authors agree that surprise is an arousing state triggering
attention (Horstmann & Herwig, 2015) and consequently making information more
memorable (Fazio & Marsh, 209; Parzuchowski & Szymkowudziarska, 2008)
motivational consequences of this epistemic emotion have not been systematically
investigated. Confusion, despite being a negadtéezating emotion, has recently been found
to motivate learners to activelymgage with learning materiasD6 Mel | o & Gr aes
D6 Mel | o et Howadver,,this 2ftedt 4nly comes into play if confusion triggers
mechanisms for resolving this discomforting st@f@anLehn, Siler, Murray, Yamauchi, &
Baggett, 2003)as it might otherwise impair performan@duis, Psaradellis, et al., 2015)
Similarly, anxiety can induce strong extrinsic motivation to invest effort to avoid failure
(Pekrun etal.,, 2002a) Even frustration may promote exploration and learning, if the
frustrated person is able to use it for strengthening motivation and effort by maintaining
positive expectancies in their abiliti@®aker et al., 2010; Wong, 1973 owever, research so
far has suggested rather detrimental effects of anxiety and frustration on learning and
achievemen(Pekrun & Stephens, 2012; Zeidner, 2014st, boredom hasekn described as
a fAmoti vat (VogekVhlcuth Riorella Gampeay, & Schatz, 2012, p. 9@ading to
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uniformly lower total motivation to lear(Baker et al., 2010; Eren & Coskun, 2016; Eren &
Cokkun, 2015; Pekrun et .al ., 2010, 2002a; T

3.2.4 Attention and Motivation as Predictors of Performance

Cognitive activities pursued with full investment of cognitive functions and done out of
intrinsic motivation have been found to not only predict the engagement with a cognitive
endeavor but also the quality of performafeekrun & LinnenbrinkGarcia, 2012)Attention
can be defined as the Afocusing of t he mi
prerequisié for learning to occu(Nissen& Bullemer, 1987) Specifically, the amount of
attention directed towards a cognitive task has been found to determine the selection of
information (J. R. Arderson, 1990, 2013; Gottlieb, Oudeyer, Lopes, & Baranes, 201B)
consequently determines what information will be processed in working mefAady,

Vogel, & Oh, 2006; Cardosbeite & Bavelier, 2014)Intrinsic motivation, a motivain that
energizes engagement in activities via the inherent satisfaction derived from effective, freely
chosen action, results in high quality learni(i@eci, 1992; Eccles & Wigfield, 2002;
Harackiewicz, 2000; Ryan & Deci, 2000Empirical findings indicate that intrinsically
motivated leamers derive pleasure from the task itself (e.g., enjoyment from problem solving)
are more actively involved in tasks (Harter, 1992; Tobias, 1994), and show greater task
persistencé¢Patrick, Skinner, & Connell, 1993; Tulis & Fulmer, 2013)

3.3 Aim, Research Questions and Hypotheses of the Present Research

In the present study, we explore if epistemic eoriserve cognitive and motivational
functions during a complex reasoning task in matheméinm et al., 208; Morton, 2010)
Complex problems in mathematics are particularly ripe with epistemic emotions as these
naturally entail cognitive incongruitiHannula, 2012, 20145pecifcally, the formulation of
a mathematical proof requires mathematicians to coordinate several mental activities and to
bridge cognitive gapoero, 1999; Ufer, Heinze, & Reiss, 2008dr example, evidence has
to be searchedhat might contradictonegs own assumptions, reasoning paths have to be
altered or at times refuted and induction and deduction must be used as reasam@ittgsope
(Reiss & Heinze, 2004¥rom this perspective, mathematical reasoning is bound to trigger
highly emotional responsesiving epistemic processéBischer et al., 2014; Muis, Pekrun, et
al., 2015)

Because epistemic emotions arise and operate in the nexus between the learner and a

task, the level of granularity of the measurement of particular emotional, cognitive and
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motivaional processes during task performance is crucial for understanding their respective
functions for ongoing cognitive performancészevedo, 2015) Accordingly, epistemic
emotions must refer to knowledge or the generation of knowledge as experienced during the
task (Pekrun et al.,, 2016)Complementary, measures of attentional and motivational
processes must align with what actually occurred during reasoning about the p{Bbl&m
Zimmerman, 2008) Further, cognitive incongruities give rise to and shape epistemic
emotins as appraised relative to tasgpecific competencies and valu@Bekrun, 2006;
Pekrun & Perry, 2014)

Accordingly, we aimed to examine thetaskspecific antecedents and effects of
epistemic emotions, namely curiosity, enjoyment, surprise, confusion, anxiety, frustration,
and boredom in an attempt to betw#scribe the processes guiding complex reasoning
(Pekrun et al., 2016Pekrun’s (2006) contrelalue theory suggests that epistemic emotions
arise as a function of different appraisal dimensions in relation to the cognitivéyacti
Therefore, we first investigated if cognitive evaluations of control and value apply are
relevant appraisal processes giving rise to epistemic emotions (RQ 1). Further, the theory
suggests that learninglated emotions have a modulating functiorthiat their effects might
be mediated by cognitive or motivational mechanisms, which in turn determine the quality of
performance. In line with this assumption, we examined the joint impact of epistemic
emotions on cognitive and motivational processes;ipaly by determining the motivation
invested in and attention allocated onto the task, which in turn are thought to relate to
performance of a complex reasoning task (RQ 2).

Last, the sequential nature of the CVT specifies a number of mediating podessg
complex reasoning tasks. Accordingly, we investigated if epistemic emotions would mediate
the relations between control and value appraisals and intrinsic motivation and attention and
second, if intrinsic motivation and attention would mediate rislations between epistemic
emotions and performance outcome on the complex reasoning task (RQ3) (for the full
theoretical research model d&gure3.1).
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Research Question 1. Control and/alue Appraisals asAntecedents ofEpistemic
Emotions. The first aim of our study was to investigate whether appraisals of control and
value are related to epistemic emotions experienced during a complex reasoning task in
mathematics. Generally, we expected that the moieualsie is assigned to the complex
mathematical problem, the more intensely will epistemic emotions be experienced. An
exception to this is surprise which may be experienced without the need of any appraisal of
the situation. Consistent with previous skslishowing clear relations between discrete
emotions and their control and value anteced@ieg) et al, 2013; Frenzel, Pekrun, & Goetz,
2007; Frenzel, Thrash, Pekrun, & Goetz, 2007; Goetz et al., 2@B0hypothesized that
positive appraisals of control and value should determine the intensity of the positive
epistemic emotions curiosity and enjoymentitdd during problem solving. Regarding the
postulated interaction between appraisals, we suggest that when students believe that the
domain of the task they are dealing with has personal relevance and meaning for their lives
(greater intrinsic or extrins value) while feeling moderate or high levels of control over the
domain of the tebe-solved problem, relationships should be positive with positive epistemic
emotions (enjoyment and curiosity), whereas relationships would be negative for negative
epistenic emotions (confusion, anxiety, frustration, and boredom).

Research Question 2. Epistemi&motions Effect Attention and Motivation. CVT
specifies that epistemic emotions, as they occur during epistemic activities, do not directly
affect performance buthsuld modulate cognitive and motivational mechanisms which in
turn, determine respective performance effects. While we expect uniformly positive effects of
curiosity and enjoyment on attention and intrinsic motivation, negative effects would be
expected fo boredom. Relationships for negatiaetivating epistemic emotions have
previously been found to be more complex. Epistemic emotions, such as confusion,
frustration, or anxiety, are generally considered to be detrimental to student learning and
performane since they reduce intrinsic motivation and foster -taskevant thinking by
directing attention towards the object of emotions (Pekrun, 2006). However, confusion,
frustration, or anxiety may also produce the opposite effect by strengthening studasicext
motivation and getting t u d ® tryt her@er and invest more effort in order to avoid future
failure, therefore having a positive effect on performance (Pekrun et al., 2002). Similarly,
surprise might exert positive effects on attentional prosebse if a motivational function
inheres this epistemic emotions, is unclear. In sum, relations of surprise, confusion, anxiety

and frustration may both be positive and negative with attention and intrinsic motivation.
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Research Question 3. MediationaMechanisms of Epistemic Emotions as well as
Attention and Motivation. In line with sequential suggestiomsade in CVT, several
mediating mechanisms are postulated. Accordingly, we examined if (i) epistemic emotions
mediate relations between control and valoe motivational mechanisms, and second, if (ii)
motivational and attentional mechanisms mediate relations between epistemic emotions and

performance.

3.4 Method

3.4.1 Patrticipants and Procedure

Eighty German university studenta £ 80) were recruited from study gm@ms in
mathematicsNlsemeste= 4.28,SDsemeste= 3.07). Students were on average 23 years ofMge (
= 22.91,SD = 4.54) and 33 participants were female (41.3%). In this computer based lab
study, students solved a series of multiple choice questiorsdieg their knowledge in
geometry theorems and received an exemplary proof task, with identical instructions to the
experimental task, relative to which control and value appraisals were assessed. Immediately
afterwards, students worked on the geometnioop task without a time limit. Upon
completion of the task, students reported the intensity of epistemic emotions experienced
while solving the task, as well as tagecific attention and motivation. Last, demographic

information (gender, age, year ofidy) was assessed.

3.4.2 Materials and Measures

Descriptive statistics and reliabilities of measures are presented in Table 1. For all
measures, higher scores reflect a higher endorsement of the corresponding construct.

Gender andPrior Knowledge asCovariates. In addition to the specified hypotheses,
we considered that previous studies have consistently shown that female students typically
report lower selconcepts in mathematics relative to male students (Hyde et al., 1990; Goetz
et al.,, 2008, 2013). Furtheprior knowledge in the domain under consideration has been
found to influence performan¢@ommerhoff, Ufer, & Kollar, 2015)Accordingly, genderas
assessed as part of the demographic informatma) prior knowledge were included as
covariates in the research model. Prior knowledge was assessed based on a series of multiple
choice questions regarding knowledge of basic geometry theorems. One peatfaorrect
answer was given, which resulted in a range of possible scores from OMo=350(43,SD=

+3.72, Min. = 15, Max. = 35)All items met satisfactory item parameters with a difficulty
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index of 0.49 P < 0.99 M (P) = .78;SD(P;) = .11) aswell as a discrimination index of;.
> 0.40.
Value. Four items from Pekrun and Meief2014)Task Value Questionnaifdased on
Eccles, Wigdfield, Hrold, & Blumenfeld, 1993were used to measure student’s value
attributed to the presented trial tadkccles & Wigfield, 2002; Wigfield & Eccles, 1992,
2000) All items were adapted to meet the domain specific context of problem solving in
geometry and measured attainment and utility valegrinsic values) Attainment values
pertain to theperceived importance of doing well (e.9. | feel t hat , to m
about problem solving in geometry is very i
of academic engagement for obtaining outcomes, such as the usefulness for aafetre c
(eg,AiLearning more about problem solving 1in
avoid conceptual overlap with the epistemic emotion enjoyment, intrinsic task value,
describing the enjoyment one gains when doing a cognitive task, waslexdtom the value
measure (e.gi Gener al ly, | enjoy solving geometric
Contro. As an indicator for academic control
concepts. Four items were assessed as indicators for how good a student thinks feeior she
geometry, relative to the trial task, based on the-Beffcription Questionnair@or German
version see Kunter et al., 2002; SDQ; Marsh, 1990; Marsh, Byrne, & Shavelson, TI988)
SDQ assesses s@lbncept as a trait construct involving habitual judgments of one's personal
competence in a given domaand accordingly, items were adapted to meet the domain
specific context of thetask (.. am quite good in geometryo)
Epistemic Emotions. Epistemic emotions that students experienced while solving the
complex proof task were measured using thetshersion of the Epistemic Emotions Scales
(EES; Pekrun et al., 201&ach item consisted of a single word describing one emotion (e.qg.,
curious, surprised, confused, anxious, frustrated, excitecedpaand were assessed as
intensity ratings (1 sot at allto 5 =very strong.
Intrinsic Motivation. In order to measure situational motivation to perform the task,
the intrinsic motivation subscale was employed from the Situational Motivation (St&18;
Guay, Vallerand, & Blanchard, 2000ntrinsic motivation assessed the degree to which a
student reported to having solved the task in order to experipleasure, satisfaction and
mastery inherent in the activity (e.g., A B
items were adjusted to fit the task specifi
engaged i n t hlilestedia selepdrt DroSpoinalikert Scates (1 strongly



Chapter3: Study 2i Hot Reasoning in Mathematics a7

disagreeto 5 =strongly agregso that a higher score represents a stronger endorsement of the
motivation scales.

Attention. As an indicator for the amount of cognitive resources allocatéletoask,
studentdos attention was assessed based on
attention(Wild & Schiefele, 1994)In particular, the scale refers to the lack of concentration,
distractibility and taskrrelevant thinking during the comgien of the task. Participants
responded to four items by wusing 1 (strong
was hard for me to stay focused during the
score on the scale represent more #tiarallocated to the task.

Mathematical Proof Performance. Geometryis that part of school mathematics where
students usually encounter proofs for the first time and accordingly, learn how to apply
knowledge in order to prove mathematical theor@reinze, Anderson, & ReissP@4) The
present proof task was developed based a geometric figurd-i(gge 3.2) providing the
frame which must be exploited for arguments belonging to a set of deteedems
concerning this problem spa®oero, 1999; Klahr & Dubar, 1988)and based on which the
proof must be formulated [Task: Proof tha&EF = BFE is true].

Figure 3.2: Geometric Figure: Parallelogram with two equilateral triangles.

A coding scheme was developed based on whickata were double coded by two
independent ratersresulng i n a high interrater adgr eeme
ranged from .74 to 0.964 = .83,SD = .11) indicating overall a very good reliability of the
coding scheme (sedppendix Cfor coding scheme)Basal on these rated variables the

following three measures were computed: 1) the number of arguments logically constructed to
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formulate the proof (based on premises and conclusions); 2) the number of arguments to
which a mathematical justification had beemedi (i.e., a direct reference to a mathematical
theory); and 3) the quality of those arguments, (irgegration of argumentsParticipants

took on average 23 minutdd € 23.67,SD= 11.00) to solve the proof task.

3.5 Rationale for Analytic Approach

3.5.1Preliminary Analyses

First, the intensities of frequencies of specific epistemic emotions as experienced during
the complex reasonintask were outlined inFigure 3.3. For investigating whether control
moderated relatits between value and epistemic emotions (Hypothesis 1), multiple linear
regression analyses were conducted using SPSS Version 24. Each epistemic emotion served
as a dependent variable predicted by control, value and their respective product terms to test
interaction effectgAiken, West, & Reno, 1991)n constructing the produatrim, the product
of individual (zscored) standardizgde., mearcenteredyariableswas used. A significant C
X V interaction would indicate that control and value combine multiplicatively in predicting
epistemic emotions. In preparing the main analgsigpresented in the theoretical research
model (sed-igure 3.1), confirmatory factor analysis (CFA), performed wittplus (Muthén
& Muthén, 2013) were used to test the psychometric properties of, and relationships between,

appraisals, epistemic emotions, motivation and attention, as well as performance.

3.5.2Main Analyses

Structuralequation modelling (SEM), performed withphis (Muthén & Muthén, 2013)
was used to test ¢hoverall model representing a sequential analysis of the mechanisms
determining the rise and effects of epistemic emotions consistent with the theoretical
considerations from CVT (for a similar sequence of variables, sedMatp, Psaradellis, et
al., 2015) Specifically, we modeled control and value appraisals as cognitive antecedents to
epistemic emotions, while in turn, epistemic emotions predictathsic motivation and
attention, which in turpredicted task specific performance. The seven epistemic emotions as
well as control variables (gender and prior knowledge) were treated as single indicator latent
variableswith perfect measuremerfe-= 1, U= 0). Measurement models were built for
appraisals, motivation, attention and performance. Covariates were included in the model by

directional paths to all constructs in the model Ggere3.1).
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To edimate the model parameters, the robust maximum likelihood estimator (MLR)
was employed, accounting for nonrmality of the observed variables and the ordinal nature
of the scales with which all continuous variables were asse$sedvaluate the fit ofhe
models we investigated both absolute and incremental fit indices, including the comparative
fit index (CFl), the Tuckéri_ewis index (TLI), the roetneansquare error of approximation
(RMSEA), and the standardized reutansquare residual (SRMR). Despitlebates on cut
off values(Heene, Hilbert, Draxler, Ziegler, & Buhn&011; Lance, Butts, & Michels, 2006;
Marsh, Hau, & Wen, 2004)adequate and excellent fit of data, respectively, are typically
considered in the following r angeMarsh&au, CF I
& Grayson, 2005; Marsh et al., 2004nd (b) RMSEA and SRR < 0. 08 and
respectively(Hu & Bentler, 1999; MacCallum, Browne, & Sugawara, 1998 adopted
recommendations by Trautwein and colleag2€4 2)that at least two of these criteria should
be met to consider a model to have a reasonably fijioi the observed data.

Last indirect paths were examined based on a percentile bootstrapping method based on
10,000 resamples by creating 95% confidence intervals around the estimate of the indirect
effect (Hayes, 2013)Confidence intervals that cross zero indicate a statistically significant

indirect effect.
3.6 Results

3.6.1Preliminary Analyses

Analyses to determine psychometpooperties (se€lable 3.1) showed a relatively
symmetrical distribution (skewness and kurtosis ranged #b@0 to 2.25), theexception

being anxiety and boredom scale which were positively skewed.
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Complementaryfrequencies of the intensities of epistemic emotions are depicted in

Figure3.3.

60 -

50
40 +
—curiosity
e——cnjoyment
30 4

surprise®

confusion
=anxiety
20 - -
/ // ‘ e frustration
boredom
10 -
S~

not at all very little moderate strong very strong

Note *Surprise can be classified as either a positive or a negative activating epistemic emotion.

