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General Abstract

Selt-determinatiortheory positsthrough an organismic perspective of human
development, that all humans are inherently curious to assimilate new information and all
naturallybehave for their psychological growtbentrd to thisnatural tendencis the
determinant role of the social environment in maintaiminigindeing this inherent functioof
theself Humans thus develgofhroughtheir life, motivational pattersithat can beharacterized
as being either internabe or notFor SDT, this naturghrocess of integrating n entives,
values, and belief in theelfcan be observed through the internalization continuum of self
determinationThe selfdetermination continuum describes the behavioral regulation of
individuals and can be broke down in two ladg@ensionsautonomous vs controlled
motivation.When applied to the educatiorwntext the theory would say that studentiso
invest themselves in their acaderadtivitiesfor more internalizeénd autonomouseasonswill
bemore likely to experiere positive educational outcose.g., acikevement, perseverance,
deeper learningvell-being, and lower dropout intentionsjowever, recent metanalyses
revealed a small positive association between expliciesaltiation of autonomous motivation
(AM) and academic achievemdna . Cérasaqli, Nicklin, & Ford, 201 4Richardson,
Abraham, & Bond, 20L2Taylor et al, 2014. In those studies, thaternalization dimensions
have been mainly measured through-sgfortmethodologyand even if those measures are
valid and reliable they shoutthly beinterpreedas the accessible declared delbwledge one
individud hasabout his owmmotivatioral dispositionsAs such this thesis embadon the
premise that thosexplicit self-evaluatiors mainly tap into the reflectiveonsciousside on the
human brain and that taking a dyabcess perspective over the integrapoocess could

alleviateour understanding of human motivatidrnis thesis also acknowledges in most dual



process theoriethedeterminantole of working memory capacityvVMC) in the interplay
between the explicit/reflective/controlled and impliampulsive/automatic processélhe ability
to control and direct attentipas measured by WMG@ an important individual differencésat
can explain why some duplocess effect might be working for some individuaisnot for the
other(Barrett, Tugade, & Engle, 20D4n this dissertationmy hypotheses were anchored in
SDT and inspired by the implicit social cognition approach. Accordingly, | aimeg@oring
theinternalizationprocess of university students in the educational confexthat endl|
proposed three original studies described in three different articla@sgticle 1, | first developed
a lexical decision taséf implicit AM based orthe preliminary work oBurton, Lydon,
D'Alessandro, and Koestner (2006hypothesized that explicit and impliéd should interact
in a synergistic manneén the prediction of subsequent academic achieveriMareover, this
synergistic dect should depend on thNeMC of the students, as the integrative process is likely
to be cognitively challengingh sample of 272 university students were recruited and
participated in a lab study (INSPIRE laBResults of moderated regression analysisaked that
explicit AM was a significant predictor of semester GPA, but only for students with high level of
implicit AM, and average to high legaf WMC. This prediction was doublhe size opast
metaanalyses estima(® = .445), thus demonstratinipat incorporating a dugdrocess
perspective oAM enable a more precisecountf internalizationln Article 2, | extended the
lexical decision task withdditionalstimuli, replicated the effect &rticle 1 with Bayesian
estimation and tested a re@mpal hypothesis betweatademicAM and achievemenit.
hypothesized thahe pasticademic achievements of students are likely to influence the
development oAM for university studiesAgain in the INSPIRE 1at258 undergraduate

students partipiated inthis study Results of a mediational model revealed a significant



reciprocal effect of pastcademiachievementexplicit AM and subsequent academic
achievement at university. Moreoveesults fromstudyl were includedas informativeprior in

the Bayesananalysis ostudy 2 A moderateemoderatiormediation model was tested and
revealed a significant synergistic effeetween explicit and implicit AMthus replicating the

effect found instudy 1 This effect was also moderated\WWMC, once again replatingthe

results ofstudy 1 by demonstratinghatsufficient WMC is needed for the synergistic effect of
AM to beoperantLastly, inArticle 31 developedan inlab learning situatiorio evaluate if
dispositiors of AM could be activated outside of the s d e n t s 0 and enablerphcilys s
declaredAM to be predictive of subsequent learnpegrformancémath and verbal

componerd). The beneficial effect of explicit AM on subsequent learning performance was only
observed for the students who were subially primed with AM words. This experimental

study thus stressed on the importaatthe environment in shapingdividualsd b e heweni or
when that environment is unconsciously perceivéu: findings of this experimental study were
thus repositioneth aperson x environmeimtterpretation, as opposedstudy land2 which

were framed in @erson x persomterpretationOf particular interesigontrary tostudes1 and

2, only students with low to average levels of WMC seemed to benefit frontuladicanal

priming of AM words.Students with lower levels of WMC can thus benefit from implicit
situational cues of AM, as the results demonstrate that it can activate the synergistic effect of
AM and ultimately help them perform better e examOveral, this thesidhas provided

empirical evidence for adopting a dymbcess perspective of Albmbiningmotivation and

cognitive research in the prediction of academic achievement
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CHAPTER 1: General Introduction

If someone would interrogate students or any actors of the educational environment about
the key ingredients of academic success, one of their answers would probably be the motivation
of students. Mny educational institutions have identified the motivation of students as an
important determinant of academic sucd€sCUSS, 2013CEA & OISE, 2011 Hidi &
Harackiewicz, 2000and a potential target for interventiofisazowski & Hulleman, 2016
Hence, a common belief among actors of the educational environment is that students need to be
motivated to reach satisfactory academic achievement. Moreover, it is safe to assume that people
view motivaton and achievement atrongly and positivelyelated to one anothdgmpirical
and theoretical investigations of the association between academic motivation and achievement
have been at the forefront of educational research for over 50(Y¢anszel & Wigfield, 200%.
Regardless of the theoretical framework. (iatributional theory, seléfficacy theory,
expectancyvalue theory, achievement goal theory,-satith theory, andelf-determination
theory) used to define motivation and its rel
found to be positiely related with a myriad of positive educational outcomes, such as learning,
persistence, engagement, wadling, and achievemefitazowski & Hulleman, 201,6NVentzel &
Wigfield, 2009. Furthermore, @ademic achievement is known to be an important determinant
of well-being, school completion, future success, and mental and physical(aet) Ratelle,
& Chanal,2008 Richardson et al., 201¥Ventzel & Wigfield, 2009.Over al | , t he stud
motivation is an important determinant of academic sucessheir general psychological
growth as individuals in our societies.