Figure 3.3: Intensitiesof epistemic emotions during the complex reasoning tastribution

of intensities of positive activating emotions (curiosity, enjoyment, surprise), negative
activating emotions (confusion, anxiety, frustration) andatieg deactivating emotion
(boredom) during a proof task in mathematics.

Here, the broad range of reported curiosity, enjoyment, surprise, confusion and
frustration indicate relatively high levels of variation in the intensities of these emotions
across wdents. Boredom and anxiety were the least intensely experienced emotions (more
than 80% of students reported to not have experienced either emotion at all or only very little)
and curiosity was the most intensely reported epistemic emotion with more/Sharof
students indicating moderate to very intense occurrence of this peasgitivating emotion.

We verified the reliability for each scale by calculating Cronbach’s alpha coefficients
indicating a very high degree of internal reliability within akmm s ur es ( Crenbac
.95). Further, findings show that scale items had good part whole corrected item total
correlations for all scales, with none thfe correlations falling short of the .6 threshold.
Additionally, confirmatory factor analyses realed adequate fit for all scales (Skable 3.2)

and factor loadingger e al | s&8). sfactory (& >
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No gender differences were found between value appraisals, epistemic emotions,
intrinsic motivation or atteman, prior knowledge, nor performance outconad p > .10)
However, females reported to have a lower academixcagelfept relative to their male peers
(t (76) =-2.89,p =.005,8M = -.43, Clgsy, [-.721, -.133)) and consequently, gender was

included as @ovariate on academic s&bncept

3.6.2 Multiple Regression Analysis

The multiple regression findings for each emotion model are presenieable 3.3.
The sevemodelsassessedhow theeffects of controlandvalueas appraisal aeatedent®n
the emotionsof curiosity, enjoyment, surprise, confusion, anxiety, frustration and boredom.
Control andvalue hadsignificant positive effects on curiositfy € .26/.53 for control/valugy
< .01). These main effects on curiosity were further qualified by a control x value interaction
(b =.20;p = .05). Control and value also showed significant positive effects on enjoyinent (
= .36/.26 for control/valuep < .01). While surprise was positively predicted by valbe=(
.27;p < .01) boredom was negatively predict®éd=(-.27;p < .01). Furthermore, control and
value showed negative effects on confusin=(-.25, p = .03b = -.19, p = .09 for
control/value). Haever, as only onsignificant moderated effect was found, all appraisal
effects were modeled amsain effects onto the epistemic emotions in the structural equation

model.
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Table 3.3: Results of multiple lirex regression analyses predicting epistemic emotions by
control, value and their interaction

B Sk b
Control .30 A2 .26**
Curiosity Value .62 A1 R Y ke
Control x Value .22 A1 .20*
R2 .32
Control 41 A2 .36***
Eniovment Value .29 12 .26*
Joy Control x Value .15 12 14
R2 .18
Control -.14 14 -12
Surorise Value .32 14 27**
P Control x Value .05 14 .05
R2 .09°
Control -.28 .13 -.25%
Confusion Value -21 .13 -.19°
Control x Value .03 13 .03
R2 .10
Control -.03 .09 -.04
Anxiet Value A1 .09 .15
y Control x Value .05 .09 .07
RZ -
Control -.22 .15 -.18
Frustration Value .03 .15 .03
Control x Value .01 .15 .01
RZ -
Control -.07 A1 -.07
Boredom Value =27 A1 -.27%
Control x Value -.14 A1 -.15
R2 .08°

Note. All outcome and predictor variables were standardized (z scorec
constricting the product term for determining the interaction effect, the pro
of the individual (z scored) standardized variables was used. The product
were not restandardizedB is the unstandardized arfis the standardize:
coefficient R2is only reported for significantp <.05) models (ANOVA). p
<.05, *p<.01, ***p <.001, °p < .09.
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3.6.3 Correlating Latent Constructs

As recommended before testing a structural md@ehreiber, 2008)standardized
latent bivariate correlations were calculated and are showralie 3.4. Academic sek
concept ad value were unrelated € -.05,p = .72) indicating that both constructs seems to
exert rather independent effects on epistemic emotions, thus supporting the findings from
regression models.

The epistemic emotions were related in the expected directmmexample, positive
activating emotions (curiosity and enjoyment) were positively correlated.§1,p < .001)
while boredom, a negative deactivating emotion, showed a strong negative relationship to
curiosity ¢ = -.48,p < .001) as well as excitemiefr = -.40, p < .010). Negativectivating
emotions were less consistently, but uniformly negatively, correlated with pesitivating
emotions. For example, frustration was negatively related to excitement45, p = .020).
Additionally, confusionwas negatively related to excitememt X - .26, p = .022) and
curiosity ¢ = - .25,p = .030). Surprise, an activating emotions that can either be positive or
negative, was positively related to curiosity=.26,p = .012) but also positively related t
confusion ( = .29,p = .008). Boredom, the only negative deactivating emotion, was unrelated
to all negativeactivating emotionsr(< .11,p > .268). While frustration was positively related
with confusion and anxietyr gnfusion= -48,p < .001/ranxiay = .21, p = .026), confusion and
anxiety were unrelated € .20,p = .10).

Intrinsic motivation was strongly related to positive activating emotions.74,p <
.001) and negatively related to boredom as well as confusien.B5, p > .002). A ratler
similar pattern emerged for attention, with positive relations with positive activating emotions
(r > .34,p < .007) and negative relations with boredom as well as confusien.83,p <
.006) while additionally a strong negatively relationship waséwith frustrationn(= -.43,
p =.001). Intrinsic motivation and attention were positively correlated.47,p < .001) both
of which were positively related to task performance (41,p < .001).Prior knowledge was
positively related to task perfmance ( = .31,p = .005) and consequently its influence as a
confounding variable was included to account for the variance in the performance outcome.

The time students spent with solving the complex reasoning task was unrelated to task
performancer(=.02,p = .894) as well as all other measures except for a marginally negative

relation with enjoymenfr =-.19,p = .052).
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3.6.4 Structural Equation Analysis

By the above mentioned model fit criteria the overall model showed a good fit to the
d a t %267) ©353.73p <.001; RMSEA = .06 with 90% Confidence Interval [.044, .081],
SRMR = .08; CFl = .93, and TLI = .91. Concerning the direction of the observed
relgionships, the specific beta coefficients, estimated using the STDYX commanglus, M
are shown imable3.4.

The hypothesized model includes linkages between appraisals and epistemic emotions.
For example, curiosity and enjoymen wer e posi ti vel YuosRF .B2bi=ct ed
. 05 Qioyment®.33,p= . 004) awms=582ap<ue ORks= .B5 p=.037).
Further, val ue was a posi26pwed2dpane @ hegativie o r 1
predi ct or f or-.26,px.818)oMoredvér, confusion was negatively predicted by
cont ma29,p€<b. 01) and approached a signid-i cant
21, p = .072). Anxiety and frustration were unrelated to both appsaisaluded in the
model.

With regard to outcomes of epistemic emotions, we found significant direct effects of
curi osA%prx.000b and e x e i38 p=n0dhdn intfirfsic motivation; while,
in turn, attention was predicted by frustratipré -.29, p = .007 e x ci¥.29npe=n t (b
016 as wel | =26, p=a014 Surpnse,(cdnfusion and anxiety did not predict
either intrinsic motivation oattention(r < .12,p > .118) Last, performance was positively
predicted byintm s i ¢ mo t=i.64,p1.05® nao b atREt0P N (b
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3.6.5 Estimates of Indirect (Mediated) Paths

Indirect paths were examined at two stages of the model: (i) Appraisals to intrinsic
motivation and attention via the mediating role of episteemotions, and (ii) from epistemic
emotions to performance, via the mediating role intrinsic motivation and attention. The total
indirect paths from appraisals to motivational and cognitive mechanisms, revealed that
epistemic emotionmediated relationfomc ont r o | t o moSE+ 10a35% €In , b
[.122, 1.288].The total indirect effect from value to motivation via the mediating role of
epi stemic emotions w&Es.1@ bB58dC[.205%, @50]Indilect pathd , D
fromcontroltoat ent i on via the mediati ngSE=d8,85%0f ey
CI[.050,1.352land value to attention via the mediz¢
SE=.12, 95% C[.029, 1.015)were also statistically significant.

Additionally, (i) indirect effects from epistemic emotions to performance, via the
mediation role of attention and motivation, revealed effects only for posititreating
emotions. Specificallythe total standardized indirect effect of enjoyment on performance was
mediated by intrinsic motivation and attentigh = .33, SE = .18, p = .062, Cse [.019,

3.250]), whereas thmtal standardized indirect effect of curiosity on performance approached
significance(b = .33,SE=.18,p = .068,95%ClI [-.028, 4.828]).
Overall, he specified model explained 36.3% of gfrperformance, 76.7% of intrinsic

motivation,and 50.66 of attention during the proof task.

3.7 Discussion

The present research aligns with a recent emphasis on understanding how affective,
cognitive and motivational processes interact during reasoningeamirig to consequently
impact performance (Ainley, Corrigan, & Richardson, 2005; Buff, Reusser, Rakoczy, &
Pauli, 2011; Frenzel, Pekrun, & Goetz, 2007; Huk & Ludwigs, 2009; Jarvenoja & Jarvela,
2005; Pekrun, 2006). Therefore, this research addressedgelylarnexplored field in
empirical educational research, n a-specifiy ant
epistemic emotions while solving a complex reasoning task in mathematics. For the first time,
some of the key theoretical propositions o@tinnP e k r un 6 s muettapplied t8 0 0 6 )
investigatethe antecedents and effects of epistemic emotions simultaneously during an
epistemic activity. More specifically, the present study explored the interplay between
appraisal constellations, epistemima@ions, attention and intrinsic motivation in predicting

the quality of proof performance.
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3.7.1Control and Value as Antecedents of Epistemic Emotions

The first research question was based on @@é§sumptions that control and value are
antecedents to episteznemotions. These cognitions are thought to play a decisive role in
appraising the cognitive incongruities as elicited during complex tasks. Findings were most in
line with our theoretical assumptions regarding the experience of curiosity. We foundethat th
interaction between control and value was a strong predictor for the experience of this
positive activating epistemic emotion while working on the complex mathematical task. Here,
we want to highlight that this appraisal interaction predicted curiofitbvea and beyond
controlling for the respectiveonditionaleffects of control and value. This result indicates an
added multiplicative impact of appraisals on curiosity consistent with classical appraisal
theorieg Ellsworth & Scherer, 2003; Shuman & Scherer, 2014)

While an interaction of control and value in predicting curiosity has been suggested in
the literature numerous timg8run et al., 2008; Grossnickle, 201&)has, to our knowledge,
never been presentéske for insignificantriteraction effect Muis, Psaradellis, et al., 20¥5)
recent study providing similar findings of everyday positive emotions suggested that such an
interaction effect might be interpreted in two wg@oetz et al., 2000 Fi r st , a s
perceived control over the mathematical task may have contributed to the experience of
curiosity, if the cognitive activity was of rather high importance. Alternatively, this interaction
could al so suggest aludaokeathe nmthamdtieah dcts/ity mapyehave & i v «
larger impact on the experience of curiosity when students felt competent (high control) as
compared to unqualified in solving the task (low control). SBiaterpretatios arein line
with the theoretical assptions that postulate moderating effects of control on value
appraisals in the experience of epistemic emotiBe&run & Perry, 2014)

In addition to this interaction effect, our results suggest that the relation between
appraisals and emotional experienaesrelation to a complex mathematical taskan be
understood in terms of the relative unique contributions of appraisal mechanisms in
explaining the rise of epistemic emotions. With respect to the unique contribution of
perceived control appraisals, we found, in line with our hypotheses, positive relattbns w
enjoyment (in addition to curiosity) and a negative relation with confusion. This means that
the more students perceived the task as controllable, the more curiosity and enjoyment was
experienced and the less likely students experienced confusionwdriking on the task.
These results do not only support theoretical assumptions from CVT for theraadarched

group of epistemic emotions, but are also consistent with previous research investigating
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antecedents of epistemic confusiiuis, Psaradellis, et al., 2018 well as enjoyment
(Ahmed, Werf, Minnaert, & Kuyper, 2010; Artino & Jones, 2012; Buff, 2014; Buff et al.,
2011) These results provide eiripal support for perceived control as a critical antecedent of
epistemic emotions during a complex reasoning task. This further implies that enhancing
perceptions of personal control during complex reasoning and problem solving may be an
effective way inwhich adaptive emotional experiences can be fostéBezt et al., 2013;
Goetz et al., 2010)

Additionally, all positive emotions, nanyeenjoyment and surprise (in addition to
curiosity) were positively related to perceptions of valaerther boredom was negatively
related to greater value. These results suggest that students tended to experience more positive
activating emotions aneés$s boredom while working on the complex mathematical task when
they considered the task to be important. Thus, our findings have critical implications from an
educational perspective as adaptive emotional experiences during complex tasks can be
modulatedby making the personal relevance of such tasks, or learning activities more
generally, salient to students. This might be of most critical importance to scientific practices
in STEM disciplines as here cognitive incongruity is prevailing by definition]enddi the
same time scientific knowledge and understanding have been described as one of the most
important educational outcome in the2entury (Ibrahim, Aulls, & Shore, 2016; Trilling &

Fadel, 2009)

3.7.2 Consequences of Epistemic Emotions on Attention and Intrinsic Motivation

Our second research question addressed the consequences of epistemic dorotgpns
the complex mathematical task, and whether emotions were predictive of attentional and
motivational processes during task completidme findings corroborate that different
discrete epistemic emotions relate to different mechanisms determiningrabess of
complex reasoning. When controlling for the influence of control and value appraisals,
curiosity and enjoyment were related to intrinsic motivation, and additionally enjoyment,
frustration and boredom correlated with attention directed tovthedsisk while solving the
problem.

In line with our predictions and previous research suggesting that curiosity is an
emotionaimotivational statdKashdan & Roberts, 2004; Litman et al., 2Q0&)riosity was
found to be a gsitive predictor of intrinsic motivation. We interpret these results to suggest
that, in the face of a complex task, students experiencing curiosity will more likely be

intrinsically motivated to resolve discrepancies in their cognitive incongruities fiflding is
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of great importance for fundamental research asight stimulate experimental research to
untanglete he feeling component of the epistemic
and acquir e n(eitman, 2010,0pr 8&)The prasent findings indicate that
curiosity and motivational drives might not be a unitary construct p@messnickle, 2016)
Instead, our findings allow the suggestion that curiosity might be an indicatorriofimt
motivation (Hidi & Harackiewicz, 2000; Schiefele, 2009; S. A. Turner & Silvia, 2006)
However, this findig must be interpreted with caution as the correlatioaalre of our data
doesnot allow detectingcausal effectsMoreover,reciprocal mechanisms between curiosity
and intrinsic motivation are also plausible by means of regulatory functions betwemsitguri

and intrinsic motivatiorfHidi & Renninger, 2006)

Similarly, enjoyment and intrinsic motivation were also closely associated, however
less strongly than curiosity and intrinsic motivation. Hence, this finding suggests that
studentsyho experienced enjoyment, while working on the complex mathematikalese
also likely to experiencmtrinsic motivation. This result mirrors findings from a recent study
that, based on PISA data, reports strong positive relations between enjoyment and interest in
learning about science across several countries (Ain@l)2 Importantly, the present
findings additionally suggest a cognitive function of enjoyment in focusing attention to the
object of learning, namely the cognitive task. This closely mirrors definitions of enjoyment of
learning as this positive activatingmotion is ought to involve thoughts and cognitions
concerning the process of working on the concurrent achievement a¢Bekyun et al.,
2002a) Respectively, psitive emotions have been found to stimulate learners to invest more
mental effort in a learning tasiEfklides, Kourkoulou, Mitsiou, & Ziliaskopoulou, 2006)

This dual relation of enjoyment with cognitive as well as motivational mechanisms during
complex reasoning does not only set this epistemic emotion apart dirawsity, but explains

the indirect effect of enjoyment on task specific performance as mediated by intrinsic
motivation and attention. This finding in particular suggests that an important aspect of
studentsd engagement wi t hsthe mimpfengoymemantrifsie ma t i
motivation in addition to the focused attention on the {@skley & Hidi, 2014). Therefore,

these results point to the importance of botiotivational and cognitive components of
learning and problem solving andetimaintenance of enjoyment chgi complex cognitive
endeavors.

Unexpectedly, surprise was unrelated rteither attention nointrinsic motivation.
However, our findings indicate that the quality of surprise may be most important with

respect to its functio as a prototypical epistemic emotiBrun et al., 2008; Morton, 2010)
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Indeed, surprise was most strongly and positively correlatedtietionly other prototypical
epistemic emotions, namely curiosity and confusion. In terms of temporal dynamics, it has
been suggested that the first emotional reaction to an unexpected event is §dcpeser,

2001) This is in line with neuropsychological eviden@aranes et al., 2015¥escribing
surprise as a reactive process only. Pbgssurprise may act as a gateway which, upon

encountering novelty, elicits more epistemi
witho the detected infor mat i osuchde queositgd orng o
confusion.

For confusim, the null effects on attention and intrinsic motivation found in our study
may indicate that some studemsuccessfully resolved their confusion, while others may have
been unsuccessful in the attempt. This is consistent with the notion that confugiamigna
be beneficial to complex problem solving if the confusion is resolvé&ddé Me |l | o et al
Otherwise, confusion has been found to have harmful consequences for the quality of learning
(Muis, Psaradellis, et al., 2015Fonsequently, it may be important to distinguish adaptive
from maladaptive confusioh D6 Me|l | o et al ., 2014)

Consistent with predictions, fruation was a negative predictor of attentional
processes. This is a novel finding as studies have generally neglected investigating negative
activating emotions beyond anxiefPekrin & Stephens, 2012)Frustration has been
described to arise when goals are repeatedly blocked and therefore it does not seem possible
to overcome the respective obstacl® 6 Me | | o & G méne with this, the @dsdn )
finding might suggest that students who expegénitustration, supposedly upon repeatedly
running into impasses, produced goatlevant thinking, thus reducing the cognitive
resources available for the ta@kekrun & Stephens,022) Our finding might help to better
explain the underlying cognitive mechanisms from a previous study that has found frustration
to be a negative predictor for metagnition and selfegulated learningArtino & Stephens,

2009). In sum, our finding is in line with previous suggestions indicating that frustration must
be overcome in order to result in learning gdinGr aesser & .Do6Mel |l o, 201

For anxiety, we had hypothesized similarly negative consequences asstoation.
However, anxiety was found tbe unrelated tdoth attention and intrinsic motivation.
Possibly, the little variance in the intensity of the experience of anxiety may explain this null
finding. Upon speculation, it igossible thathe littteva i ance i n anxi ety st
misinterpreting anxietyas an achievement emotion, rather than describing the experience of
severe cognitive incongruities during task comple{ipekrun & Stephens, 2012tudents

were aware that solving the complex task was part of an empirical investjgatmas such
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knew that achievement evaluations, addressing their competence, were not to be expected,
thusexplaining the little variance

Last, and consistent with our prediction, previous reseféfcbn & Coskun, 2016;
Pekrun, Hall, Goetz, & Perry, 2014; Tze et al., @05hnd suggestions from CVT, boredom
was a negative predictor of attention. Our finding closely mirrors the observation that the
experience of boredom hinders effor(Fisherlit o n
1993, p. 3) Especially since attention was foun
performance on the oaplex mathematical task, boredom is clearly detrimental to

performance, particularly in liglaf complex learning activities.

3.7.3 Mediational Mechanism in the Process ofolving the Complex Task

Beyond investigating these separate paths, the purpose of udis whs to test a
theoretical model linking appraisals, emotions, attention, and intrinsic motivation to
performanceAccording to the CVT, studentsod6 epi st
on task specific control and value appraisals, and in tasitgal to influence their attention
and their motivation, which in turn affect performance. Therefore, we examined these
mediational mechanisms andvestigated if epistemic emotions mediated the relations
between control and value appraisals and intrinsativation and attention and second, if
intrinsic motivation and attention mediated the relations between epistemic emotions and
performance outcome on the complex reasoning task. Our findings supported these theoretical
suggestions and revealed episten@motions as critical mediators between appraisal
mechanisms and attention and intrinsic motivation. Further, attention and intrinsic motivation
mediated the effects of enjoyment on performance. Therefore, enjoyment is not sufficient for
high quality perbrmance by itself, since attention and intrinsic motivation are also necessary.
This implies that the influence of emotions on the process of learning and ultimately
performance is inevitably complex and requires more research to provide greater
understandng of how emotions shape studentso | e

to provide a research framework applicable for further investigating epistemic emotions.

3.7.4 Limitations and Directions for Future Research

The present study contributes to betiederstanding of the process by which emotion,
cognition and motivation together shape and contribute to the quality of task performance.
Nonetheless, research findings need to be interpreted in light of study limitations. Although

the research model of@éhantecedents and effects of epistemic emotions was derived from
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theory and supported by previous research, causal conclusions cannot be confirmed from
crosssectional datawhile appraisals indeed where assessed in line with suggested temporal
dynamics dung learning, namelas antecedents &pistemic emotions relative to an example
task, it is nonetheless important to note thatcausal interpretation explaining of the
antecedents and effects of surprise, curiosity, enjoyment, surprise, confusiorty,anxie
frustration and boredom is not possible du¢hi correlational nature of path analysése
findings of the present study do, however, suggest that specific appraisal constellations might
cause discrete epistemic emotions, which in turn may havelceffects on cognitive and
motivational mechanisms during learning. Therefore, future studies should manipulate this
sequential order as part of experimental manipulations to more closely examine the causal
directions connecting epistemic emotions witlgritive, motivational or behawral variables

during learning.

Second, the results show the influence of emotions on facets of possible processes that
influence learning and reasoning. In particular, our findings highlight functions of positive
and negatie epistemic emotions on attention and intrinsic motivation. However, as suggested
by the CVT, a number of other variables might also operate while working on complex tasks,
such as goal settings and metacognitegulation(Azevedo et al., 2013; Jarvenoja, Jarvela,

& Malmberg, 2015) activity or domain specific learning strategi@dalmberg, Jarvela, &
Kirschner, 2014)as well as effort and task engagem@#evedo, 2015; Wand;redricks,

Ye, Hofkens, & Linn, 2016)Assessing such productive mechanisms might provide an even
more finegrained picture on the function of discrete emotions during complex reasoning. In
addition, it might be equally important to simultaneously asgegsntially maladaptive
processes that occur during complex reasoning such as amotivation, disruptive strategies or
approaches to the problem that were rendered to be unsuccessful. For such purposes, think
aloud methods might be a means to capture Hudatrmechanismgsee for examples A. M.
Johnson, Azevedo, & DO6Mello,. 2011; Muis, Ps

Third, for the purpose of parsimony, the current study examirmd &ppraisals
predicted emotions and how emotions, in turn, predicted attention and intrinsic motivation.
However, consistent with the theoretical assumption of reciprocal caugBe&run, 2016;

Pekrun et al., 2002a; Pekrun & Perry, 2Q1dmotions are conceived to be dynamically
emerging and dissolving over time with recurriagpraisals of unique characteristics of
learning situations(for a more detailed discussion see chapte#)ile a crosssectional
snapshot of the functional importance of epistemic emotions during a complex reasoning task

is a critical first step, futer studies may want to acknowledge the continuous and quick
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changes in appraisals which constantly fluctuate throughout task completion, which might
better account for emotional dynamics during learfinD6 Mel | o & Gr aesser,
& D6 Me I12). dHere, arDimportant aspect to consider might be to assess appraisals
specific to situational difficulties encountered during reasoning (e.g. impasses or cognitive
incongruities). Just as setégulatory processes vary as learning progre@selsl. Johnson et

al., 2011)discrete emotions might have different functions in specific periods of learning
(Pekrun &Stephens, 2012)

3.7.5Conclusions and Implication

To conclude, the findings of the present study confirm the assumption that discrete
epistemic emotions have specific functions and can act to energize, direct, or undermine
learning. Specificallya better undrstanding of the processes that operate while students
reason over complex problems hinges on the dynamic interplay between the emotions,
cognitions and motivatiorin sum, findings from this study indicate that positive epistemic
emotions, such as curitg and enjoyment, are associated with more adaptive cognitive and
motivational mechanisms, whereas, negative epistemic emdaticts/ating and deactivating
alikei have been found to be impede adaptive mechanisms. Therefore, evoking curiosity and
fosteing enjoyment of learning is a means of promoting adaptive learselated

mechanisms that will ultimately benefit the quality of learning and performance.
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4 Study 3 7 Enjoyment sparks learning and learning fuels
enjoyment: Dynamics of achievement emoti®) learning

strategies, and class participation over time

4.1 Abstract*

Based on thecontrolvalue theory of achievement emotio(GVT,; Pekrun, 2006;
Pekrun & Perry, 2014and models of selfegulation (Cleary & Zimmerman, 2012)we
hypothesizd t hat studentsd6 achievement emotions
classroom activities are linked by reciprocal causation over time. We expected that these
relations ar e me d i a togndive leaynings stratedjiesiihe spéesentl s e |
longitudinal study f = 1,014 year 5 and 6 primary school studem¢sted the proposed
reciprocal relations linkingachievement emotions and class participation over one school
year. We also investigated the mediating role of cognitive learning stia{eggenorization
and elaboratiomjvhich can help to explain hoemotions and participation mutually reinforce
each other over time. Structural equation modeling indicated that enjoyment reported near the
beginning of the school year positively predictedslparticipation at the end of the year, and
that this relation was mediated by the use of learning strategies in the middle of the school
year. Additionally, class participation at the beginning of the year positively predicted
enjoyment, and negativelygxicted boredom, at the end of the year, and these relations were
also mediated bgognitivestrategies repted in the middle of the year.

Results provide support for the reciprocal relations between emotions, use of learning

strategies, and participatioin class activities as proposed by the contaedlie theory of

achievement emotionsl hi s hi ghlights the role of e mo
behaviour al engagement as well as student s
emotions.

4.2 Introduction

The aim of this study was to examine the reciprocal relations between emotion and
classroom participation over one schgelar. We also investigated the mediating role of

cognitive strategies in the relations between emotions and participationvedls as

% This study was conducted together with Prof. David Putwain, Dr. Wendy Symes and Prof. Reinhard Pekrun.
Prior towriting up this study, we decided on a ~5000 word manuscript.
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participation and emotionfBoekaets, 2016; Goetz, Hall, et al., 2006; Ranellucci et al.,
2015) Such dynamics may be relevant to better understand the energizing or undermining
functions of emotions for cognitions and behaviors during learning and classroom activities.

It has been suggesl that the emotions students experience during learning and
classroom instruction and their participation in classroom activities are tightly coupled, in that
emotions are proposed to influence class participation, and that class participation, in turn,
influences emotiongReschly, Huebner, Appleton, & Antaramian, 2008; Skinner, Furrer,
Marchand, & Kindermann, 2008However, it is important to also examine the processes
through which such dynamics are cezghand maintained in the classroom. Hereie focus
on the use of cognitive strategies as possible mediators. Emotions have been found to affect
the strategic use of learning strateg{Bgkrun, 2006; Pekrun, Goetz, Titz, & Perry, 2002)
such as memorization or elaboration, and use of these strategies should girolddes with
a sense of being able to master the demands of academic(Baskewski, Chan, &
Muthukrishna, 2000; Zusho, Pintrich, & Coppola, 2Q00Bus positively influencing the
participation in class activities. In other words, the effects of these emotions may be mediated
by cognitivestrategies, which in turn facilitate or inhibit active classroom participation. Such
mediational mechanisms have received little empiricalntatte (Pekrun & Linnetrink-

Garcia, 2012)especially from a longitudinal perspecti®ekrun, Hall, Goetz, & Perry, 2014;
Pekrun & Schutz, 200 9nd using yourgr-aged student@Vang & Degol, 2014)

In turn, class participation, referring to the active and agentic role of the student, may
influence the emotions students experience in the classfi@eknun & LinnenbrinkGarcia,

2012) Specifically, active class participation might instigate enjoyment, while withdrawal
from class participation may trigger boredom. In terms of mediating processes, active
participation is thought to influence stude
turn influences their emotional respongég¢ang & Degol, 2014; Wang, Willett, & Eccles,

2011) Accordingly, we also investigated how achievement emotions were influenced by
studentsdé active participai(Pekoun 208 medi at ed

In sum this study addresse reciprocal relations between achievement emotions and
class participation to better understand how emotions and participation mutually reinforce
each other over the period of a school year in a group of primary school students. We
investigated these legions in the context of learning in mathemat{&kinner & Pitzer,

2012) In the following sections, we first define the key constructs used in this research and
describe how they can be linked in termhseziprocal effects over time.



Chapterd: Study 3 Enjoyment sparks learning and learning fuels enjoyment 69

4.2.1 Achievement Emotions

Achievement emotions are emotions that are tied directly to achievement activities and
outcomes(Pekrun et al.2002) Enjoyment and boredom are the most frequently occurring
emotions during classroom learning and activities and likely to exert a strong influence on
cognition and classroom participatigfrenzel, Thrash, et al., 2007; Pekrun, Goetz, Titz, &
Perry, 20@b; Pekrun & Schutz, 2007CVT differentiates between discrete learnmetated
emotions along dimensions of valence (pleasant vs-pteasant), activation (activing vs.
deactivating), and object focus (activity vs. outcorfigkrun et al., 2002; Pekrun & Perry,
2014) Enjoyment is defined as a positive, activating emotion, whereas boredom has been
conceptualized as a negative and deactivagimgtion triggered by ovepr undefstimulation
during an activitVogelWalcutt et al., 2012)

4.2.2 Classroom Participation

Classroom participation ihé core component of behavioral engagement describing
involvement in classroom activities and learni(igedricks, Blumenfeld, & Paris, 2004;
Skinner, Kindermann, & Furrer, 2008)he original definition fronFinn (1989)characterized
involvement in classroom activities by active student behaatiahe class level(Skinner,
Furrer, Marchand, & Kindermann, 2008and is now typically operationalizetthrough
tangible and observable classroom behaviours such as putting energy into action, persistence,
attention and effort, for example by asking questions or contributing to diasassion
(Appleton, Christenson, & Furlong, 2008;efricks et al., 2004)Active participation in
classroom learning and activities has been found to be a strong predictor for positive
educational outcomef~inn & Rock, 1997; Wang & Holcombe, 2010hcluding student
learning, grades, achievement and academitsskind even school completigReschly &
Christenson, 2012)

4.2.3 Cognitive Strategies

Cognitive strategies contribute to the process through which students become
cognitively and strategically immersed in learnif@@eary & Zimmerman, 2012; Eccles &
Wigfield, 2002; Pintrich & De Groot, 1990)n essence, strategies assist learners in carrying
out cognitive operations and determihew learners actively encode, process and store
information (Krapp, 1993; Pressley, Forrd3tessley, ElliotFaust, & Miller, 1985) Two
primary cognitive strategies are memorization and elaborédidalt, 2006) Memorization is

characterized by repetitive rehearsal and rote learning fetearned materials and
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information(N. J. Entwistle & Ramsden, 2015yhereas elaboration refers to strategies such

as paraphrasing, summarizing, or using analogies that build deep connections between prior
knowledge and coant to be learne@@ole & Sinatra, 198; N. Entwistle, 2000)Students

who use a greater variety of different strategies can better cope with numerous sets of
different problems they encounter during learning activities, rather than just a specific set of
problems(Siegler, 2003)

4.2 .4 Effects of Achievement Emotions on Class Participation

Positive activatingemotions, such as enjoyment during learning, have been found to
have an energizing function in directing adaptive learning behaviors, such as active class
participation (Pekrun & LinnenbrinkGarcia, 2014) Conversely, when students experience
boredom during learning and classroom activities, they are unable to sustain behavioral
participation overtime (Skinner, Furrer, et al.,, 2008)mportantly, when such emotions
reoccur frequently during classroom learning and activities, they become linked to those
learning expriences and behaviors (Meyer, 2014). These dynamics have been suggested to be
mediated by students thouednition repertoire, including the use of cognitive learning
strategiegPekrun & LinnenbrinkGarcia, 2012; Pekrun & Perry, 2014)

4.2.5 Emotions influenceCognitive Strategies.

Emotions in educational contisxcan enhance or impede learning by shaping the
cognitive strategies that students use when faced with a new chglReigan et al., 2002b)
Specifically, learnig-related enjoyment should promote cognitive flexibility and
consequently facilitate use of sophisticated learning strategies such as elal{Pekiom et
al., 2002). In contrast, negativdeactivating emotions, such as boredom, have been found to
induce superficial information processing and reduce the use of any cognitive learning
strategy(Pekrun et al., 2002Recent empirical findings have shown that enjoyment relates
positively, whereas boredom is unrelated or relates negatively, to cognitive strategies
(Chatzistamatiou, Dermitzaki, Efdles, & Leondari, 2015b; Goetz, Hall, et al., 2006; King &
Areepattamannil, 2014; King, Mclnerney, Ganotice, & Villarosa, 2015; Pekrun et al., 2011,
2002a; Reschly et al., 2008; Villavicencio & Bernardo, 2013)

A recent metaanalysis(Tzeet al., 2016)eports that investigations regarding the impact
of boredom on student learning behaviors among primary school students have received
insufficient attention and that most studies were csessional. In a notable exception,

Ahmed, van der Wirf, Kuyper and Minnaert (2013) examined the impact of emotions on
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studentsdé (aged 12 to 13 years) use of cogn
i ncrease in studentsd boredom was negati v
stratgi es, while the steeper the rate of decl

decline in deep as well as shallow strategy use.

4.2.6 Cognitive Strategies influenceClassParticipation.

It has been suggested that strategic approaches to learsirigimeenergized learning
behaviors in the classrooifPressley & Woloshyn, 1995; B. J. Zimmerman, 2000)is
assumption builds on sedfystem motivation theorig€kinner, Wellborn, & Connell, 1990)
explicating that individuals are born with the need to experience themselves as effective in
their interactions with the environmeftlliot & Dweck, 2005) and that the extent to which
they feel a sense of mastery influences the quality of their engagement in a given domain.
Specifically, this sggests that the usage of cognitive strategies during learning provides
students with information about themselves: as being competent in effectively enacting and
mastering demands of tasks and activities, and as being autonomous learners during activities
in the classroon{Ded & Ryan, 2000) It has been found that studentapacities to enact
cognitive strategies influences studemiarticipation in class (Skinner, Wellborn, & Connell,
1990).

4.2.7 Cognitive Strategies Mediate the Effects of Achievement Emotions on Class
Participation.

The experience of positivactivating emotions, such as enjoyment, has generally been
found to broaden thoughts and behaviors and to facilitate more flexible responses to
environments, thus allowing toetterattune thought and action to a given teag situation
(Baumann &Kuhl, 2005; Dreisbach & Goschke, 2004; Fredrickson, 2001; K. J. Johnson,
Waugh, & Fredrickson, 2010bAs such, enjoyment of learning may support students to
adopt the most appropriate strategy relative to task demandse @if learning, or the
studensd abilities. In contrast, negativeactivating states (e,gboredom) reduce the
motivation to engage further with tasks or activities, which will consequently undermine the
use of cognitive strategies (Pekrun, 2006; 2q$6gFigure4.1). These modulating functions
are theorized to ultimately affect classroom participation. As noted above, more usage of
cognitive strategies would be expected to reinforce, and less use to undermine, active

participation in mathent@s activities and task#lall et al., 2007; Ranellucci et al., 2015)
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4.2 .8 Effects of Class Participation on Achievement Emotions

A critical feature of the CVT is the proposed feedback loop that explains how
achievement emotions arise or are undermined durisgroam learning and activities.