Out of the different theoretical approaches, the-Bellermination Theory framework

(SDT; Ryan & Deci, 201)/has been proven to be extremely useful to desdhe antecedents



and consequences of academic motivation. SDT is a atlaeooy of human development
proposing that humans are active agents of their social world, and engage with curiosity with
their surroundings with an inherent thirst for develophmgrtefficiency, social affiliation, and
autonomy. This fundamental assumption is referred in the theory edeabeative processand

is said to be essential foptimal social functioning and personal wiedling(Ryan & Deci,

2017. Through the influencand interplay of the environment, behavioral regulations can be
observed as being either internalized or not, as described by the internalization of continuum of
selfdetermination. In the educational context, SDT would suggest that individuals with
behavoral regulations that are more internalized/sielfermined/autonomous (now referred as
autonomous motivation; AM), are more likely to experience positive educational outcomes.
However, recent metanalyses have revealed a somewhat smaller than expestethtion

between academic AM and achievemgnt & Cerakoli &t al., 20tRichardson et al., 2012
Taylor et al., 201 Many questions immediately arise from this observation: Why is having
higher AM does not strongly translate in having higher academic achievement? Is this positive
effect onlypresent in some students and not in other students? Are students fully aware of their
own motivational disposition when completing the seffort measures typically used to

measure AM in the extant literatur&8 such, the main goal tfis thesiswasto elucidate for

whom and under which conditions AM may facilitate higher academic achievement.

At the root of psychology is the assumption that all mental operations are not always being
carried out in a conscious mani€arpenter, 1874James, 1890 This thesis main premise thus
revolves around the idea that individuals do not all have access to the same extant to their own
mativation dispositions and the underlying reasons that energized their behaviors. Educational

psychology empirical investigations on the unconscious side of motivation are almost absent



(Weiner, 1990 but have recently gained some deserved attention from the SDT stream of
research outside of the education literaterg.,Burton et al., 2006_evesque, Copeland, &
Sutcliffe, 2008 Lévesque & Pelletier, 2003Even though SDT assumes that indualsare
active agents with freedom, will and autonomggearchers have nonetheless acknowledged that
behavioral regulationan be automatically triggeredut s i d e o fawarenedand/ i dual s 6
activate some motivational procesgkesvesque et al., 2008nitial SDT propsitions have been
made on behavioral automaticity to account for this conscious vs unconscious differentiation
(Deci & Ryan, 1980 but have not been thorougldpd empirically tested. Thus far, most SDT
studies have examined internali zaregoon of onebod
guestionnaires, whichssumehat individuals have accessit@andare fullyaware of their own
motivation disposition. | @ue, in this thesis, thaté assessment of motivation through-self
report measusonly assessesdeclarative form of seknowledgeone has about his or her
motivations. These seteported measures, although reliable and valid, are offering little
pergective to capture the extent to which such declarative knowledge has been fully processed
and integrated within a broader network of mental representations absetf{iGawronski &
Bodenhausen, 2006lofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005

On the basis of a dugkocess perspective, tenants of the SDT approach have recently
suggested thatonverging declarative/explicit/conscious and+declarative/implicit/
unconscious seknowledge could be taken to characterize a more and integrated sense of
autonomy(Weinstein, Przybylski, & Ryan, 20L3As such, the selieporteddeclarative
knowledge of one'sotivationshould be taken as an indicator of a more reflective and integrated
functioningonly whent has been fully processed and integrated within a broader network of

cognitively accessible mentapresentations about the self. In this thesis, | adoptdual



process perspective to have a more precise accountiategeative processf SDT. The basis

of this dualprocess perspective is to acknowledge that sometime AM can be mainly guided by a
reflective/explicit/controlled process or an impulsiwggiicit/automatic procegsStrack &

Deutsch, 2004 The dualprocess perspective that | am premg also acknowledges that

individual differences in the ability to control/direct attention, in the form of working memory
capacity, is an important moderator of the interplay between explicit and implicit AM, as it was

proposed by the seminal articleRarrett et al. (20049n duatprocess theories.

The present thesis propambsthree original studies to foster our understanding of
internalization through a dugrocess perspective that also acknowledges the role of working
memory in this complex interplay. In tffiest study | proposed a model of explicit and implicit
AM to predict the academic achievement of university studentss@émnd studyeplicated the
finding of the first study through a Bayesian analysis and investigated a reciprocal effect of
academic AM and achievement to show that AM not only influences achiatente
achievement also influences AM. In the last #nid study | created an experimental learning
situation and examined the effect of subliminally priming students with autonomous words on
the association between sedported AM and performance orsabsequent exam. The
overarching goal of this thesis was thus to explore the interplayoafifferent cognitive
processes oAM in the educational contexsimg alternative methods€lfreportvs indirect
measures) as a means to further our understgradithe unexpectedly smalssociation between
academicAM and achievement.

Autonomous Motivation and Achievement in the Academic Context
As previously pointed out, many theoriesve been proposed to explain how the

motivation of students can influenttesir welkbeing, persistence, academic achievenand,



general academic careén.this thesis, | focued on the SDT framework for its useful

applicability to achievemerdriented contextée.g. work, sport, and education). Observations
and predictions w#hin the SDT framework come from integrating the organismic perspaddtive
most humanistic approachtesthe behavioral and modern cognitive approaches. The macro
theory framework thus has tremendous heuristic value for investigating human motivation and
cognition interplay in the educational setting.

What is Autonomous Motivation?