Specifically, students have the potential to proactively ppetei in activities and
learning in mathematics classes, which, over time, increases the array of cognitive strategies.
That is, the selenacted cognitive sitegies should increase studepérceived competence in
effectively enacting and mastering demarad tasks and activitieg@Niemiec & Ryan, 2009;
Skinner, Wellborn, & Connell, 1990Accordingly, it can be suggested that students who
actively participate in the learning and activities of their mathematics classes, will, over time,
have a broader variety of strategies available to cognitively engage with mathematics lessons
and activiies. This, in turn, will provide greater feelings of control but also value of their
learning and activities in mathematics classes and consequently lead to an increase in
enjoyment, while feelings of boredom should decrd&xeetz, Pekrun, Hall, & Haag, 2006)
(seeFigure4.l).

Taken togetherall study variablesnfluence each other cyclically in that they form

feedback loops over tim@&kinner, Furrer, et al., 20083 pecifically, the relations of emotions
with strategy use and gaipation, and the relations of participation with strategy use and
emotionsimply that emotions and participation are expected to be linked reciprocally over
ti me. For both directions, studeaet®actasse o0°f

mediator.
4.3 Aim and Summary of Hypotheses of the Present Research

In the present study we investigate thexiprocal relations between achievement
emotions and class participation near the beginning and at the end of the school year, while
additionallyconsidering the mediating role of cognitive strategies as assessed in the middle of
the school year (sekigure 4.1 for theoreticalresearch model). The lfowing hypotheses
were tested:

H1: Enjoyment positively relas to class participation and boredom negatively
links with class participation.

H2: The relations of emotions with subsequent participation are mediated by use
of cognitive strategies (elaboration and memorization). (a) Enjoyment
positively predicts usef cognitive strategies; boredom negatively predicts

strategy use. (b) Strategy use positively predicts class participation.
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H3: Class participation positively relates to enjoyment and negatively links with
boredom.
H4: The relations of class participah with subsequent emotions are mediated by

strategy use. (a) Class participation positively predicts strategy use. (b)
Strategy use positively predicts enjoymemd aegatively predicts boredom.

As pronounced diff er ences ererces gninathesnaticsa n d
have been identifiedFrenzel, Pekrun, et al., 2007gender was included as a covariate.
Furthermore, as the sample included pupils froefthal two years of primary schooling in
England (Years 5 and 6), and as knowledge and control of cognitive strategies develop during
this time (Annevirta, Laakkonen, Kinnunen, & Vauras, 200&ye wa also included as a

covariate.
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4.4 Method

4.4 .1 Participants and Procedure

The current study is part of a longitudinal research project examining emotions and self
regulation in mthematics classes of primary school students in Years 5 and 6 in England
throughouta full school yearThe project was designed as a muléive panel studinvolving
selfreported assessmentgith three points of data collection separated by -foonth
intervals. Accordingly, achievement emotions (enjoyment and boredom) and classroom
participation were measureckar the beginning (T1) and at the end (T3) of the school year,
and cognitive strategies in the middle of the school year (§&BFigure4.1 for theoretical
research modelOverall, the sampleonsisted of 1,014 students (male 528, femalen =
486) from 55 different classrooms in 24 different schools (Year 5495; or Year 6n =
519). At T1, partigtants had a mean age of 9.76 ye&[S € .70) and thesthnic diversity is
representativef the student population of England as almost a quarter of all pupils came
from ethnic minoritiefUK government, 2013jwith participants being primarily Caucasian
(n = 783) and with smaller numbers from Asian=110), Blak (n = 40), or mixed heritage
backgrounds(= 81).

Due to the longitudinal design of the study, there is a certain proportion of missing data.
While participant attrition at T2vas relatively small ( = 60 lost participants), it was
substantial at the $at assessment of the study (T3) (n
confirmed that missing data were completely missing at randen®b).

4.4.2 Measures

Psychometric properties of all variables are presentélhbte 4.1. For d measures,
higher scores reflect a higher endorsement of the corresponding construct.

Mathematics related achievement emotionsThe enjoyment and boredom students
experience when attending or learning in mathematics classes were measured using the
respetive scales from theAchievement Emotions Questionnailathematics (Frenzel,

Thrash, et al., 2007; Pekrun et al., 20IMhe enjoyment of mathematics scale (total of ten
items) refers to attending class, studying, and takirtg tesd exams in mathematics lessons
(e. g., Al enjoy my maths | essonso) . The bo
measured boredom while attending class and

work we do in maths lessons bores me td dead ) .
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Learning Strategies in Mathematics.St udent sd6 use of cogni ti
mathematics were assessed by administering theegelft scales developed for the Project
for the Analysis of Learning and Achievement in Mathemd&#&sLMA, Pekrun et al., 2007)
The learning strategies subscales assess memorization as well as elaboration. The
memorization strategies scale refers to rehearsghrding declarative and procedural
knowl edge (six items; e. g., Al n maths | ess.
strategies scaléPekrun et al.,, 200Avas used to asses st udent s6 deep | e
related to the acquisition of declarative
|l earning new things in maths, I try to | ink

Class Participation in Mathematics. Partcipation in activities and learning during
mathematics classes was measured using an adayptesion of theEngagement Versus
Disaffection with Learning Questionnai(8kinner, Kindermann, et al., 2008ach student
reported on his or her own participation in class using five items tapping their effort,
attention, and persistence while initiating and participating in learning taegivin their

mat hematics classes (2 items for effort: il
| essons, I try as hard as | cano, 1 items
tasks in my maths | esBlonpay att emrtmson oirn ar
AWhen | '"m in my maths | eAldaanveere collectddivia sef n v €

report on 5point Likert Scales (1 strongly disagredo 5 =strongly agreg In the present
study all reliability coefficiet s f or al | measur eslabwélfer g o o ¢

psychoméric properties of all scales).

!> The original scaleoncernedparticipation in schoofjenerallyand consequently items were adapted to refer
specifically to activities and learning in mathematics classes.
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4.5 Rationale for Analytic Approach

Confirmatory factor analysis (CFA) and structural equation modelling (SEM),
peformed with Mplus (Muthén & Muthén, 2013)were used to test the psychometric
properties of, and relatiships between, achievement emotions, class participation and
learning strategies as latent factors. Specifically, we tested the reciprocal effects model
(including mediation) competitively against a baseline maddelyhich six additionadirect
paths, naraly all possible paths from the achievement emotions and classroom participation
at T1 to the achievement emotions and classroom participation at T3, were included (see
Figure4.1). Correlated uniquenesdsr paralkl items at T1 and T3 were included in the SEMs
to account for withirperson dependenci@glarsh, Balla, & Hau, 1996 Age and gender were
included as manifest predictors of T1, thereby controlling foramae attributable to these
socicdemographics.

Following recommended procedures for emotion sc@fskrun, Goetz, Frenzel,
Barchfeld, & Perry, 2011)esidual variances were allowed to correlate for all items that
represent one achievement setting (i.e., learning, classroom work, and testing). Analogous to
this gproach, both of the two itermeasuring effort and the two items measuring attention
during class participation (at T1 and T@)ere allowed to correlate. Similarly, the cognitive
strategies scales comprised items indicating strategies relative to deelarat procedural
knowledge and accordinglyesidual variances were allowed to caatelfor these respective
items.

As students were nested in classes, we corrected for the clustering of the data using the
Atype = compl ex o0 opus(Matmén & MuyphEne 2083 Toeedtimatenthe M
model parameters, the robust maximum likelihood estimator (MLR) was employed,
accounting for nomormality of the observed variables. We applied the full information
maximum likelihood method to deal with missing d@aders, 2006)

To evaluate the fit of the models we investigated both absolute and incremental fit
indices, including the comparative fit index (CFl), the Tudkeawis index (TLI), the root
meansquare error of approximation (RMSEA), and the standardizedmeatsquare
residual (SRMR). Despite debates on-ofitvalues(Heene et al., 2011; Lance et al., 2006;
Marsh et al., 2004)adequate and excellent fit of data, respectively, are typically considered in
the following range: (a) CF (Marshredal., 2003, 2064) . 9 0
and (b) RMSEA and SRMR <(H0& Betler,ald98; MacCalbn, re

et al.,, 1996) We adopted recommendations by Trautwein et al. (2012) that at least two of
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these criteria should be met to consider a model to have a reasonably good fit to the observed
data. For comparing the reciprocal effects and saturated models, we used the Akaike
Information Criterion (AICYAkaike, 1987)and the Bayesiamformation Criterion (BIC)G.

Schwarz, 1978)adjusted for sample size (Muthén Muthén, 2013) as these are both
methods of assessing model fit penalized for the number of estimated parameters. Low values
for die AIC and aBIC indicate a better model(Kelava etal., 2011 nd a | osX of &
is regarded as substant{l. R. Anderson & Burnham, 2002)

4.6 Results

4.6.1 Preliminary Analyses

CFAsrevealedgood fit for all scales (seEable4.2) with adequate factor loadingsa >
.4) providing a sound measurement base for conducting the. 88Mecommended before
testing a SEM(Schreiber, 2008)latent correlations beveen all measurement models (see
Table 4.3) were investigated showinglative stability over time for the repeated measures:

enjoyment { = .57), boredomr(= .46), and class participation= .60).
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4.6.2 Structural Equation Modeling for Mediation Analysis

The mediation model contained paths from achievement emotions to class participation
and from class participation to achievement emotions, as well as autoregressive relation (see
Figure4.2). By the above mentioned model fit criteria the mediation model showed a very
good f it 2%1968)t B6e4.0dha.01a RMSEA = .03 with 90% Confidence Interval
[.024, .027], SRMR = .05; CFIl = .94, TLI = .94, AIC = 102957.30, aBIC (adjusted sample
size) = 103407.18. Concerning the direction of the observed relationships, the specific beta
coefficients are shown ifrigure 4.2. The resultsevealed that enjoyment at T1 positively
predicted memorizatioh b 2%&p <..001)and elaborationat T b  =p =..004). Boredom
at T1 did not predict eitmen0)Clasy partitipatioeat st r .
Tl predicted memoOast wen | (Bs=el ADor pti on
.001) at T2.While controlling for the influence of emotions and class participation at T1,
memorization at T2 did not predict the emotions experienced @tfli@men= -.04,p = . 758/
Broredom= -08,p = . 461) but predictedlass participatioi b .3G;p =.008). Elaboration at T2
positively predicpt=ed 0Ontj)o yame nlt3 (bfd& p=n08&)4 ,b o r
norclass participatiomt T3 p5.668). . 05,

4.6.3 Comparison with Baseline Model

Upon additionally including the six direcaghs into the model, all of the goodneds
fit indicators r eii86R)reiD2.19e<d1; RMSEA .83 witha9te ( G
Confidence Interval [.024, .027]; SRMR = .05; CFl = .94; TLI = .94, AIC = 102953.69; aBIC
= 103414.11). While the baselimeodel showed slightly bettekIC and aBIC values, the
di fferences did not suggest a substantiall.
the mediational model did not fit worse than the less restricted baseline model, which

suggests that thmediationaimodelcan be acceptedhen, 2007)



83

Chapterd: Study 3 Enjoyment sparks learning and learning fuels enjoyment

"TO0™> sd |e ‘Ajpanoadsal ‘v pue ‘TZ" ‘L€ = 24 alam

lonedioiued sse[o pue ‘wopalog ‘QuawAolua 10} saaueleA paurejdx3 "saul] uayaugnypaloidap ate (60" < d) syred jueaiubis Ajjeansnels
HON 1&gpx@ g > d 1e uediubis Ajeonsnels ale Sjualdiyaod ||y "palolidap j1ou ate (sbe pue Japusb) salelleAod o) syred pue
awabebua pue suonows pareduiuies| £1 01 T1 wouj sipd padbeld A1ue|d 104 "NIS ayl ul Slualda09 yred pazipiepuels 2 ainbi4

] ssep) 1 =~ e ssepD 'L ™
uoneIoqe[y
} 0t ‘L
Ly- ~ 6G°-
oS8T~ 49
. wopaIo wopa1o
v9 o T Ve 6o
L S o L
et a.—wu
8%~ ' WO RZLIOWD A -
143 e
LT
Aof
q yuswukofuy _ yudwiAofuy >

uonedonieg

1

ot

o

uonedpnieg

1




Chapterd: Study 3 Enjoyment sparks learning and learning fuels enjoyment 84

4.6.4 Estimates of Indirect (Mediated)Effects

Indirect paths were examined from: (i) T1 emotions tocle®s participatiorvia the
mediating role of cognitive strategies and (ii), from¢ldss participatioto T3 emotions via
the mediating role of cognitive strategiddediating effects wereassessed based on a
percentile bootstrapping method based on 10,000 resamples by creating 95% confidence
intervals around the estimate of the indirect effétdyes, 2013)Confidence intervals that
cross zero indicate a statistically significant indirect effect. Total indirect effects investigating
the impact of emotions at T1 (i), revealed that T2 cognitive strategies mediatéohsefrom
T1 enjoyment to T3class participation b =SE= .03 95% CI[.017, .082]. Upon
investigating the specific indirect effects, it was found that mediation occurred based on the
specific indirect effect through memorization strateghes, = SE & 84, 95% CI[.016,
.178]. The total indiret effect from T1 boredom to T@ass participatiorvia the mediating
role of cognitive str atSEx02e95% @[a085,.032)t si gni f
The total indirect effect from T&lass participatioio T3 enjoyment via the mediating
roed cognitive <SE=.08t98%C[.688,, 41%wassstatisticdlly significant,
based on the specific i ndBbE=e05t95% C[032c2P1].vi a
The total indirect effect from T&lass participatioio T3 boredonvia the mediating role of
cogni tive s04,SBE=t.0206% G[;.010h-.263]was not statistically significant
as neither one of the specific indirect paths reached statistical significandeafded.4 for

all coefficients of total, total indirect and specific indirect paths).
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4.7 Discussion

The aim of this study was to investigate teeiprocal relations between achievement
emotions and class participationktetter understand how these mutuallynfeice each other
over the period of a school year, while accounting for the mediating role of learning
strategies.Specifically, wetested and found reciprocal relations betweetivity-focused
emotions and classroom participation reported at the begjramd end of the school year.
Furthermore, the findings provide empirical support for the mediating role of cognitive
strategy use as hypothesized in our theoretical modellofiggudinal study design accounts
for autoregressive and reciprocal effects emotions and classroom participati@md
therefore offers insight into their functioning over tirfi@ryan, Schmiege, & Broaddus,
2007)

Our first hypothesis, staig thatenjoyment relates positively and boredom negatively to
classparticipationwas supported. Enjoyment and boredom in the beginning of the school
term strongly correlated with class participation towards the end of the school year (relations
with enjoyment were positive, whereas relations with boredom were negative). This is in line
with a previous finding revealing that positive emotions may fuel students effortful
involvement in learning activitie€Skinner, Furrer, et al., 2008Jhis suggests that students
who enjoy mathematics classes and activities opt to participate actively in future activities and
learning, whereas bored students withdraw from active participati

In accordance with Hypothesis 2, findings revealed tognitive strategies mediated
the relationship between enjoyment experienced in the beginning and class participation
reported towards the end of the school year. This result supports the ngediathanisms
suggested by the CVT and reveal that learning strategies establish an important link between
student so e madom @artEipatiam dhe dirndiagsighlights the functional
importance of positive emotions by instigating cognitive praeedbat, in turn, determine
active classroom participatio®pecifically, Hypothesis 2a was supported as higher levels of
enj oyment reported in the beginning of the
cognitive strategies in the middle of tigear. Importantly, positive relations were found for
both memorization and elaboration strategies. These results resonate with the-bBrmaden
build account of positive emotiofgredrickson, 2001 )mirror findings showing enjoyment to
relate to a broad range of strategic learning behay@natzistamatiou et al., 2015b; Goetz,
Hall, et al., 2006; Reschly et al., 2008hd indicate that students who experience high

intensities of enjoyment respond more flexibly in employing different kifdstrategies
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relative to task demands, phase of learning, or given abi{Rekrun & Perry, 2014)This
suggests that enjoyment of learning is linked to frequencies in adaptive strategies which is an
important implication for research on sedgulated learningAhmed et al., 2013; Cleary &
Zimmerman, 2012urther, we predicted that the experience of boredom would be negatively
related to usagefdearning strategies. This was not supported and is therefore not consistent
with suggestions derived from CVT. However, this finding mirrors the-eftgicts from a
recent study using undergraduates studéRéamellucci et al., 201%)ut could potentially be
explained by the observed multicollinearity with enjoyment. It wowdrbportant to reveal
experimentally if boredom is negatively related or unrelated to strategy use, as this might be
an important link helping to explain why bored students perform worse or even drop out of
school(Ahmed et al., 2013; Pekrun, Goetz, Daniels, Stupnisky, & Perry, 2010; SicvuKaj
Rakoczy, 2016)

We expected that usage of cognitive strategies during activities in mathematics classes
promotes positive selferceptions, which in turn fuel participation in the classro@ur
study findings provide partial empirical support foistassumption in showing memorization
strategies, but not elaboration strategies, to positively predict an increase of active
participation in activities and classroom learning by the end of the school year. Possibly,
memorization strategies may indeednhere adaptive for tasks requiring learning off by heart
(e.g., multiplication tables) during initial stages of learniMyrayama, Pekrun, Lichtenfeld,
& Vom Hofe, 2013)or for learners who are still in the process of developingrselilation
such as elementary school childr@@ronson, 2000; Hadwin, Jarvelda, & Miller, 2011)
Accordingly, this finding may reflect the notion that the most adaptive strategies for actively
participating in classroom activities during elementary school may be memorization strategies
(Alexander, Graham, & Harris, 189Paris & Paris, 2001)To investigate this assumption,
future studies should use more figained measures of more specific strategies in
mathematics learning. Promisingly, candidate instruments are starting to diderger &
Karabenick, 2016; Wang et al., 2016)

Hypothesis 3, stating that class participation in the beginning of the school year
positively links with enjoyment and negatively boredoyithe end of the year, was supported
by strong correlations (class participation positively related with enjoyment and negatively
with boredom as repodetowards the end of the yeatore specifically, mediational
mechanisms linking class participatiamd subsequent achievement emotions, as stated in
Hypothesis 4, were partially supported as a positive indirect effect of class participation on

enjoymentas mediated by elaborative learning strategies found. These reciprocal effects
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support predictns derived from the CVT and help to
rise or are undermined in school over time. With regard to Hypothesis 4a, class participation
positively predicted strategy use, while these relations were stronger for elabtratidior
memorization strategies. Along hypothesis 4b, we found elaboration strategies to positively
predict enjoyment, whereas the negative relationship with boredom approached significance.
On a cautious note, multicollinearity between the two cogngivetegies might explain why
effects formemorization strategies might have been suppressed. Nonetheless, these findings
provide a first empirical account for the notion that the usage of cognitive strategies increases
subsequent enjoyment while possiblgntributing to undermining boredom. It has been
suggested that an increase in cognitive strategy use my elicit positive feedback from
classmates and teachers, and thereby further increasing the enjoyment of learning during
classroom instructiofiWang & Degol, 2014) Si mi | ar | y se ohmastdryuathce nt 6
control of learning content during classroom activities and instruction may increase with
greater usage of cognitive strategies and thereby fostering the joy of leéxiiemgec &

Ryan, 2009; Skinner et al., 1990)

The present findings indicate that the respective dynamics during learning over a school
year seem to mutuallyeinforce each other ev time, in thatstudents,who proactively
participate with mathematics classes and activities from the outset of a school year, also use
more cognitive strategies. This in turn positively impacts the joy of classes and activities.
These findings are inrle with propositions from CVT, suggestitigat more control of class
related actions and outcomes, which become automatic ang:fhective over time, give rise

to the enjoyment of learning while undermining bored®skrun & Perry, 2014)

4.7.1 Limitations and Directions for Future Research

Although the strengths of selképort instruments have been recognized for their

practical usefulness and for enabling lasgale testingSchellings & Van HouwWolters,

2011) it would be important to validatéuslents responses externally by meanstioér types

of assessment methods (Pekrun & Schutz, 2807trich, 2004; Schellings & Van Hout
Wolters, 2011; Zimmerman & Schunk, 201For example, videgupported observations
could provide alternative ways for measgr affective variables ousing data derived from
additional sources, for example, teachers, parenttogfiles from classroom discourse
(Azevedo, 2015)

Furthermore, the present study is limited by assessing only two achievement emotions

and it is important that future studies inveatey functional differences of other emotion
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groups (i.e. negativeactivating and positiveleactivating emotions). For example negative
activating emotions have been found to facilitate rigid ways to cognitively engage with
problems(Fiedler & Beer, 2014)and might therefore exert complex effects for cognitive
strategy use and class participation. Anxious students might therefore stick to the strategy that
first comes to mind for solving a problem which might therefore be adaptive or maladaptive
relative to the task, activity or phase of learning.

4.7.2 Conclusion

The present study contributes to our understanding of functional emotional reactions for
studentsdé6 adaptive |l earning and participat
mediating roleof cognitive strategies as predicted by the CVT. Our results highlight the
i mportance of fostering enjoyment and redu
boredom during learning and classroom activities throughout the year. Accordingly, &e hop
toencourage ducators to spark enjoyment and di mi
of learning strategies as well as their active participation duringsrdam learning and

activities.
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5 General Discussion

While it is a core principle in the CVihat emotions function contegpecifically, this
0 s i t u aftemotions ha® not always been directly addressed and therefore constitutes a
6quietdéd condition often only implic@tCly ac
Turner & Trucano, 2014)This dissertation lends itself to the notion that attending to the
6grain sizebd of the measur ement of emoti on
respective functions of emotions for learning proce¢géidides & Volet, 2005) Taking a
situated pespective of academic emotions into account, this dissertation aimed to elucidate
t he interrelations of | earner so emoti onal
behavioral processes that operate during learning in the academic context of math&matics
order to tackle the problem of contextually bound emotional experiences, the three presented
empirical studies investigated the CVTsb6 pl
for higher cognitive, motivational, and behavioral activityidawrg | ear ni ng, at d
of learning.The overall findings from the studies provide further evidence for the central
assertion of the instrumentality of emotions for learnjRgkrun, 2006; Pekrun & Perry,
2014) specifically that emotions effect and interlink with cognitive, motivational and
behavoral processes which together determine complex thinking, learning, achievement and
academic development. Most importantly, however, the findings accumulated empirical
evidence for these mechanisms across the postulated levels of situational specificity,
indicating that emotions do not only influence cognimetivational processes moment
specifically but that their effects carry over to determine habituated learning experiences as
well. Here, the most fundamental principle in the CVT concerning emefiects, as
outlined in the cognitivenotivational model by mediational principles seems applicable
across these levels. Indeed, the CVT is a powerful framework as it situates emotions in a
broader functional context of human adaptation by integrating wegnmotivational and
behavioral factors of learning that are described relative to their functional dependencies of
each other.

This specific emotioreffects portion of the CVT will now be more closely examined in
light of the presented empirical findjs, in order to revisit the, at the outset presented,
overarching framework that may help to unravel functional mechanisms of emotions across

different levels of specificityf. Then, the discussion will carry on to address issues beyond

'8 For a summaryf all findingsrelative tothe initially posedesearch questionglease see the overall summary
of this dssertation (pages EXI).
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the scope of the chmers of each study, to highlight how the empirical findings as well as
respective strengths and weaknesskeshe studies can help to outline avendes future
research. Thighapter will conclude with practical implications for educational practice in

mathematics derived from the three studies presented.

5.1 Reuvisiting the Specificity Assumption: Situating theempirical data for

Enjoyment at different o&éLevel so

In order to revisit, the at theutset presented overarching theoretic frame [sdde
1.2), to further discuss thé s i t u aft emaetional yexperiences during learning and to
specify this aspect of CVT more closely, the data accumulated in the three presented studies
relative to the discretgositive activinge mot i o n O(seep foroag avennetv Ainley &
Hidi, 2014)will serve as the running example and will be integrated into the presented model.
The framework suggests that, pestulated in CVT, cognitive, motivational and behavioral
mechanisms mediate effects of emotions on learning and performance. However, these
processes should be further unpacked accor
at which they aréunctioning, in order to better differentiate functions of transient emotional

states from more habituated emotional predisposi{iaasone & Thoman, 2005)

511Level 1: 6The intrapsychic Level b

The o6l owest 6 | elaeldl.2 alf) mighhatscberrefetred to a theelevel
of experiential states and attempts to elucidate the effects of emotions based on a cognitive
neurobiological approacbai & Sternberg, 2004Here, the multcomponential architecture
describing the different components of emotididisworth & Scherer, 2003; Fontaine,
Scherer, & Soriano, 2013; Frijda, 1986an help to specify how emotions support or impede
cognitive, motivational and behavioral processes at the brain(lBaetasio, 2001)In study
1, students were consciously aware of the feeling component of -theeetmked emotion
6enjoyment 6 -lsel washaxdicithe statetl ggarnof the emotion induction
procedure. However, the methodological approach employed took advantage of the
interrelated architecture of emotions in that the change of the feeling component was
supposed to synchronize all other components respecfseherer, 2004, 2009T herefore,
the change in the other components may have contributed to the underlying mechanisms in
our findngs. Here, however, it is important to note the changes in these components must not

necessarily result in observable action, which often makes measuring these emotion facets
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difficult (Shuman & Scherer, 2014Therefore, we refrained from directly measuring these
processes and instead diverged to an implicit appraddasting respective emotion effects,

in which the experimental tasks were designed to demand the processes, that were believed to
be 6set offédé due to the experience of enjo
components of enjoyment signify thegulatory impact of emotional episodes over cognitive,
motivational and behavioral processes that, together with the supporting function of the
motorexpressive and physiological component, result in action tendencies and impulses,
respectively. We haveexplained our findings, in that enjoyment resulted in greater
performance on the idea generation task, relative to changes in the cognitive component (see
chapter 5.2.1for a more detagd discussion of the theoretical underpinningsstudy 1).
However, previous research derived theoretic explanations also from the physiological
component, as it has been proposed that enjoyment increases levels of dopamine in the brain
thus resulting in creative functioniri@shby, Isen, & others, 1999%imilarly, enjoyment has

also been described to result in energizing action tendencies instigated through an approach
motivation (Elliot, 2006) which might also account for the effeatsour data(i.e., refers to

the action tendency component). The mottmponential conception of emotions explicates

how complex the effects of emotions are relative to this fundamenll [Therefore, future
research might investigate if the paradigm presented in stuzn be transferred to other
components of emotions with their own respective action impulses, in order to investigate if
the correspondingmechanisms also carry over tofluence judgements, decisions, and
reasoningFontaine et al., 2013; Pekrun, 2016)

51.2Lev el 2. STheapeowwnohevel o

Onelevel up (se€rable1.2; L2), emotionsarise, flictuate and change, in conjunction
with a functional context (e.g., a mathematical task). By definition, this level concerns activity
emotions, such as taske | at ed enj oyment, which has bee
properties of task material ortper ocess of deal i (Pekrunet a.,l2008au c h
p. 98) Accordingly, the focus of the effects of emotionsnoerns no longer mental
cognitive/motivational/behavioral functions only but additionally involves more molar
constructs such as volition, interest, and behavioral manifestations of learning.

In line with this definition, the second study presented he(eirapter 3), found
epistemic enjoyment to be an activating emotion that emerged relative to dealing with a
complex mathematical task and furthermore fostered cognitive and motivational task

engagement. Interestingly, results from the experimental stualyy(4t chapter 2) revealed



Chapters: General Discussion 93

that momentary and, importantly, taskrelated enjoyment did not affect the motivation to
engage in a cognitive task. This finding incidentally speaks against the notion that a positive
mood can be interpreted as task inte(@dst Schwarz, 1990)is in line with other findings
(Efklides & Petkaki, 2005and argues in favor of critically attending to measuring effects of
emot i onagp roolperviealt el y 6 . I n line with -oelated f i nd
enjoyment (i .e., of epistemic nature) icomi
sustai ns (Aeleys& Hidi, @014, @ 218215) This suggests that functional
mechanisms of taslelated enjoyment qualify by continuous competence appraisal of the
ongoing performancéElliot & Harackiewicz, 1994; Pekrun & Perry, 2014; Puca & Schmalt,
1999) Our findings directly speak to these appraisal mechanisms, as enjoyment was found to
be a mediator between contextual appraisals and motivation as well as cognition. Further, and
in |line with Pekrun and col | e a-elatedsedjoyfentd 0 2 )
not only enhanced intrinsic motivation but also directed attention towards the task, which in
turn enhanced the quality of task performance. Despite the correlational nature of our
findings, the indirect effect examining these links pdeg additional empirical support for

the postulatedequence of these mechanisms. Further research should set out to investigate
the functions of emotions for other variables operating at thissfaeséific level. For example,

based orsuggestions from CV/Tpossible candidates might be the effort invested in a task, the
metacognitive mechanisms operating during task completion orl¢hening strategies
employed during task engagem@riedler & Beier, 2014; Goetz, Hall, et al., 2006; Pekrun et

al., 2002a; Pekrun & Perry, 2014Ahccording to the spirit of the framework, in detecting
effects of tak-related enjoyment, thesmechanismswould need to be assessed task
specifically and should not di veg.gBergr & ass
Karabenick, 2016)

513Level 3: <4dDmaipeleom!| O

In order tobetter describe howmotionsare functional in the process of learning over
time, it is necessary to assume a more general perspective of emotional expariance
domain (seelTable 1.2.; L3)(Sansone & Thoman, 2005)ere, it has been suggested that
Awith repeated engagemenbesome interodrinected sith the [ €
cognitions and values gener @inleyd Hidii 2004, pe x per
216). Relative to the domain of mathematisach individual concepts habeen referd to
as a |l earners6 fmat e rdathainbdad onachamsmsocenstituie am
i ntegr al a s p e gegulated leasihguird reathensatiide Lerte fet al., 2011)
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Sef-regulation has been described to be one of the main goals efelondearning which
entalsmetc ogni ti ve awareness and the respecti v
t hat respect, the third st udyatherhaticsé learnsng di s s
related enjoyment promotes the usage of cognitive learning strategies which in turn
determined the engagement (operationalized as class participation) in future mathematics
classes and activities. Most strikingly, an indirect effagestigating these mechanisms over
ti me, found that cognitive |l earning strat
enjoyment in mathematics classes and class participation in mathematics.

These findingssuggestthat the emotional connotations tlae carried alon@ study
domaincontainpowerful functions in determining cognitive and behavioral learritggce,a
key feature of this oO0third orderd | evel foc
represented in semantic memory) eimmal experiences, that are, like other forms of
conceptual knowledge, learnt over time. As argued in the introductory chapter of this
di ssertation, emotions measured at this ge
beliefs (which are socieulturally constructed tative to the academic domain; Mesquita,
Boiger, & De Leersnyder, 201,6and thought to be caused by and exert influence on domain
values (Wigfield & Eccles, 1992) domain specifiseli-efficacy (Bandura, 1986; B. J.
Zimmerman, 1989)and domairspecific achievement goal¢Elliot & Dweck, 2005;
Harackiewicz & Elliot, 1993)Just as general goal orientations frame the mindset for future
learning, the presentedmpirical data strongly suggesitat the experience of subjective
enjoyment(repa t ed r el at i v e)functionsttdiefluedcthe genedal stragegies! 6
employed as well as learning behaviors that are shown, which overall determirsetf-the
regulatoy quality of a student that respective domain.

5.1.4In prospect

tisimportat t o note that the studies-ppreosamdt
approach of investigating thaterindividual dynamics of emotional and psychological
functioning. While intefindividual perspectives can explain individual differences in the
effeds of emotions, withifperson analyses provide a deeper understanding of the structure,
changes, and variations of emotional states within an individual over(Beiegun, 2006;
Pekrun & Schutz, 2007)Therefore, anintraindividual perspective should be mapped
orthogonally onto the presentedaiinework in order to elucidate mechanisms between and
within students for learnin@personal communication with Prof. Thomas Goetz on December

6th 2016 Goetz et al., 2016; Pekrun, 2006§uch an approach aims to provide sound
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empirical evidence that research findings indeed apply-intgvidually and thus can be used
for educational practic@/ogl, Murayama, & Pekrun, 2016)

In order toillustrate the possible utility of such a frameworkgcent empirical findings
support themportance of sensitivity té | edvieflf er encesd and docume
upon integrating taskpecific control mechanisms as a mediator, relations betagemeral
self-concept in a domain and tasgecific outcome emotions were fou(Bornare et al.,
2015) Similarly, the general enjoyment of learning about science was only found to predict
engagemenin specific scientific problems, upon including the mediational mechanisms of
topic specific interest in scien¢ainley & Hidi, 2014) Therefore, these findings suggest that
it is of utmost importance to attend to the specific measurement levglsshédr emotions
but relative to the mechanisms determining the process of learning under investigation,
respectively(J. C. Turner & Trucano, 2014)

The ultimate end would be to investigate if and how repeated situation spesifigg
emotional experiences can contribute to sustained and possibly doveaamching and life
long enjoyment of learning. Research on interest, which is a construct closely related to
enjoyment(Ainley & Hidi, 2014; Frenzel, Pekrun, Dicke, & Goetz, 2012; Hidi & Renninger,
2006; Renninger & Hidi, 2011jas postulated a similar goal. Theories of academic interest
propose t hatresfi[§siah antetedent mfaststained individual interest and thus
[ act s] as a prerequi s(Kigmer, Graschner, Pehneer, & Seidel,d e v ¢
2015, pp. 100101) Accordingly, investigating the effects of academic emotions together
with their respective functions at eatdwvel may help to unfold how to foster adaptive

learningrelated emotional experiences that carry througHadiferlearning.
5.2 Strengths, Limitations and Implications for Future Research

Despite the prominent advances@vealingmechanisms in the effead$ emotions, the
presented studies additionally exposed a number of avenues for future research that require
further commentingGenerally, all studies attempted to maximize the external validity of the
results, as implied in the focus of contextualizinmo@ions in respect to authentic
mathematical tasks or learning environments. However, this comes with the tradeoff of in the
generalizability of the findings. Evidently, all the presented findings must critically be
investigated for their replicability inther domains. The issue of generalizability also pertains

to the samples employed in our studies (i.e., mathematics students in primary and post
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secondary education) and warrafitture studies to examine the functional role of emotions
in other age grougpand other groups of student samples.

Additionally, study 2 and 3 relied on the use of sefforts to measure links between
emotions with cognitive, motivational and behavioral mechanisms during learning. This is
problematic in that some of the sharediaace may be due to the use of the common
methodology, and as such may inflate relationships between emotions and cognitive,
motivational and behavioral relationshifisinnenbrink & Pintrich, 2004; Spector, 2006)

Here, future studies would be well advised to mix the methgdambapproaches employed

(for an overview see Azevedo, 201%) order to answer tsuch validity concernand to
problems of response biéSoleman, 1995; Kahneman, 2013; Rasinski, Visser, Zagatsky, &
Rickett, 2005; Robinson & Clore, 2002; Tourangeau & Yan, 208@jne examples include

online observation based on lofjle data (Azevedo et al., 2013)etrospective coding of

videos by trained judges D6 Mel | o & G,roa physsolegical an2l ddh&vioral
instrumentation, such as eggovementdata Ar r oyo et al ., 2009; Cal

While study 1 and 2 make a strong case in investigating changes in emotional
experiences relative to the quality of performamegplications of thethird study of tls
di ssertation, shoul d invest i gaegulatedleamihga n g e
translate into changes in behavioral outcomes, that are noepetted (e.g.such as grades,
teacher reportsclassroom observationstc.). A last remarkto employing seleport
instruments in mathematics learning is that most of the original scales that are available to
date are not grounded in the perspectives of mathematics edy&atiarkajlow et al., 2012)
While we tried to account for this short
appropriately (i.e.adjustingscales to the specific tasksarningactivities orthe mathematics
domain), the field is clearly lackingternally and externally valicgnd reliable instruments
intended to measure learning as situategspercificdomainsor academic activite

In what follows, the strengths and limitations of each study are to be discussed in the
following section. More specifically, the advantages and disadvantages of the theoretical
rationale behind the studies and the instruments, study design, arahalgtiaal techniques

that were used will be illuminated.