SDT builds upon a humanistic approach that considers that all individuals have a natural
tendency toward growth and development of teelfthrough engagement, curiosity,dan
exploration. This tendency denotes a propensity in indivedoahake sensef their inner
psychological experiences and to connect with other individuals in authentic, profound, and
mutually respectful manngrMoreover, the definition of motivationfefred by SDT goes
beyond the notiomof effort and willingness by conceptualizing motivation as a
multidimensional construct in which different reasons or motives are varying in quality based on
the extent to whickhe behavioral regulation is internalizedtheself Individuals who
successfully internalize their regulations will experience their behavior as being more volitional,
selfdetermined, and autonomous. Behaviors that are perceived as more autonomous will shift
the perception of causation to im@re internal, in contrast to external. The continuum of
internalization distinguishes six reasons/regulations ranging from a total absence of regulation
(i.e. amotivation) to more and more internalized regulations (i.e., extrinsic, introjected,
identified integrated, and intrinsic). When an individual is externally regulated his/her behaviors
are contingent on controlling rewards and punishments. Expectation of a reward and avoidance

of punishments thus become the main source of motivation for thosalirals: An external



regulation can also be introjected if the external contingencies are waived. The experience of
introjection is internal but guided by an intrapersonal social factor that give the individuals a
sense that he/her should or must do aqadr behavior. The external and introjected
regulations are thus both described as being controlled motivation and guided by external factors
to theself Overall, individualswith high levels of controlled motivation pursue their given
activities for ex¢rnal reasons and are mostly accompanied with feelings of guilt, shame, and
selfimposed pressure along with an incentive toward receiving rewards or inversely avoiding
undesirable consequences.

Regulations that are more internalized than the introjeegaation are described as
being more autonomous, volitional, and sidtermined. Behaviors guided by an identified
regul ation are more aligned with oneébés value
for the individual. The actions of th@endividuals are consciously endorsed and have a relative
lack of conflict and resistance to behave. Following the internalization continuum, the integrated
regulation provides the basis for autonomous behaviors. Those regulations are in full congruence
with the self, they are authentic and reflect the endorsed values, goals, and needs that are already
part of the self. the more internalized regulation is the intrinsic regulation which describes an
individuals that engage in his/her activities for itsiiest, enjoyment, and inherent satisfaction.
The identified, integrated, and intrinsic regulation all describe a motivational pattern that is more
volitional and autonomous. Overall, thetions of individuals with high levels of AM are more
self-endorsedActivities are thus pursued for the pleasure and interest as well as because they are
perceived as an inherent part of the self and are viewed as important by the person.

Early investigations of the internalization continuum demonstrated that regulations

theorized to be closer together were more highly correlated that those theorized to be distant



(Ryan & Connell, 1989Vallerand & Bissonnie, 1992. Researchers have also useddltorial
analysis to examine the validity of the internalization continuum and found that autonomous
form of motivation loaded more highly on the general autonomy factor than the controlled form
of motivation(Gunnell & Gaudreau, 201bsloward, Gagné, Morin, & Van den Broeck, 2016
Litalien et al., 201). The distinction between autonomous and controlled motivation have thus
been validated across multiple studies and was found to be highly relevant for predicting
meaningful educational outcomes, like persistenamalit, achievement, learning, and
subjective welbeing(Guay, Lessard, & Dubois, 2016uay et al., 2008
Potential Consequences of Autonomous Motivation in thAcademic Context

According to SDT studentsvho pursue theiacademia@ctivities for pleasure in ways
that are consistent with their personal interests, values, and @@aéxpected to experience a
host of desirable consequencescause their motivation disposition are enautonomougDeci
& Ryan, 1985 Ryan & Deci, 2002 Forexample Levesque, Zuehlke, Stanek, and Ryan (2004)
found that AM was positively associated with subjective Avelhg across German and
American university students. Moreover, AM was agissitivelylinked to persistence
(Vansteenkiste, Simons, Lens, Sheld& Deci, 2004 and negatively associated widhopout
intentions over and abovacademic achieveme(iiardre & Reeve, 2003As suchjt would
appear natural to assume thadl plays an important role in promoting the academic
achievement of students. Tr ad itytisiexpressédlingermsst ud e
of grade point average (GPAJhis indicator of achievement is algsal as a selection criterion
for graduate studies, graduate employmentcamevenpredictoccupational statusStrenze,

2007). Overall, GPA has been proved to be a reliable indicator of academic achievement, as well



as having good temporal stability. the current thesis, academic achieeat in the form of
GPA will be use as the main dependent variable.

A positive association has commonly been found between AM and academic
achievementhut the magnitudef this association has been inconsistent across studies. Some
studies have reporteds&rong associatio(e.g.,Ahmed & Bruinsma, 20Q@-ortier, Vallerand, &
Guay, 1995Guay & Vallerand, 1997Soenens & Vansteenkiste, 200&hereas others have
reported a weak associati@g., Kusurkar, Ten Cate, Vos, Westers, & Croiset, R@it3ven a
nonsignificant associatio(e.g., Acee, Cho, Kim, & Weinstein, 2012 hese mixed results are
consistent wittarecent metanalysis orthis topic Taylor et al. (2014performed a meta
analysis on studies £18) that used the Academic Motivation so#®1S; Vallerand et al.,
199217a specific scale for ev athalensof 80F wiahtthedent s 6
goal of assessing the relatgimp betweereach motivational regulaticendacademic
achievement. Small positive effect saeere found for intrinsicr(= .134) and identified
regulations (= .172) whereas small and negativieef size were found for introjected= -

.059) and external regulation=£ -.109). Autonomous motivation, which is composed of

intrinsic, identified and integrated regulation, does seem to have a positive effect on academic
achievement. In addition, eheffect size of the relatiship between autonomous regulations and
academic achievemewas not significantly heterogeneous across studies. Furthermore, effect
sizes for intrinsic and identified regulations did not diffenether the studies used a cross

sectional or a prospective desigverall, students who regulate their behavior more
autonomously are experiencing higher academic achievement, but this association was found to

be relatively small.



A second metanalysig(Richardson et al., 20)2ound thatintrinsic motivation had a
small effect ony when the design was cressctional { = .21) andho effect for studies using a
prospective design € .07) This specific result was also corroborated in gdé metaanalysis
(Cerasaoli et al., 203%n intrinsic motivation and performance (school context;21). In sum,
the association of AM with academic achievement is generally positive, albeit relatively small.
Investigating for whom and under which condition this association might be of stronger
magnitude thus seems to be an important endeavour. AsysbBvpointed out, the assessment
of AM is mainly done through seteport measures which only capture the accessible knowledge
that one individual has about his/her motivation. In this thésgsnvestigatd the role of AM in
academic achievement usiagualprocess perspectivender SDT to better understand the
interplay of awareness, automaticity, cognition, and AM in the prediction of academic
achievement.