5.2.1 Critical Deliberationson Study 1

Theoretical Considerations. Although the results from Study 1 provide some nice
initial support for our postulation that enjoyment and anxiety may modulate cegnitiv

processes in such a way, in that they differentially suppoentific reasoning, it must be
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acknowledged that the data do not speak to the cognitive procestsatying these effects.
That is, while we have strong theoretical accounts for arguingy dloa lines of previous
research, in that students in positigetivating emotions are more flexible information
processors(Baumann & Kuhl, 2005; Isen, 200&nd that the experience of negative
activating emotions aids to focus on single stimulus features andptbugles cognitive
stability (Goschke & Bolte, 2014)}his study does not allow to draw definitive conclusions
about why the effects occurred.hile we attempted to account for the fact that emotions
might impact motivational mechanisms for engaging in the tasks and thus possibly
influencing performancéBless & Schwarz, 1999; M. S. Clark & Isen, 1982; Isen, 1987)

by controlling a number of relevant tasdated motivational mechanisms respectively (i.e.,
intrinsic and extrinsic motivation to perform the taskpefinvested and concentratiod)

on hindsightthese mechanisms serve to control processes operating at | éwelddd not
control for other mechanisms that might have been elicited according to Level 1 postulations
(as suggested earlier in this chaptee 5.1.1)

Notwithstanding, the current findings align with the established assumption of
emotional functionality asserting that emotions serve a signaling function that adaptively
directs cognitions, motivations and behavig¢Fsijda, 1986; Lazarus, 1991 his widely
accepted view is not only explicated by #higectasInformationaccount(Bless & Schwarz,

1999; N. Schwarz & Clore, 1996but more importantly, in line with the conceptualizing
from CVT. Along these lines, we hyp@ize that positivactivating emotions widen
attentional breath(Fredrickson & Branigan, 2005; Rowe et al., 2Q0Ibpsen cognitive
control (Dreisbach & Goschke, 2004; Goschke & Bolte, 20h4d facilitate access to more
remotely associated ideas in semantic memidsgn & Daubman, 1984; Topolinski &
Deutsch, 2013) Despite entering speculative grounds, it is important to remark that the
critical feature for performing the generation task was to retrieve a vast amount of ideas from
semantic memory. Since the measure | abel ed
in revealing significant differences between the enjoyment andnttieus emotion group, it
seems reasonable to argue that one of the main driving forces for causing these effects was the
increased spread of associations in semantic mefaayy Topolinski & Deutsch, 2013)

In untangling uderlying effects of negativactivating emotions, it must be remarked
that these are believed to be less symmetrical than effects of positivgldifeet al., 1996)
Specifically, it was suggested that here, in addition to the cognitive mechanisms operating,
individuals in negative affective states will engage (often unaware) in mood repair (through

cognitive reappraisal or fegulation, to neutralize the subjectinegative experience) which
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substantially complicates matters. Our findings mirror these complexities in that effects
emerged comparatively less stronglglative to the positive emotioreffects, and did only
reach significance on one of the indicators ferformance on the idea evaluation task. In
spite of these theoretical issyesir findings nonetheless are in line with the theoretical
account for describing the effects of negatativating emotions. These typically hold that
intense negative emohal experiences instigate a more local foeusl narrow attention
(Wegbreit et al., 2015provide robust maintenance and proactive coriGolschke & Bolte,
2014) and activate only immediately relevant information in semantic me(®oybeck &
Clore, 2005) As significant diferences between the enjoyment and anxiety group emerged in
respect to identifying presented ideas as false, possibly mechanisms allowirgpéeific
analyses of these information, suchtlasfocusingof attention, may be responsible for the
presenteffect(Pekrun & Stephens, 2012)

Nonetheless, all these cognitive mechanisms and modes are operating together while
reasoning and as such believed to be the joint mediational daf@ncing the generation as
well as evaluation ofcientific ideas. In that respect, the presented results extend upon
numerous empirical studies that indicated that the subjective experience of emotions can play
an important role in shaping cognitive pesses, such as attention, cognitive control and
memory (Fiedler, 20Q; Fiedler & Beier, 2014; Goschke & Bolte, 2014; Isen, 2008; N.
Schwarz, 1990)Indeed, our findings show that emotiefiects can exceed these first stages
in information processing, and ultimately, carry over in effecting complex reasoning.

In light of the need to clarify the mechanisms underlying these effects, it is important to
remark that the in Study 1 presented causal ematignition effects speak against the
recently postulatedCognitive Malleability Approach(or AffectAs-CognitiveFeedback
acount) (Hunsinger, Isbell, & Clore, 2012; Jeff R Huntsinger & Ray, 2015; Jeffrey R
Huntsinger et al., 2014; Isbell, Lair, & Rovenpor, 20138his model was designed to
reconcile with inconsistent findings in the emotwifects literature and describes that any
cr rently accessible 6processing styled is
to keep (6gobdb signal) or to discard (06sto
results however, indicate that it is plausible to argue that automatad&ited, rather fixed,
emotioneffects affect cognitive processes, whiodeedis the more established theoretical
account. Further, another recently proclaimed emoidfexts model is th®ual Pathway to
Creativity (Baas et al., 2008; De Dreu, Baas, & Nijstad, 2008; Nijstad, De Dietgsehel,

& Baas, 201Q0)Here, yet again, the attempt was to account for inconsistent findings in the

emotioncreativity literature. While this model is in line with the CVT notion that higher
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levels of emotional activation stimulate cognitive perforneartcconfounds motivational and
cognitive explanations in how posithaetivating and negativactivating emotions modulate
cognitive performance. As such, the CVT provides a rather innovative integrative frame as it
acknowledges that several causal patysvmight operate through which emotions effect task
performance (i.e., cognitive, motivational, behavioral mechanisms). Critically, the CVT does
not account them as being mutually exclusive and thus indicates rather complex mediational
mechanisms throughith emotions influence performance.

Study Design and Emotion Elicitation Method.In terms ofthe experimentatlesign
employed in study,lit must be acknowledged that the control group was confounded in the
two primary dimensions of emotions, namely vakeand arousal. Accordingly, future studies
should be sure to base their design on the minimally requiregjt@mdrants of the prominent
conceptualization of emotions order to contrast two activating emotions (e.g., enjoyment
(positive) and anxiety @gative)) with two deactivating emotions (e.g., boredom (negative)
and relief (positive)jPekrun & Perry, 2014)

Further, the presented experiment employed the autobiographical recall method
accompanied with music in order to stimulate emotional experiences in partigipamtt et
al., 2011; Quigley et al., 2014Yhis method is based on appraisal theories and empirical
research revealing systematic linkages between appraisals and enfigtbams, Elsworth,
Scherer, & Frijda, 2013; Shuman & Scherer, 20T4e assumption underlying this method is
t hat an emotional prompt, asking to retrie
example, should evoke the same underlying appraisal constdléian, an important event,
with little perceived control, etc.), motivatiodaéhavioral impulses (e.g., escape),
physiological and moteexpressive changes, and overall affective experience (e.g., uneasy
feeling) across all participan{see further principle of relative universality; Pekrun & Perry,
2014, p. 137)This technique was coupled with the presentatibstandardized music, that
has been shown to amplify the subjective experience of the en{dabais & Gilet, 2010;
Lench et al., 2011; e.g., Spachtholz, Kuhbandner, & Pekrun, 2&u#h complex and
dynamic appraisal mechanisms explain why sucintemal emotion induction procedure is
particularly effective in eliciting high intensities of discrete emoti(@Qsigley et al., 2014;
Salas, Radovic, & Turnbull, 2012Problemécally, however, it has recently been found that
this method elicits a number of incidental emotions when negative emotions are intended to
be induced( Mi | | s & D0 Wherkforeg study 0 shduld be replicated with other
induction methods in order to ensure the patterns of our findingsillvbe obtained using

different mood induction procedures and to additionally address the debate of inducing
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discrete emotional states or(lpr overviews of induction procedures see Lench et al., 2011;
Quigley et al., 2014)

5.2.2 Critical Deliberationson Study 2

Theoretical Considerations. Study 2 assumed a mebavel perspectiveon how
epistemic emotions function during task completion and these relations, in turn, were
analyzedacrossstudents. While this is a valid first step in addiregsthe functions of
emotions during complex reasoning and learning, this approach possibly masks mechanisms
that are critically important to gather a more fgrained understanding of the functional
properties of epistemic emotions.

First,inordertomml v account for the mechani sms op¢g
of emotional specificity, a more dynamic perspective is clearly needed to better untangle the
rise and effects of t HJe €.€eTurrter & Tudaryo, 201gl)iFdru at e ¢
example, negativactivating epistemic emotions, such as confusion or frustration, may very
well be ascribed productive functions, that were not detected because our study was not
sensitive to situation specific impasses or the resolutiereof( D6 Me | | esser&201@y a
Therefore, future work must attend to measuring emotions dynamically as they occur.
Coupled with learning processes aiding to overcome such impasses, future research should set
out to assess whether certain emotions trigger specific impessiation strategies, how
quickly students react to those emotions, and whether there atmeanrelations that need
to be taken into considerati¢Muis, Pekrun, et al., 2015)

Second, the emerging sequences of epistemic emotions have been addressed relative to
their respective incidenceand transitions of these naturally occurring emotional states
(D6 Mel | o & GHeae ausdata do n@ alldw2rgvealing how these states transient
between one another. However, our data indicate, for instance, a strong oscillating dynamic
between confusion and frust@th whi ch s in | ine with the
Graesser (2012). The authors suggested that bidirectional pathways might be possible in
explaining how students transient between frustration and confusion. Such epistemic
transitions might be amieresting endeavor for future research, and for instance, help to
untangle the strong positive correlations we found between surprise, curiosity and confusion
(Meier, 2014; Vogl et al., 2016)

Instruments and Study DesignOne further limitation of study 2 was the use of single
item measures of epemic emotions which were only administered ongson task

completion(seefor a discussion on short versus long questionnaires; Gogol et al., 2014)
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the purpose of future research is to capture and measure thieneahactment processes of
epistemic emotions, then these affective dynamics will have to be sampled nooenthe
throughout a learning process. Here, the experience sampling m@kiddzentmihalyi &
Larson, 2014)s a methodological approach that readily lends itself to account for the time
varying process view of learning situations, in interaction with persandl situational
characteristics. This method, however, ultimately prompts other considerations, such as
choosing the unit of analysiResearchers withave to decide i€motional experienseshould
be sampledy events (e.g., with the occurrence of anasgg, or by time (e.g.jntervalsof
second, minutes or hoursersus randomized samplif@s an example fahe latter see Goetz
et al., 2010), or both? The major advantagé event sampling is that one can document the
activities aiming to resolve impassethus providingfunctional information of epistemic
emotions Time sampling, such as coding activitgntinuously every 3@econd (interval
based) more readilyallows to detect trajectories of emottobut may downplay the
interaction or the meaning in the adiyv

Statistical Method. The data of study 2 (as well as study 3) were analyzed employing
strudural equation modelingMuthén & Muthén, 2013)o evaluate the entire model in order
to better accountor the overall emotional, cognitive and motivational landscape of the
processes involved while students completed the complex mathematica(iimef 2015)
While the model fit indices suggested a good fit to our data, it must be acknowledged that our
sample sizeNsway 2= 80) was inadequate to account for the complexity of the model relative
to the large number of estimated parameters. By nature, however, theuctsnsinder
investigation are latent variables, that is, not directly observable, and therefore it was decided
not to conduct manifest paths analysis possibly entailing fallible measures due to uncorrected
measurement errof€ole & Preache 2014) Latent structural equation modeling is the more
powerful alternative to manifest paths analysis (e.g., allows correlating error terms), that can
help to account for the nemormal distribution and ordinal measure of emotion constructs
(Kline, 2015) Nonethelessit is important to remark that the robust maximum likelihood
estimator employed thereof, is only recommended to provide stable results with a greater
sample size N > 200) (Hox, Maas, & Brinkhuis, 2010Despite these critical points, it must
be remarked that the observed effect sizes indicate substantial magnitude in the outcomes of
our findings, which thus desar a replication. Future studies should therefore either focus on
testing simpler models (e.g., focusing on specific hypotheses for rise and effects of single
discreteepistemicemotions(e.g., Vogl et al., 201§) replicate our findingsvith a greater
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number of participants, afat additionally consder error reduction as well asror correction
strategies to reduce the impact of measurement €@ofts & Preacher, 2014)

5.2.3Critical Deliberationson Study 3

Theoretical Considerations. Study 3 investigated the consequences of achievement
related emotions over time and the presented findings resonate with recent calls for the
importance of integrating emotions into models of -seffulated learningBoekaerts &
Pekrun, 2015; Efklides, 2011; Pintrich, 2004; B. J. Zimmerman, 2080)vever, these
accounts provide only limited theoretical explications of how emotions are thought to
influence learning and adaptive functioning during-ssgulation. In that respect, the CVT
accentuatesedgtuwlaat ifiofns]eridsupposes flexibilidt
d e ma n(ldekran & Perry, 2014, p. 133)nd thus is explicitly assuming perspective
describinga regulatory function of emotions for adapting cognitions to the situational
specificity of a learning environmeniy terms of specific predictions regarding effects of
discrete emotions, propositions in C\lfma s hthe ugguatory notiorof emotionswith
strategic approaches to learningelsence, in CVT it is postulatedat:

f{P]ositive activating emotionsire expected to promote use of flexible, deep strategies,

whereas negative activating emotions facilitaggd ways to solve problems [ € ] By

contrast,deactivating emotionsan undermine any strategic efforts and just promote

superficial p r o c(lRekrgni&Perry, @314, p.ad3)or mat i on o
As only the &ecution of a strategic approach, but not the strategy itself catalbeled
0f | exridlrli giifiess finks must be further qualified in order to articulate the specific
mechanisms driven by emotionse f er ri ng t o o6t he regul ation
appr oac h dermgpselveguatiod.Turning to the herein presenteddings, study 1
found enjoyment to support the spread of associative or flexible cognitions, which is a
cognitive function that might help to more flexibly adjust a strategic approach or cognitive
learning strategy relative to task demands. This assumidurther underscored by the
findings provided in study 3, where i@nj oy
approachef.e., elaboration), but links were also found between enjoyment and memaorization
(i .e., a mor e 0s umkeln fightofi thasl data, whatrseetme theioreticallyp p r
plausible is that emotions serve a regulatory function in supervising the learning process.
Thus, discrete emotions may not necessarily be dedicated to any one specific cognitive
strategy, but instead moldte the regulatory mechanisms that help to explain why students

experiencing enjoyment, seem to better attune to the demands of the respective learning
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situationandare better abletoselextt r at e gi e s 0 hytakikg advarpageocoptiei at e
flexible nature of the modulated cognitions

In line with this reasoning, study 1 found that anxiety supported-sguific and
bottomup processing and might thus &6tuned re
rigidly. That is, a narrow thouglaction r@ertoire might undermine regulatory search
processes, and | eave a student to be O0stuc
memory, thugossiblylimiting the array of strategic approaches. This, however, also means
that anxiety must not necesiyabe maladaptive per se. That is, if the strategy that was pulled
from and activated in semantic memory is tapkropriate, then emotiegffects must not
always be dysfunctional.

Likewise, negative deactivating emotions were found, based on studydiscburage
cognitive functioning and as such would not be expected to stimulate the regulation of
learning. While the CVT hypothesizes deactivating emotions to promote the use of more
superficial, shallow processing strateg{Pgkrun, 2006; Pekrun & Perry, 2014#)e findings
from study 3 suggest that bdam does not initiate any strategic approaches to learning.

Such a -6petuét cabcount§esFagurestl) underscores the importance
of the context in which learning related emotions are embedded (e.g., wikich easployed,
or which project need to be tackledsee Efklides, 2011) Addi ti onal | vy, e mo
functions of cognitive regulation can help explain why empirical findings often report
enjoyment to correspond to a broad range of strategic approaches to problems orsactivitie
during learning, why anxiety might be found to lead to adaptive, yet fewer strategies, and why
boredom is at times unrelated and other times negatively related to strategic approaches
during learning Ahmed et al., 2013; Chatzistamatiou et al., 2015b; King & Areepattamannil,
2014; Pekrun et al., 2002a; Ranellucci et al., 20Fiture research is warranted to tisise

postulations experimentally.
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(Meta)cognitive Cognitive strategy use during
Achievement Emotions processing/regulation learning and achievement

Adaptive strategy use:
Flexibly switch according to
task requirements (top-down
mechanisms)?

Flexible .
Enjoyment Tegulation ‘ Elaboration
Rigid o
Anxiety regulation ®|  Memorization
Maladaptive strategy use:

Mechanical use/sticking to initial
strategy employed (bottom-up

mechanisms)?
Deactivating Superficial No Strategy
Emotions regulation Use

Figure 5.1: Model explaining emotion regulation during se¢julated learningp account for
specific strategic approaches employed.

Study Design and InstrumentsWhile our longitudinal threevave panel design served
to temporally separating emotional experiences from cognitive and behavioral learning during
classroom activities, it would have bdemperativeto assess all constructs at all measurement
points in oreér to fully account for all autoregressive relations in the model.