Toward a Dual-Process Investigation oAM

Differentiating Explicit and Implicit AM

All studiesincluded in past metanalyses ha¥reported the association between-self
report measures &M indicatorsand academic achievememhis is a common practice in
educational research wherein AMs been primarily measured using-seffort methodologies
(Guay et al., 2008 Selfreport measures were developed a long time ago and are based on an
important premisé introspectiori that has been forgotten over the long Haokke, 2009.
The &cessible content of our brain is only a small portion of what really occurs inside, relative
to the content that is outside of awarend&splicit measures that rely on introspection can be
limited bythe motivation of individualin reporting their mental contethg circumstancen

which they are reporting their mental contéhéir own abilityin reporting this specific content
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and/a their awarenessf the mental content, as the content can be unavailable or blocked during
the introspection proceg¢dSlosek, Hawkins, & Frazier, 20L1There is little doubt that setéport
measures offer valubinformation about psychological constructs that are well defined and
organized around a theory. However, selfort measures only measure the accessible self
knowledge that an individual has about the questions researchers are asking. As such, this
dedarative knowledgewhich is based on declarative/conscious/controlled/explicit cognitions,
needs to be differentiated from those cognitions that can be assessed threugh non
declarative/unconscious/automatic/implicit forms of measurement. The idea therihpossess

two different forms of selknowledge is inherent to most dyalocess theories on learning,
reasoningand social cognition. According to the Systems of Evaluation MddieConnell,

Rydell, Strain, & Mackie, 20Q&Rydell & McConnell, 200§ two separate systems of

knowledge (i.e.implicit vs. explicit) are needed to fully understand the extent to which different
mental representations of the same object can be differentially associated to behavioral
outcomes. There is a long theoreticadl aesearch tradition that aim examiniig how attitudes

and mental representations about the self can coexist and be processed differently to more fully
explicate behavioral respong&s/ans & Frankish, 2009My thesis will build on this research
tradition to further our understanding of the relasioip betweerAM and academic

achievement.

Different theoretical models alreadyist to differentiate types of processing, systems or
modes of functioningf the brain andhey all pertain to the same big family, namely doat
process theorieAlthough there is almost no cressferencing between those theores
pointed out byEvans and Frankish (20Q%®uperficially, the core arguments and categoions

of thementalprocesses are similasne operates automatically whereas the other operates in a
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controlled fashiorfGawronski & Creighton, 2033 Different dualprocess theories have been
proposed to explain this possible brain functioning duality.réfectiveimpulsive modelRIM;
Krishna & Strack, 201 7Strack & Deutsch, 2004s the most influential theory of that nature to
predict social behavior. The RIM assumes that the automatic/impuisiveoatrolled/reflective
processes are distinct cognitive processes that operate in parallel and interact in the prediction of
behavior, but the impulsive component is always in activation, in contrast to the reflective
process that is highly dependentamgnitive resources. The reflective process is theorized to be
rational and rulébased, in contrast wittinassociative cognitive process. This more
controlled/reflective process can be constrained by the working memory capacity of an
individual, as the rmber of proposition/rukbased operatioriacreasemore elememeed to be
held in memoryfor and individuako behave in particular way. This rdb@sed cognitive process
is thus operating in a conscious manner even if some actions are requiring féweogn
resources and might not be accompanied with a full sense of intenti¢balitisch, Kordts
Freudinger, Gawronski, & Strack, 2009he RIM thus offersiseful heuristic to generate
testable hypotheses likely to further our undarding of the underlying processesfdl in the
prediction ofacademic achievement
Two Streams of Implicit Motivation Research in SDT

The investigation of implicit processin SDT is still an emerging perspecti(eg.,
Lévesque & Pelletier, 20QRatelle, Baldwin, & Vallerand, 200%hat has received significantly
less attention compared to explicit fagof AM. Nonetheless, two distinct lines 8DT research
can be distinguished and repositioned within the experimental versus the correlational tradition
that typically characterizsocialand personality psychologist®n the one hand, protagonists of

theexperimentalist approach have used and developed experimental techniques to manipulate or
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prime theAM of participants using subliminal or supraliminal tasks. On the other hand,
advocates of the correlational approach have developed measurement techrogiessto
capture individual differences in implicM. Underlying both methods of investigation is the
assumption that a semantic network of mental representation exists about the reasons one has for
pursuing an activity. In the subsequent sectiomsl| kreview both approaches, and the unique
and complementary contributions they have made

The Experimental/Priming Approach to Implicit Motivation

The incorporation of unconscious processes in SDT was introduds&/bgque and
Pelletier (2003under the theoretical assumptions of the Auiative model ofBargh (1990)
Simply stated, this model proposes that goals can be primed or activated outside of an individual
consciousness in a manner that is likely to influence behavioral output asndlitiidual was
fully aware of the goals. Different tasksvidely used to manipulate attitudes and-selated
constructs in social psychology reseafftolden, 20147 have been adapted to prime
participants with stimuli associated with mental representations of autonomous versus controlled
motivation. In such cases, researchers hypothesize that thesaoimees activation of mental
representations about oA®/1 disposition(i.e., priming) should influence behavioral, emotional,
and cognitive responses. Several experimental studies have relied on priming methods and
demonstrated that individuals primed WAM performed significantly better on a variety of
tasksassessing cognitive and motor skiltsg.Hodgins et al., 203,0_évesque & Pelletier, 2003
Radel, Sarrazin, Jehu, & Pelletier, 20R&adel, Sarrazin, Legrain, & Gobance, 20B8adel,
Sarrazin, & Pelletier, 20Q9Largely speaking, priming methods can be categorized according to

the extent to which individuals are partially unaware (i.e., supraliminal tasks) versus fully
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unaware (i.e., subliminahsks) of the stimuli used to activate the mental representations of
motivation.

A pioneer research projeahyvestigated the automaticity of motivation by creating a
supraliminal primed manipulation for autonomous and controlled motivation with a Sechmbl
Sentence Testesigned to activate mental representations of motivétiévesque & Pelletier,
2003. After the manipulation, participants had to workeomossword puzzle for 15 minutes. In
the first study, participants who were primed autonomously were significantly more intrinsically
motivated, had more enjoyment while doing the task, perceived more choice, and filled more
words in the crossword puzzle<£ .296).However, the authors proceeded with a replication in
their fourth study and failed to replicate the results of the first stndize second study, the
authors asked participants to write down ten reasons they had for attending universityeand cod
the first two motives as being either autonomous or controlled one a scale ranging foor3,
and were described as bertgonically accessible motivational orientation. Motivational
chronicity was significantly correlated with a sedport measw of academic motivatiom £
.34).Hodgins, Yacko, and Gottlieb (2006%ed thesame supraliminal prime procedwfe
Lévesque and Pelletier (200&)d found that participants primed wAM words reportedower
desire for escape, lower &slerving bias, and less sélandicapping than participagrimed
with controlled motivation words. Following those results, anothelysiaoshgthe same priming
methodologyfoundthat individuals primed autonomously repattower threat perception, and
lower physiological response of threat which ultimately incré#sar peformance while giving
a speecltHodgins et al., 2010

Using subliminal prime is usél because it can guarantee that participants are fully

unaware that researchers are trying to activate mental representation of their md@adegn.
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Sarrazin, Lgrain, et al. (2009 aveincorporatedAM words (e.g., willing, free and desirey
controlled motivatiorwords (e.g., constraint, forced and obligationa slideshow displayed to
university students during a lecture in a classrobime. location of thevords on the slide was
selected randomlfor each presentation. Words were presented for 32 milliseconds and a
backward mask wapresented for 16 millisecond®articipants were assigned randomly to the
autonomous or the controlled condition and werenately quizzed on the content of the lesson

at the end of the cla$o significant difference(r = .165) were found between the priming
condition when predicting the quiz performanaijle controlling for regular performance (i.e.,

end of semester fingkrade). Howevemhen theysubsequentlyesedan interaction modelsing
mindfulness dispositioas a moderatoit was found that students who were less mindful were
moreaffected by the priming manipulation, with autonomous prime leading to higher
perfaomance on the quiz. In another study using subliminal prime methodology, autonomous and
controlled words were presented for 45 milliseconds in the parafoveal vision area and followed
by a 60 milliseconds backward ma&tadel, Sarrazin, & Pelletier, 20p9he location of the

prime on the screen was randomly selected to be presented in one of the four sjohtlrant
screen. Afterwards, participants were invited to learn a new motor task, and it was found that
individuds in the autonomous condition performed better on the task25), were more

persistent, put more effort into it, had more interest and enjoyment, and felt more autonomous.
Overall, those experimental priming studies revealed that mental represeotatrcan be
activated outside of the participantsd awaren
behavioral schemata can influence setjulation mechanisms and ultimately task performance.

The Correlational/Measurement Approach to Implicit Motivati on
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Research stemming from a correlational/measurement tradition posits that individual
differences in motivation exist and can be quantified using both explicit/declarative measures
andimplicit/indirect measuresAs such, we can have access to the megpaésentations about
oneds motivation by measuring the rapidity to
(e.g., words, images) associated with a specific form of motivation. For example, if someone
possesses a strong AM, he/she should rapidigtite stimuli that are paof his semantic
network of mental representation, as this information should be more accessible for this person.
In contrast, a person with low AM should not react rapidly to the stimuli assboiateAM
because such stimudhould not be easily accessible.

Studies that have assessed individual differences in implicit autonomous motivation have
either usedmplicit Association Test§lAT; Keatley, Clarke, & Hagger, 201Reatley, Clarke,

& Hagger, 2013220130 Levesque & Bown, 2007 or lexical decisin taskgLDT; Burton et

al., 2006 Radel, Pelletier, Sarrazin, & Milyavskaya,1JADi two frequently used assessment
method in social psychology resear(Rerguson, Hassin, & Bargh, 2008These two methods
have he advantage of using respoieency, which is more suited for measuring implicit traits,
disposition and social phenomena than other more subjective or projective measures (e.g.,
Thematic Apperception Test, Picture Story Exer@selOperant Motive T3 that require
gualitative coding based on relatively arbitrary inferendesordingly, an Implicit Association
Test was developed lyevesque and Brown (200f9r assessing implicit dispositional AM. In
this specific IAT, participants had to categorize stimuli associatdAM in two target
categories (self/me vs other/they) as fast as possible. After this first categorization task, the
categories on the screen were reversed (i.e. left side vs right side) and later used to calculate the

implicit autonomous motivation sa@(Greenwald, McGhee, & Schwartz, 1998his new
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measure of implicit AM was used to demonstrate that implicit AM predictalayay autonomy
(i.e. explicit AM) but only for individuals with lower dispositional mindfulness.

Keatley et al. (2012)klied onthe IAT task developed byevesque and Brown (2007)
and investigated the motivational antecedents of heglited behaviors (i.e. condom usage,
physical activity and fruit/vegetable consumption). Interestingly both implicit and explicit
measure of AM significaht predicted physical activity while only explicdkM predicted fruit
and vegetable consuyotion. This result was replicated ieatley et al. (2013ayhen predicting
time spent on solvable (study 1) or unsolvable (study 2) tasks. Both of the implicidicit e
autonomous motivati@were significant predictsrof perseverance on the task in the regression
model, hence demonstrating the unique contribution of each motivational process. Despite their
noteworthiness, readers should interpret these findimgsously because Keatley and his
colleagues have measured motivation after the task performance, which prevented a non
ambiguous interpretation of the directional effect from motivation to task perseverance.

Alternatively, SDT researchers have also dieyeed a LDT for assessing implicit
autonomous motivatiofstudy 2b of Buion et al., 2006 In a LDT participargare given
instructions to answer the questiégni s t hi s a word?0 as quickly as
stimuli are norwords (i.e., strings of letters with no meaning) and the other half are divided in
two categories: neutral words and motivation words. The reactiongireeorded at each
stimulus presentation and the average reaction time on the neutral words is subtracted to the
averageon themotivation words, as a mean to control for individual défeces in processing
speed. In thir study,Burton etal. (2006 ol | ect ed t he studentds final
administered both implicit and explicit measures of intrinsic and identified reguiatiom

indicators of AMi at some point during the semesturton et al. (2006)eported a positive
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partial correlation of both implicitr (= -.36)* and eplicit (r = .25) identified motivation with
final examination grades. However, results of a hierarchical regression analysis revealed that
only implicit motivation uniquely predicted achievement of the students. This finding should be
interpreted cautiolys given the small sample size £ 53) and the fact that explicit motivation
was measured earlier than implicit motivation during the semester, whicexpkyntheir
differentassociation with final examination grades.
Bringing Explicit and Implicit AM Together