Further, our data revealed problems of multicollinearity between measures. Future
research may thereforewisit the instruments employ¢Berger & Karabenick, 2016; Gogol
et al., 2@4) or critically discern to what extent primary school students are able to sufficiently
differentiate the constructs under investigati(idignath, Buettner, & Langfeldt, 2008;
Wigfield, Klauda, & Cambria, 2011)

5.3 General Implications for Educational Practice in Mathematics

The presented findings do not only underscord thmathematical thinking is an
emoti onal endeavor but show that studentso

effect on how they process information, learn, or develop mathematical skills and knowledge
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(Goldin, 2014; Meyer, 2014; Pekrun, 2014). Mprecisely, this dissertation highlights that a
onesi ded approach to considering positive
exclusively as O6baddéd oversimplifies t-he <co
direct learning processes (Goetzrngibl, Pekrun, & Hall, 2003; Jarvenoja, Jarvela, &

Mal mber g, 2015; Opot Eynde, De Corte, & V
Accordingly, the findings can be used to infer how to create supportive educational contexts
(for an overview of instruainal practices see Pekrun, 2014).

The data presented herein document that temporary experience of some negative
emotion, such as anxiety, can be adaptive when detailed and analytical thinking is required.

In fact, Study 1 suggests that positaetivating and negativactivating emotions have
complementary benefits for complex and challenging mathematical problems. Thus, teachers
should not only acknowledge positive and negative emotions as a natural part of complex
reasoning, but interpret emotional pled during learning as helpful signals for detecting
adaptive or maladaptive actions and behaviors therein. Thus, on the one hand, teachers need
to equip students with the necessary capabilities of tolerating episodes of negative emotional
experiences. @en the negative effects that frustration and boredom had in study 2, it is, on
the other hand, imperative for teachers to provide strategies for overcoming and down
regulating negative feelings (J. E. Turner, Husman, & Schallert, 2002), to interfere with
potential viscous circles of emotional transitions between frustration and boredom during
complex tasks (D6Mell o & Graesser, 2012).

With regard to fostering sefegulated learning, the results from study 3 suggest that
interventions that aim at stimulagn posi ti ve emotions can en
strategy use and learning behaviors. Moreover, additionally providing meaningful learning
and cognitively activating tasks @®not only encourage cognitive partakiagd interestn
the classroomactivitiesb u t , I n turn, fosters studentso
findings from study 2 encourage interventions targeting control and value appraisals as a
means to foster tagkelated enjoyment and curiosity during challenging tasks. More
specificaly, authentic tasks (i.e., highlighting personal meaning and relevance) may tip off
student sd v aHilastructaral pcafldssdarihgscomplex problem solving might
assist with keeping the chall engecomrbl a ¢ omp

In conclusion, the results of the current set of studies provide compelling evidence for
the importance of emotions in learning and achievement of students in mathematics. Overall,
the results suggest that advancing higher order mathematiddhthis the mix of emotional

experiences with focused attention, motivational spirit, extending knowledge and engaging in
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mathematics thinking. In that line, our findingsmplement the view that in addition to the
owil Il 6 and 6ski |l méthematicaluhinking,dstuderdsrdo leeoefit grome the
0t h fAhnted & al., 2013, p. 159; Pintrich & De Groot, 1990)

5.4 In Conclusion

The primary goal of this dissertation was to gather a more detailed understanding of
what constitutes emotional experiences during learningaodraveltheir intricate relations
with cognitive, motivational and behavioral processes. The dissertation emphasized that the
main problem to better understanding the functions and consequences of emotions and how
they ultimately play out in theelbfearning pr
measurement in order to understand the role, triggers, emergence and development of
emotions during learning. In line with CVT, tlhes i t u af enotionsthgsdeen described
to be critically important for discerning the underlying mechanisms otiemeffects.
Therefore, the theoretical deliberations as well as the empirical findings presented concern the
attempt to further dismantle the quality and direction of interaction of emotions with
cognitive, motivational and behavioral mechanisms presedsring learning. Hence, several
research avenues were outlined throughout this dissertation hoping that the results of the
current investigation will stimulate further studies on the interplay of emotions and academic
learning. This so the hope maycontributeto furtherrefining anddevelopng functional
accounts of how emotions can be linked veitignitive, motivational, and behavioral

consequences in achievement contexts.
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6 Appendices

6.1 Appendix A
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6.2 Appendix B.1.

Motivational Control Variables

After students had finished working on the tasks, they reported about their intrinsic and
extrinsic motivation toward the tasks (Situational Motivation Scé&ijlet, Vallerand,
Lafreniere, & Bureau, 2013; Guay et al., 2006)rst, intrinsic motivation assessed the extent
to which the task was done out of interest, volition and chi@eei & Ryan, 2000)8 items;
exampl e item: il worked on thes t(Guaygedah,ec a u:
2000). Extrinsic motivation measured the extent to which students pursued the task due to
feelings of pressure or saw no personal value or purpose in thébesk& Ryan, 2000)8
it ems; exampleni tém: tabkwonked beca(Gsagetl f e
al., 2000). Additionally, taskspecific effort was measured indicating the amount of cognitive
engagement with the t ask n(effortiragardiess howemueghmp | e
Il i ked t (Wdd & Schuefele,; 1994) Last, concentration was measured assessing
distractibility and taskrrelevant thinking. The items were worded negatively (6 items;
example item: il noti cehdi | ey wtoh ku gnhfWild dno nt dheer
Schiefele, 1994)and accordingly, for ease of interpretation, the scale was inverted such that a
higher score indicated more concentration allocated to the task at hand. All control variables
were assessed oAp@int Likertscales indicating the extent of agreementr{ttrue of me at
all to 5 =very true of me Table B.1.1presents the seteport items and scale reliabilities for
all seltreport measures.

Several tweway analyses of variances were conducted to exgheranpact of emotion
groups on different motivational variables across thedifferent task types (sekable?2.1).
No interaction effects between emotion groups and task type reached statistical significance,
Fs (2, 240) < 2.49ps > .085. While there were no differences between the emotions groups
for intrinsic motivation nor effortFs (2, 119) < 2.15ps > .12, the emotion groups
approached significant differences with respect to the reported extrinsic nootiaatd
concentrationFs (2, 240) < 2.94ps < .06. Poshoc comparisons using tukey HSD tests
revealed that students in the enjoyment gradp=(2.64,SD= .87) did not significantly differ
( B = .08,p = .54) with respect to the extrinsic motivation reported from students in the
anxious groupNl = 2.72,SD = .71) but with approached differences with the control group
(M=293,SD= . 8M2=;.29,g,= .06. Ratings from students in the anxious group did not
di ffer from the ot Mser2lpsw.20).Eurilzet posh moc mparisgns (&

showed that students in the anxious emotion group reported significantly lower concentration
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(M =3.02,SD= .12) than students in the enjoymehkt £ 3.85,SD=.13;p < .001) or control
group M = 3.59,SD=.13; p = .001) while differences between the enjoyment and the control
group were nMzt26pE@d. fi cant (e

Additionally, prior knowledge was maa®d using a knowledge test on geometry based
on 49 forced choice questiond € 40.45,SD = 4.69,Min.= 21.00,Max. = 49.00). All items
met satisfactory item parameters with a difficulty index of 0.4¥<0.99 M (P) = .826;SD
(P) = .123) as well as discrimination index ofj.j > 0.3 (seeTable inAppendix B.2.for
items and frequencies of knowledge testyo-way analyses of variances (3 emotion groups
X 2 task types) revealed that students were equass@ll experimental conditions (students
scored on average 40 out of 49 points in each cell) with regard to their knowledge in geometry
(seeTable B.1.2.).
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Appendix: Knowledge Test in Geometry

Table B.1.2Frequency table of answers to test inmetry knowledge

ltem Mathematical statements which must be identified Statement Frequency %
Acorrecto or Aincorr ec: istrue/false correct  correct

For every parallelogram it is true that:

1 The opposite sides are parallel. true 244 99.2
2 The dagonals bisect each other. true 217 88.2
3 ;’irzlzre are two adjacent angles, which are of equal false 217 88.2
4 The sum of the interior angles is 360 °. true 245 99.6
5 The figure is a rhombus. false 175 71.1
6 The figure is symmetric under poirgflection. true 205 83.3
7 The opposite angles are of equal size. true 237 96.3
8 The figure is symmetric under line reflection. false 216 87.8
9 The opposite sides are the same length. true 242 98.4
10 Adjacent angles add up to 180 °. true 229 93.1
What needs to apply to conclude that two triangles are
congruent?
11 When their three side lengths match, they are true 204 829
congruent.
12 When their three angles are of equal size, they are false 143 58.1
congruent.
13 If two of their side I_eng'(s and the angles between true 215 874
themare of equal sizeghey are congruent.
14 If one of their angles and two of its side lengths ar false 156 63.4

of equal size, they are congruent

If they match in the size of three angles and the
15 length ofthe side, which is opposite of the smallest true 199 80.9
angle, they are congruent.

If they match in the length of three sides and one

o angle, they are congruent.

true 205 83.3
If they match in two of their side lengths and the

17 angle, which is onladjacent to the longer of the twi false 134 54.5
sides, they are congruent.

If they match in two angles and the side between

L these angles, they are congruent.

true 209 85.0
If they match in two of their angles and the side,

19 which is only adjacertb smaller of the two angles, true 115 46.7
they are congruent.
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In the sketchg and h are parallel lines and a is any straight

line which intersects g and h. Then the following are alway

true:
20 Uis half the size ob. false 233 94.7
21 U=o. true 242 98.4
22 U+b=180°. true 242 98.4
23 U+o=h. false 228 92.7
24 Uu=o. true 239 97.2
25 b+0=180°. true 235 95.5
26 u=U true 243 98.8
27 3 L=ho false 236 95.9

In any equilateral triangle applies:
28 The three sides are @4j. false 201 81.7
29 There are two equal angles. true 235 95.5
30 The triangle is poinsymmetric. false 202 82.1
31 The triangle is axisymmetric. true 233 94.7
32 The sum of the angles is 180 °. true 243 98.8
33 All angles are equal. false 210 85.4
34 Adjacent angles add up to 180 °. false 230 93.5

Which statements apply for every triangle?
35 1'2: IE)Jgirrﬁ)fndicular bisectors of the sides intersect true 189 76.8
36 E]?gt;]aplsrepgndicular bisector splits the opposite an false 194 78.9
3T g also an axis of symmety for he wangle. | UUe 223 907
38 The angle bisectors intersect in one point. true 208 84.6
39 Eaecg p?cr)]sgilti t;iisézc.:tor passes through the midpoint false 167 67.9
40 H(\eeciirrl;[:irr?]iitriﬁ)g gfcti?; ;.hree heights is the center « false 124 50.4

Which statements apply for every quadrangle?
a1 Fea;?h(?lijsgr?;n%ﬁ;sih which all four sides are of eqt true 180 738
42 Each quadrangle has a circumscribed circle. false 167 67.9
. farange i (e o o andes 1 e am e
44 \all\rl]rgle; Eiit gt;a;jg?tr;grlglg-as (at least) three right interi true 299 90.2
45 Each axial symmetric quadrilateral is a trapezoid. false 114 46.3
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If a rectangle has two pairs of sides with equal len

46 o
each, it is a parallelogram.

A parallelogram, which has a right interior anggea

47
rectangle.

48 Each quadrangle has an inscribed circle.

Each quadrangle, that has four right interior angle:

49 and four equal sides, is a square.

true

true

false

true

156

220

157

210

63.4

89.4

63.8

85.4

Total 49 statements

Note.*Sketch for questions on bs:
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6.3 Appendix B.2.

Consent Form

Erklarung zur Studienteilnahme:

Es freut uns sehr, dass Sie sich bereit erklart haben, an unserer Studie teilzunehmen. Sie
werden eine kurze Aufgabe aus dem Bereich der Geometrie bearbeiten, welche lhnen zuvor
genau begdwtieben und erklart wird. Sie werden zusatzlich gebeten, sich an einen bestimmten
emotionalen Zustand zu erinnern. Dabei soll Ihnen passende Musik helfen, sich besonders gut
in das emotionale Erlebnis hineinzuversetzen. Die Musik kann auch sehr unangeggetim/

sein. Bitte entscheiden Sie selbst, ob Sie bei dem Experiment mitmachen mdochten. Sie
kénnen das Experiment nattrlich auch spater jederzeit abbrechen.

Consaent for study participation:

We are very pleased that you have agreed to participate in ady.st¥ou will work on a

short task from the area of geometry. Instructions will be described and explained to you in
detail beforehand. Additionally you will be asked to remember an emotional event in your life.
While doing so, appropriate music will hejpu with better putting yourself into this state.

The music can also be very unpleasant / negative. Please decide for yourself if you want to
participate in the experiment. You can also stop the experiment at any time later.

Allgemeines:
Die Studie wird wischen 30 und 45min. dauern. Als Verglitung erhalten Sie im Anschluss
10,000 in Bar oder eine Versuchspersonenst

Teilprufungsleistung zur Teilnahme an Experimenten anerkannt wird.

Diese Studie wird als risikofraieAblauf angesehen. Dennoch ist es den Teilnehmerinnen
selbstverstandlich erlaubt eine Pause einzulegen oder die Teilnahme zu unterbrechen, wenn
korperliche Symptome aufgrund der Arbeit am Computerbildschirm (z.B. Schwindel,
Kopfschmerzen, oder ahnlichem)ftreten. Bitte teilen Sie der Versuchsleitung unverziglich
mit, falls es Ihnen wéhrend der Studie nicht gut gehen sollte.

General information:

The study will take between 30 and 45 minutes until completion. You can chose to be
compensatedwith10,0 or cour se credit.

This study is considered to be riske process. Nevertheless, participants are of course
allowed to take a break or interrupt the participation of the study at any point if physical
symptoms due to work on the computer screen ocaurdizziness, headache, or the like).
Please inform the researcher immediately if you should feel physically unwell during the
study.

Rechte:

Ihre Teilnahme an der Untersuchung ist freiwillig. Durch lhre Einwilligung gehen Sie keine
Verpflichtungen einSie kénnen die Einwilligung in die Untersuchung jederzeit widerrufen

und die Untersuchung abbrechen, ohne dass Ihnen ein Nachteil entsteht. Sie kdnnen jederzeit
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verlangen, die bisherigen erhobenen Daten bis auf weiteres zu l6schen (mithilfe lhrer
anonymerreilnehmerkennung).

Rights:

Your participation in this study is voluntary. Your consent does not imply any binding
obligations. You may revoke your consent to the study at any time and terminate the
investigation without incurring any disadvantadefor any reason | wish to withdraw your

data from this study, you are free to do so without providing any reason and the data will be
destroyed (based on your anonymous identifier).

Datenschutz:

Angaben zu lhrer Person werden nicht an Dritte weitergegebem ved@ffentlicht. Alle
Angaben werden anonymisiert verarbeitet und sind nur Projektmitarbeitern zugénglich. Wir
sindnach DGPsRichtlinien dazu verpflichtet, die Daten 10 Jahre lang aufzubewahren.

Data protection:

No personal data will be disclosed to rthiparties no published. All data are processed
anonymously and are only accessible to project staff. We are committed to keeping the data
for 10 years, according to DGPs guidelines (German psychological association).

Leiden Sie derzeit an psychiatrisaherkrankungen? [ ] nein [] ja
Are you currently suffering from psychiatric disorders? no yes
Haben Sie in letzter Zeit ein stark emotional belastendes B&dabt? [ | nein [ ] ja
Have youatently experienced an extremely emotionally stressful event? no yes

Falls Sie eine der beiden Frage mi t Aj afi beant worten, m¢ s s e
abzusehen, an der Studie teilzunehmen.

If the answer is "yes" to one of the two questidmsva, we must ask you not to participate in

the study.

Ich habe die vorausgehende Erklarung gelesen und verstanden.
| have read and understood the consent form.

(Datum, Name & Unterschriffersuchsleiterin)
(Date, name and signature of timvestigata)

Mir wurde die Untersuchung erlautert und alle Fragen wurden hinreichend beantwortet. Ich
nehme freiwillig an der Untersuchung teil und bin mit den Untersuchungsbedingungen und
Datenschutzbestimmungen einverstanden.

This study was explained to me antl qlestions were answered adequately. | voluntarily
participate in this study and agree to all the stated conditions and data protection.

(Datum, Name & Unterschriffeilnehmerin)
(Date, name and signature of tparticipant)
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6.4 Appendix B.3.

Emotion Indetion and Manipulation Check

Employing an established emotion induction procedure using a combination of music
and autobiographic recdllench et al., 2011; Quigley et al., 120, students were asked to put
themselves in a personal event for 3 minutes that either made them feel enjoyment or anxiety,
while the control group was asked to remember a common Wednesday morning intended to
evoke no emotional response and to suppaesivation levels(Kuhbandner et al., 2011)
Depending on which group students were randomly assigned to, they listened to normed
instrumental music shown to amplify/dampen the intensity of the emotional state being
elicited (Eich et al., 2007; Gerrarddese, Spies, & Hesse, 1994; Vastfjall, 2002; Zentner,
Grandjean, & Scherer, 2008All induction procedures had a length of 3:00 minutes in
duration and were successfully pretested. Students rated the experienced intensity of affective
states (1 =not at al to 5 = very strong such that changes in emotional states could be
determined. The activation scale comprised three items (active, attentive and alert) taken from
the 6Positive and Negat(Watsen, Gldrk, & Tellege8,cld388)d ul e
and additionally the discrete emotidh® nj oy ment 6 and fanxi ouso w

Two-way analyses of variances (ANOVAS) investigated the differences of affective
ratings before (baseline) and aftee emotion induction (manipulation check). No differences
between discrete emotion ratings were found between the emotion groups for the baseline
ratings, EFs (1,240) <.21,ps >.24). However, further ANOVAs revealed statistically
significant differencesall ps <.005) with very high effect sizes (gfis >.04, range from .04
to .55)between the three experimental groups for all ratings after the emotion induction for all
affective variables (see Table B.3.). Benchmark values for effect sizes (basiyveoere
interpreted to be smalbf{ < .0099), mediumd < .0588), or largecf < .1379) based on
findings typically reported in educational scien¢€ohen, 1988; Richardson, 2011{see
Table B.3.).

Between (emotion groupsyithin (affect ratings) analyses of variances revealed further
that relative to the ratings obtained before the emotion induction, ratings of the manipulation
checkhad changed substantially with regard to the enjoyment, anxiety and levels of activation
between all three experimental groups (betwe#hin analyses of variances), Pillai’s Trace:

Vs> 0.06,Fs(2,243) > 8.27ps < .001, partiatzs > .06 (sedrigure2.2). Planneccomparisons

revealed that students in the enjoyment group reported significantly higher ratings on
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enjoyment M = 4.08,SD = .97) as compared to the anxiold £ 1.59,SD = .84,p < .001,
Closy [1.041,1.524]) or the control groups! = 2.90,SD=1.11, p< .001,Clgs, [.412,.899])
(see Table B.3.)On the other hand, students in the anxious emotion condition reported
significantly higher ratings of anxiousnesdl & 3.21, SD = 132) as compared to the
enjoyment 1 = 1.24,SD = .48,p < .001,Clgsy, [-2.238;1.710]) or the control grougM =
1.22,SD= .45 p < .001,Clgsy [1.730,2.255])(see Table B.3.)Based on activation ratings,
we found that after the emotion induction timpogment M = 3.58,SD = .88) and anxious

= 3.37,SD = .94) emotion groups showed equal levels of high activagion,14, Clgse, [-
.069,.490], while the control grouM(= 2.86,SD = .91) showed significantly lower levels of
activation as compared tbe enjoymentf < .001,Clgsy, [.435,.999]) and anxioup (< .001,
Clgsy [.229,.785]) experimental groups (SEsble B.3.).

Accordingly, we found that the emotion induction successfully created emotion groups
allowing to differentiate discrete emotionstiveen the three experimental groups. Precisely,
we found that students in the enjoyment emotion condition (representing pesiiieting
emotions) reported aboxsev er age r at i ngM=408S0H=9%) acwalant 0 /|
activation levels I = 3.59 SD = .87). Similarly, we found that students in the anxious
emotion condition (representing the group of negadietevating emotions) reported abeve
average rat i ngBhl=2321Shi=a113% asovallanaetvatian leyeld € 3.37,
SD=.94) The control group reported beleavv er age r at i ngM=2X308D fenj
= 1.20) as wel M=hZX Shi=a.4bxwhite leseis efsastivatiofv = 2.86,

SD = .10) were significantly lower as compared to the enjoyment and anxiousnegs gro
( Bt > .51,ps <.001). Importantly, all twavay analyses of variances confirmed that there
were no statistically significant main effects for task type (1,240) <.31ps >.21) nor
interaction effects of task type with emotions groups (1,240) <.21 ps >.18) thus
confirming that the changes between emotion groups occurred equally for botl{steks
Table B.3.).



122

‘(50" < sd [[e) pare[o1a a19m uonduwinsse saoueLieA Jo Aj1duafowoy oN ‘(08 = D) UONUINE PUB IYBME DAL SSOIOR Sunel UBdA, (99" =
1) UOTJUINE PUE OYBME “AANIE SSOIOE FUNEl UBSA[; "[00° > dys "SO0™> . "SINSAI JuLdIIUFIS 10) sasayjuated ur uaaIls (s i) sazi§ 1031y . (Suo.ys Liaa = g 03 o 1
jou = | :padudLIddxXa SEM UOTIOWD 2JIOSIP B YIIYMm [IIm A)ISuajul oY) Suissasse a[eas Sunel juiod-aA1j  SuIsn paule)qo a19m SUOTIOWD J)AIOSIP JO SANSBIN 210N

Appendices

171 (01)sxLL €1 v (Lo egz  Wwe)vze  (b6)0OLE (6L)88T  (v6)6v' e (08)8F°€ LJUONBATIDY
€1°T ($0)x6€°S 0 (crvoez @Qroere (ornaLe 9o1)ooe (901 ste  (LOoT)og€ AU Y
10’ (£17)%%0€°81 ¢ (zzegz (soooe (LoD vLe (16706 (L0 69E  (88)08°€ emy
90'C (90)%x01°8 10° (61’1 Lz (gg1)€6T  (901) #9°€ (16)vLz  roece (Qr1)ege AV
+9° (SS)%%8T LT1 I (og) st ®rDoce (TS IgT (19671 OF DL’  (€p)SI'T  ssausnoIxuy
¢ (£S)ssPSTET £6° (Trogrz  (88)8ST  (FI'D€0d (60'1)zo'e  (08)09°1 (6L) €Y yuswifolugy
v_uu_._U ﬁoﬁm—zm_:wz
¢ oL (1] (#8) Lee  (69)8F ¢ (S9)SH¢€ (€)1vre  W)vre  (98)6S°€ qUOTIBATIOY
w 9 6T (r6)sg'e  (1e)oLe  (6L)¥LE (€8)18°¢  (68)1L€  (s8)S6€ dANUMNY
81 76 Iz (concee  (e)ivre  (6L)9s€ (88)8¢¢ (601 1ge  (06)5S€ emy
vT €LT €T (r6)88°C (€6)87T¢  (+67)S0°€ (F6)s0c  (86)1¢€€  (T8)8T€E AANOY
€€ 9¢ ST (Fs)sz1  (Ls)ser  (pS) €T (Zo)oc1  (89)1€T (€¢) 87’1 ssausnorxuy
90°C c¢ I¢ Fo'1)soe  (pe)Toe  (S67)L8T (¢6)98C (crrDooe (zoDoge juawioluy
wm.—ﬂmmm—z mﬁ:mmmm
(0T oOVTTA A0VT DA (0r=""N) (er=""N) (6€="""N) (tr=""N) (Tr=""N) (0¥ =""N) uonowy
uonoRIU| dnoin adA1 [onuo) SNOIXUY awkoflug [onuo) SNOIXUY wawkolug
adA 1 yse]. uonows Jysel
x dnoin (asm (as)m
uonowyg yse] uoneneAay yse] UONneIauan)

“adA) yse) ssoIoe s20UdLIdAXT 9A1IIJJY PAINPU] JO $1931J 10J SYAONYV Aem-0m ] JO sansneIS-J pue syse) pue sdnois uonowa

$S0JOE (UONONPUI UOTOWD J3)JE PUB 210J2q) SSUIJEl UOIJOWD 22I0sIp 10] (UONBIAS(] pIepuelS pue sueajA) sonsnels aanduosa :'¢'g 2Iqel



Appendices 123

6.5 Appendix B.4.

Piloting and coding experimental tasks

The generation task asked to list as many valid ideas as students could tielakice#
to the provided theoretic frame. We <coded
(DeHaan, 2011; Guilford, 1967; Torrance, 196@) fluency indicated the total ndrer of
generated ideas, (2) originality indicated the relative uniqueness score of each idea, and (3)
total number of distinct theoretic categories from which the ideas were pulled. The first
category was a simple count of the unique individual ideas peoldby each student. To
calculate originality (2), we created an originality score for each unique idea as the number of
persons who did generate this idea, divided by the number of persons in the sample. Finally,
to calculate cognitive flexibility (3), # compiled ideas were categorized independently by
two mathematics experts resulting in seven unique theoretic categories covering the theoretic
grounds of all generated ideas. Accordingly, it was calculated for each students from how
many of those seveheoretic categaes the ideas had been derived.

A third of the generated ideas were double coded by two independent raters resulting in
a high interrater agr ee rkegandedffoin T&to E00)0=..98,8, Cc
SD= .08) indicating overdla very good reliability of the coding scheme (#gmendix B.5.
for coding scheme and frequencies of responses).

The evaluation task asked to identify pr.
independent measures fitre evaluation task were operationalized by the numbers of ideas
correctly identified afsf alltgeade o( r(esfad ti ataitd m no

The pilot testing for both experimental tasks done with an independent sample of 53
mathematics studen{34 male, 19 female), more than 25 per task type, who were of the same
approximate age and mathematics study programs as participants in the main experiment.
More than 25 students solved each tasks and results were analyzed by sejgstate t
Participmt s wer e asked two questions after worl
you did on the task?06 and dAHow difficult C
ranging from 1 =very poorly/ not difficult at allto 5 = very well/very difficult An
independensamples tests for each question revealed that tasks were not significantly
different (generation tasi = 2.90,SD = .82, evaluation task = 3.08,SD = .86) nor did
students perceived competence relative to the task differ (generatiohtask48,SD= .91,

evaluation taskM = 2.64,SD = .99;ts > .68,p < .37). Participants were also queried about
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the intensity of the epistemic emotions they experienced (HEEXrun et al., 201%) Each

item consisted of a isgle word describing one discrete emotion (e.g., curious, surprised,
confused, anxious, frustrated, excited, bored) and were assessed as intensity ratimga({l =
all to 5 = very strondy. The independerdamples tests for each epistemic emotions
sepaately revealed that tasks did not significantly differ in their emotional profiles regarding
the epistemic eotions that were trigged (alb >-.03, p < .45) (seeTable B.4 for mean

differences).

Table B.4. Pilot test for experimental tasks: Desdng Statistics (Mean
and Standard Deviations) and independent samplesst$ investigating
differences in reported epistemic emotions, task difficulty anereqmfted
competence between the experimental tasks.

Task Type
Evaluation Generation
N =27 N =26

Variables M (SD) M (SD) t
Epistemic Emotions

Curiosity 2.93 (1.04) 2.79 (1.03) t (53) =.50

Surprise 2.30 (1.03) 2.36 (1.22) t(53) =-.20

Confusion 2.67 (1.14) 2.55 (1.35) t(54)=.34

Anxiety 1.41 (.89) 1.21 (.62) t (54) =.99

Frustration 1.96 (1.16) 1.90 (1.08) t(54) = .22

Enjoyment 2.15 (1.03) 2.31 (.85) t (54) =-.65

Boredom 1.89 (1.01) 1.90 (.94) t (54) =-.03
Task difficulty 3.08 (.86) 2.90 (.82) t (52) =.80
Selfreported 264(99)  248(91)  t(52)=.61
competence

Note.No mean difference was significant (pl > .05 (twetailed)).
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6.6 Appendix B.5.

Experimental Task Instructions and Coding Schemes

Instruction for Generation and Evaluation Task

Betrachten Sie ein beliebiges Parallelogramm ABCD in der Ebene, (dsand8eiten [CD]

und [DA] gleichseitige Dreiecke konstruiert wurden, wie beispielsweise in der folgenden
Figur.

Consider an arbitrary parallelogram ABCD in the plane with equilateral triangles
constructed over the sides [CD] and [DA], as for example irfaHewing diagram.

Abb. 1.Parallelogramm mit zwei gleichseitigen Dreiecken
Fig. 1. Parallelogram with two equilateral triangles.
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Instruction for Generation Task

Bitte tragen Sie hienacheinander die Aussagen ein!
Please write your statements heveg after the other!

Aussagen /
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=
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Instruction and Coding Scheme for Evaluation Task

Wenn Sie die Aussage fir richtig haltenet zen Si e bi t t Rich&ggi n

|l f you consider a statement as

A XA

carect. e c t
Wenn Sie die Aussage fg¢r fal schFdlsah t en,

A

If you consider a statementasfa e, pl ease mar k ifatse. wi t h
Richti Falsch
Aussagen/ S CLtal
1 |[#%$% 1" X
2 Die Mittelsenkrechte von [AD] ist parallel zur Gerade FC. X
The perpendicular bisector of [AD] is parallel to the line FC.
3 |1# #& X
4 |v+8=180° X
5 |,"! &, %#" X
6 Die Gerade AF ist parallel zur Gerade CE. X
The line AF is parallel to line CE.
7 |$& 1T & #°" X
8 | ™% "1 X
9 |R R R o@mlJ X
10 | # & #1 X
11 | g8, T ¥ = ZEDF X
12 Das Parallelogramm ABCD ist punktsymmetrisch. X
The parallelogam ABCD is symmetric under point reflection.
13 Das Dreieck BCE ist kongruent zu Dreieck FDE. X
The triangle BCE is congruent to the triangle FDE.
14 |, %S & wmJ X
15 Das Dreieck ABF ist kongruent zu Dreieck ECB. X
The triangle ABF is congruent to thiangle ECB.
16 Die Dreiecke ABC und CDA sind kongruent zueinander. X
17 " % " & X
18 Alle Winkelhalbierenden des Parallelogramms ABCD schneiden sich in einem | X
19 F, D und B liegen auf einer Geraden. X
20 | %& %" X
21|, #$&, #$! X
22 | %& " & X
23 Die beiden gleichseitigen Dreiecke ADF und DCE sind punktsymmetrisch. X
The two equilateral triangles ADF and DCE are symmetric under point reflectio
2411 . %$ & T T X
o5 Die Dreiecke EDA und CDF sind kongruent zwider. X

Bitte beantworten Sie die Aussagdgr Reihe nadh

P
S
X
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Coding Scheme for Idea Generation Task
FrequencyTable ofNumber ofGenerated deas
Coded Theoretic Cumulative
Variable Generted idea Category Frequency %
Sum of interior agles in equilateral triangles: 0
1 G+ 40 3500, + 40 52 180° 1 33 27.1%
2 All angles are equal3-n 1 90 73.8%
3 U= ,¥) ;3h,= ;032 6 QAo 60r,iv{1,2,3} 1 36 29.5%
4 U + bt=860> + 2 27 22.1%
5 AABCD = aa A h 4 1 0.08%
6 Sum of adjacentanglesiap al | el ogr am: 15 12.3%
Sum of adjacent angles at crossing lines:
7 b > 180° 3 31 25.4%
8 LIgjqua:hty (;f Qppoglte ingles in parallelogram: i.e. 5 84 68.9%
9 Equihty of corresponding at artsversal of two parallel 5 a1 33.6%
Opposite sides in parallelogram have equal length:
- - 0
10 ie. AB=CD 2 92 75.4%
11 SPi:joepsertles of equilateral triangles concerning lengths c 1 88 72 1%
Opposte sides of a parallelogram are parallel: 0
12 e (AD || BC/AB || CD) S A L
Similarity of triangle ADF and triangle DCE (AAA
similarity theorem), or there is an* s, such that (at leas
two of the following):
13  AD = xADC = xACE = xAED 6 4 3.27%
DF = xADC = xACE = xAED
FA = xADC = xACE = xAED
14 P_ythagoraiheoremnvolvmg the height of an equilatera 7 1 0.08%
triangle
15 The two trangles that arise from cutting a parallelograr 6 1 0.08%
along a diagonal are congruent.
16 Arguments mvg)lvmg the definition angle measure via t 3 > 0.16%
full angle (360°).
17 ADF or DCE are isosceles triangles 1 4 0.33%
18 FEB is equilateral 6 1 0.08%
Total 18 unique generated ideas 7 577
Note Theor et i cal categories of idea based on which

1 = characteristics of equiliteral triangles,

2 = characteristics of parallelogram, 3 = Dipdicatign of

Ac

statements about angles at two crossing lines, 4 = Statements about relations of areas, and area formulas, 5 =
Direct application of statements about angles at transversals oft wo parallel lines, 6 = Relations that go beyond
direct applicatiorof single theorems about lengths and anglesPythagorasheorem


http://de.pons.com/%C3%BCbersetzung/englisch-deutsch/Pythagoras%27
http://de.pons.com/%C3%BCbersetzung/englisch-deutsch/theorem
http://de.pons.com/%C3%BCbersetzung/englisch-deutsch/Pythagoras%27
http://de.pons.com/%C3%BCbersetzung/englisch-deutsch/theorem
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6.7 Appendix C

Coding Schemir Quality and Quantity of Proof Performance

Coding scheme of proof performance

Order Statement

Theoretical Argument

1 | DAF= DCE

2 u = o

3 . BCE=, BAF

4 AB =CD

5 CD =CE (or ED)

6 AB = DE (or CE)

7 AF = AD (or FD)

8 AD =BC

9 AF =BC
3, 6, 9A The two triangles

10 that arise from cutting the
parallelogram along a diagon:
are congruent.

11 BF = BE

12  FEBis equilateral

13 A  BFE= EFB

characteristics of equilateral triangles
characteristics of parallelogram

Based upon step 1 and 2, decomposing of angle
characteristics of parallelogram

characteristics of equilateral tnigles

Based upon step 4 and 5, direct application of
statements about angles at transversals oft wo
parallel lines

characteristics of equilateral triangles
characteristics of parallelogram

Basedupon step 4 and 5, direct application of
statements about angles at transversals oft wo
parallel lines

Based upon steps 1, 4, and 5;
congruency

Based upon step 10, characteristics of equilatere
triangles

Based upon step 11, identifying relations that go
beyond direct application of single theorems abo
lengths and angles

Based upon step 12, chatexistics of equilateral
triangles

For each step scored, the following quality indicator was coded:

Score Quality of Level reached

0 Statement not mentioned and not marked in figure (and therefore no theoretical

argument was provided)
Statement waslaimed

OO WNBE

Statement was marked in figure

Statement was marked and claimed in figure

Statement was claimed and theoretical argument was provided

Statement was marked in figure and theoretical argument was provided
Statement was marked and oteid in figureand theoretical argument was providec
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Computations of Performance Indicators

Dependent
Variable Label Computed by
1 the number of arguments logically constructe Absolute count
to formulate the proof (based on premises an
conclusions
2 the number of arguments to which a Absolute count

mathematical justification had been added (i.«
a direct reference to a mathemal theory)

3 the quality of those arguments (j.iategration  Average argument quality fc
of arguments) each step iproof path was
divided by the total amount
of steps claimed
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