The correlational/measurement research paradigm offers a particularly useful paradigm to
examine the unique contribution of explicit and implicit autonomous motivation in both lab and
field studies. Thus far, this research stream has been fréephaenl need to be brought together,
in a dualprocess model of explicit and implicit ANNonetheless, results from studies
investigating the interplay of explicit and implicit AM can be reinterpreted in ligtitrek
alternative hypotheseggarding theffects of explicit and implicit measures in a dpebcess
models(Fazio, 1990Krishna & Strack, 201;7Perugini, 2005Strack & Deutsch, 2004

First, adouble dissociative hypothesi®uld assume that explitibntrolled/reflective
measureshould ggnificantly predict deliberate and intentional behaviors whereas
implicit/automatic/impulsiveprocesses should significantly predict spontaneous and unplanned
behaviorsAcademicachievement requires deliberate and thoughtful decisions and efforts across
different tasks ovean extendedperiod oftime. As such, and consistent with a double
dissociative pattern, it might be assumed tmy explicit AMshould positively predict
academic achievement because the school context affords sufficient timeléostunddnts to
learn and deliberately think about their decisions. To our knowledge, research has yet to provide

support for this double dissociative hypothdsisAM in the academic context
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Second, amdditive effects hypothesiould assume that bo#xplicit and implicit
processes should comparably and incrementally predict behavioral outé@mesnonstrated
in a metaanalysis of 152 samples, implicit and explicit measures eatlpredict unique
variance that the other measure is not explai(@rgenwald, Poehlman, Uhlmann, & Banaiji,
2009. For academic AMsuch aradditive hypothesiappears defendable because school
achievement might also require the spontaneous enactment of implicéggsde help students
mastering the everhanging demands and opportunities of the school environment. It is not rare
for students to be placed under time constraints and mental overload (e.g., during exams) that
force them to rapidly think and act withdutly reflecting about their decision. Such daily
requirementsover the long haul, might often requile students to alterndbetweertheir
implicit/automatic/impulsivend explicitcontrolled/reflectivgprocesses to obtain optimal level
achievementAs such, both implicit and explicit AM might be comparably associated with
achievement outcomes. As previously reviewed, some support has been foundefidithie
hypothesigKeatley et al., 201,20133.

Finally, aninteractive/moderation hypothesisuld posit that
explicit/controlled/reflectiveand implicifautomatic/impulsivgprocesseshouldinteractto
predict behavioral outcomebhe dualprocess theory of Strack and his colleagkgshna &
Strack, 2017Strack & Deutsch, 20Q4xactly describe this kind of interactibgpothesis. In
their reflectiveimpulsive model, they suggest that the impulsive process is always effortlessly
active. In contrast, the reflective process can sometime be tuned down or inactive. Thus, when
the reflective process is active, it will alwaygerate in parallel with the impulsive process.
Those authors also suggest that synergy between reflective and impulsive processes can reduce

the cognitive effort exerted by individuals.their recent review of the social cognition
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literature,Shoda, McConnell, and Rydell (2014gve concluded thaliscrepanciebetween
differentsystems of evaluatiqne. duatprocess mechanisms) can bring ambivalence and
cognitive dissonance that will eventually lead people to exhibit suboptimal behaviors and
decisionsThis kind of consistency hypothesis thus seems to be \alirabontrasting explicit
and implicit AM. Failure to account for a multiplicative effect of implicit and explicit AM could
explain why researchers have not found strong associations between explicit AM and academic
achievementAM might yield desirablechievement outcomes only for individuals with high
levels of explicit AM and implicit AM in a synergistic manneais this combination might
facilitate the academic achievement of students.

Thisinteractive/moderation hypothedias been tested in the dies ofBurton et al.
(2006)andKeatley et al. (2013a)hese researchers have found mixed suppot
methodological characteristics of these studies warrant a cautious interpretafiein findings
On the one hand, Burton et al. (2006) have reported a significant implicit x explicit interaction to
predict the grades of university students iy dor theidentifiedregulation of SDTThe
researchers probed this interaction using a mesfiiihapproach with a relatively small sample
I a method known to create spurious interactions that rarely replicate across samples
(Bissonnette, Ickes, Bernstein, & Knowles, 1290n the other handeatley et al. (2013a)
failed to replicate this finding in their studies as the interaction term did not reach significance.
Nevertheless, this later fiing should be interpreted prudently because the null multiplicative
effect was obtained with small samples=(72 and 73). In addition, the effect size of the
interactions was not reported, and the results were discussed exclusively in light ofadtatistic
significance. Furthermore, this study tested participants in the lab rather than examining the role

of AM on reallife outcomes such as the academic grade point average of university students.



20

Overall, past research that tested the interactive hypsthesiided scant evidence that does not
allow a clear evaluation of the veracity of the interactive effect.
The Role of Working Memory Capacity in DualProcess Models

In the previous section, | introduced dyabcess hypothesis that could be used to
investigate the interplay of explicit and implicit AM in the prediction of academic achievement.
The main duality distinction that is put forward by dpabcess theories is that behavior is a
product of automatic and controlled processing. Above | have Heddte basis of the
reflectiveimpulsive model (RIM) but purposely avoided to clarify the importance of self
regulatory and cognitive resources in the interplay of the two theorized processes. In the RIM,
the reflective process is said to be limited kg &ibility to process information and thus the
working memory capacity of individuals. Studies have demonstrated that manipulating the
cognitive load of individuals can impair their logical reasor{iDgWall, Baumeister, &
Masicampo, 2008\eys, 200%and selregulatory behaviofHofmann, Gschwendner, Friese,
Wiers, & Schmitt, 2008Thush et al., 2008 Working memory capacity can be largely described
as the ability to control and orient the attent{Barrett et al., 2004and thus can have
tremendous implication for dugrocess model in psychology. The idea that some mental
operations are more easily controlled by some individuals compared to other indivsdieltdo
our understanding of the duatocess interplagBarrett et al., 2004 As suchthe explicit
implicit model of AM proposed in this thesis acknowledges the pivotal role of working memory
capacity in the prediction of academic achievement, by considering its modulating influences on
the interplay of explicit and implicit AM.

Integrating Working Memory Capacity to a Dual-Process Perspective of AM
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As previously detailed, the integrative process of SDT is an inherent tendency to
assimilate ongoing experiences that is observable via the internalization continuum. This psycho
cognitive procss of internalizing autonomous regulation in sleéfvary in quality across
individuals. The internalization of autonomous regulation in its depositional form is often assess
with selfreport methodology. When patrticipants are filling those measuresatb@xtracting
selfknowledge about their own regulation through a controlled/reflective/explicit cognitive
process. Of course this process is most likely influenced by their own motivation, the situation
they are in, and their ability for reporting sunformation about themselvéllosek et al., 2011
Wilson & Brekke, 1994 but | assume, in this thesis, tisatf-evaluation of AM have enough
true variance associated with them to consider the aforementioned factors as measurement error.
In their everyday life, students are guided by their motivation disposition, sometime through a
controlled and volitional press (explicit AM) that is hypothesized to in interaction with its
impulsive counterpart (implicit AM). Moreover, the ability of students to consciously engage and
process motivational information might be limited by their working memory capacities.

Inthe educati onal |l iterature, working memory
most relevant cognitive factors for both shi@tm and long e r m | @anesh Samay Kim,

& Shore, 2015, p. 333This research stream demontgdathat working memory is indeed

Qo

positively related to academic achievement, with mediosharge effectsizeé r a8 . 30; d
e.g.Alloway & Alloway, 201Q Alloway et al., 2005Krumm, Ziegler, & Buehner, 21B; K. Lee,

Ning, & Goh, 2013Lehto, 19950wens, Stevenson, Norgate, & Hadwin, 2088Clair

Thompson & Gathercole, 2008wanson & Alloway, 201pbut with potentially weaker effects

at the university levdlGareau & Gaudreau, 201Rohde & Thompson, 200.AWorking memory

is an essential component of higleeder cognitive processes (j.executive functions) known
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to play a significant role in helping individuals regulate their thoughts, plans, and actions such as
prioritizing tasks and managing their tif@owan, 20141 However, the potentiaole of
working memory in modulating motivational forces has hardly been investigated.

The reflectiveimpulsive mode(Strack & Deutsch, 20Q04nd the seminal article of
Barrett et al. (2004are both pointing in the same direction, and hypothesized that the working
memory capacity is an individual differences variable that could enable researchers to examine
for who and under which conditions dymbcess interplay caretoptimized. Following this
footpath, in this thesis, | investigated the modulating influence of working memory capacity on
the interplay of explicit and implicit AM. | hypothesized that the true benefit of internalization
might be uncovered for individuaivho seHevaluate their regulation to be autonomous and have
an impulsive/automatic process of AM that is more easily accessible. This synergistic pattern of
explicit and implicit AM is also hypothesized to be contingent on the working memory capacity
of students. SimilarhWVeinstein et al. (2013)roposed that the integrative process is likely to be
cognitively challenging and well anchored in the neurobiology of individuals, as evidenced by
neuropsychological studies. The expliatplicit model that | proposed to iegtigate is shown
in Figure 1, which displays the moderating effect of implicit AM and working memory capacity
on the association between explicit AM and academic achievement. Overall, thisaheess
perspective should enlighten our understanding oétteet of AM on subsequent achievement
by bringing implicit social cognition principles right into the heart of SOfirough the
investigation of the integrative process.

The Current Doctoral Thesis
The overarching goal of this thesis was to investighteugh a duaprocess perspective

of AM, the integrative process of SDT by integrating notion from implicit social cognition to
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better understand for which student AM is promoting higher level of achievement in the
university settingThe investigationas proposed in the introduction will be, on the one hand, to
elucidate the somehow weak association of AM and academic achievement and, on the other
hand, to explore the integrative process in SDT through new theoretical perspective in SDT, all
with the ad of a dualprocess perspectivéhree studies are presented in this thesis in form of
articles with different objectives. Wrticle 1, an initial exploration of the explieimplicit model

of AM was investigated. The first step of this exploration waseteelop an implicit lexical

decision task of AM, which was inspired by past studies using similar method@oggn et

al., 2006 Lévesque & Pelletier, 2003Hierarchical moderated regression analysis was
performed to examine the central hypothesis of my thesksticle 2, | continued my

exploration of the explicitmplicit model of AM by first examiningeciprocal effect of explicit

and implicit AM with academic achievement (i.e., whether AM predicts achievement,
achievement predicts AM, or both), and secondly by replicating the resi@ltsabé 1

Moderated mediation analysis was used to test the iffepaht objectives within the confine of

a sole model. Lastly, iArticle 3, a learning situation was designed to investigate an
experimental priming effect of AM on examination performance. Accordingly, students were
randomized in different priming cortitins to investigate whether subliminal activation of AM
could trigger, synergistically, explicit seléported AM to be a better predictor of subsequent
performance on an4lab exam. Overall, sought by this thesis to expand the knowledge of
unconsciouprocesses in SDT and hdheyinfluence subsequent achievement in the academic

domain.
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(H1)

Current
Semester GPA

Explicit AM

(H2)

Working
Memory

Figure 1.The explicitimplicit model of AM with main thesis hypotees. H1 = main effect
hypothesis, H2 = synergistic hypothesis, H2 = cognitive resources hypothesis, AM =
autonomous motivation, CM = controlled motivation, GPA = grade point average.
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CHAPTER 2: First exploration of the explicit-implicit model of AM

Working Memory moderate$e effect of the integrative process of implicit and explicit

autonomaois motivation on academic achievement

Alexandre Gareau & Patrick Gaudreau
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Gareau, A., & Gaudreau, P. (2017). Working memory moderates the effect of the integrative

process of implicit and explicitutonomous motivation on academic achieventgnitish
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Abstract

In previous researclautonomous motivation (AM) has befund to beassociated with
school achievement but the relation hasndaegely heterogeneous across studies. AM has
typically beernassessedith explicit measures likeelFreportquestionnaireRRecent sel
determination theory (SDTesearch hasuggested that converging implicit and explicit
measuresan be taken to checterizethe integrative process in SDDrawing from duajprocess
theories, we contendedat explicit AM is likely to promote school achievement when it is part
of an integrated cognitive system that combines easily accessible mental represén&ations
implicit AM) and efficient executive functioning sample of 272 university studertsmpleted
a gquestionnaire and a lexical decision task to assess their explicit and implicit AM, respectively,
and they also completed working memory capacity meadgrades were obtained at the end of
the semester to examine the skertn prospective effect of implicit and explicit AM, working
memory, and their interaction. Results of moderation analyses have provided support for a
synergistic interactiom whichtheassociation between explicit AM and academic achievement
was positive and significant only for individuals with high level of implicit AWbreover,
working memory was moderating the synergistic effect of explicit and implicit Ayligt AM
was positivéy associated with academic achievement for students with average to high levels of
working memory capacity, but only if their motivation operated synecgistiwith high
implicit AM. The integrative process thus seems to hold better proprieties fevantent than

the sole effect of explicit AM. Implications for SDT are outlined.
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According to SeHDetermination Theory (SDT), people who pursue their activities for
pleasure and in ways that are consistent with their personal interests, values, aackgoals
expected to experience a host of desirable consequ@ees& Ryan, 1985; Ryan & Deci,
2002) In the school domaimchievemenis the prototypical indicator used to evaluate the
learning and success of studefiiattie, 2013; Richardson, Abraham B%nd, 2012) Several
researchers have found a positive association between such autonomous forms of motivation and
academic achieveme(d.g., Fortier, Vallerand, & Guay, 1995; Grolnick, Ryan, & Deci, 1991,
Guay, Ratelle, Roy, & Litalien, 2010floweverrecent metanalyses have revealed an
unexpectedly small average effect size for the associations of intrinsic motiratioh7 and
=.13; Richardson et al., 2012; Taylor et al., 20d4) identified motivationr(= .17; Taylor et
al., 2014)i two indcators ofautonomous motivatiofAM) i with academic achievement.

The goal of this study was fwopose innovative bridges across SDT, implicit social
cognition, and executive functioning further elucidate for whom and under which conditions
AM facilitates academic achievement. Students are not always conscious of their own
motivation, or the underlying reasons that are energizing their behaviors. Students who display
synergy between their explicitly stated AM and implicit/'unconscious AM could bedmoesi as
having integrated their motivations more deeply and would ultimately achieve better grades in
school. Moreover, this integrative process probably requires some cognitive resources, which can
be understood in terms of working memory capacity. imgtudy, we propose a model in which
the relation between explicit AM and academic achievement is moderated by implicit AM, and
in which this moderation effect iIis also moder
(Figure 1). This Explicimplicit M odel of autonomous motivation builds on recent propositions

from SDT researchers that converging high levels of both implicit and explicit motivation can be
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taken to characterize a more integrated sense of autofh@vgsque, Copeland, & Sutcliffe,
2008; Radel, Pelletier, Sarrazin, & Milyavskaya, 2011; Radel, Sarrazin, Legrain, & Gobancé,
2009; Weinstein, Przybylski, & Ryan, 2013his model also tries to integrate cognitive and
norcognitive predictors to better understand their interplay in promotirdpatda achievement.
Working memory is thus added to the model in order to foster a deeper understanding of the
integrative processf explicit and implicit autonomous motivation, which is likely to be
cognitively challengingWeinstein et al., 2013Dveral, working memory capacity should play
a bolstering role to support the relationship between an integrated autonomous motivation (high
implicit combined with high explicit AM) and academic achievement.
Autonomous Motivation and Academic Achievement

Motivation theories have a long history of identifying and investigating the precise
motivational processes capable of predicting and promoting academic achie(\®taetze] &
Wigfield, 2009) SDT has been widely applied in educational psychology researchsbatau
distinguishes six sources/reasons ¢(negulation, external, introjected, identified, integrated, and
intrinsic) underlying the pursuit of school activiti@eci & Ryan, 2008)These five
motivational regulations can also be used to distinguish ilbh(ified, integrated, and intrinsic)
versus controlled motivation (external and introjected). Individuals with high level of controlled
motivation pursue their given activities for external reasons and are mostly accompanied with
feelings of guilt and sime along with an incentive toward receiving rewards or inversely
avoiding undesirable consequences. In contrast, the actions of individuals with high level of AM
are more volitional. They are pursued for the pleasure and interest of the activity as well
because they are perceived as an inherent part of the self and are viewed as important by the

person. In this study, we deliberately focused on AM as autonomous functioning is a cardinal
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feature of SDT and a desirable characteristic hypothesized tofoveltbeing and
achievement.

Although positive associations are commonly found between AM and academic
achievement, the strength of this association is not consistent across studies; some have reported
a strong associatiqie.g. Fortier et al., 199%uay & Vallerand, 1997; Mega, Ronconi, & De
Beni, 2014)whereas others have reported a weak associ@ignBlack & Deci, 2000; Cokley,
Bernard, Cunningham, & Motoike, 2001; Fairchild, Horst, Finney, & Barron, 200@)se
mixed results are certainlypusistent with the ratively small effects reported the meta
analysis ofTaylor et al. (2014and the heterogeneous association reported in theanalgsis
of Richardson et al. (2012n the extant literature, AM has been primarily measured usifig se
report methodologie€Guay, Ratelle, & Chanal, 2008 However, selfeport measures only
assess accessible content of oneds motivation
also described adeclarative knowledgenly reveals one side di¢ motivational story. The
idea that humans possess two different forms ofkselfviedge is an integral postulate to most
dualprocess theories on learning, reasoning, and social cognition. As such, two separate systems
of knowledge (i.e., implicit vs. gficit) are thus needed to fully understand the extent to which
different mental representations of the same object can be differentially associated to behavioral
outcomes. There is a long theoretical and research tradition that aimed at examining how
attitudes and mental representations about the self can coexist and be processed differently to
more fully explicate behavioral respongEsans & Frankish, 2009A closer examination of
AM 7 using a mixture of implicit/indirect and explicit/direct methodaésg is a promising

avenue to unpack its relatively inconsistent relationship with academic achievement.
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The investigation of implicit process in SDT is an emerging perspdetige Lévesque
& Pelletier, 2003; Ratelle, Baldwin, & Vallerand, 20@bat has received significantly less
attention compared to explicit measurement of AM. Several experimental studies have relied on
priming methods and demonstrated that individuals primed with AM performed significantly
better on a variety of tasks.g. Hodgingt al., 2010; Lévesque & Pelletier, 2003; Radel,
Sarrazin, Jehu, & Pelletier, 2013; Radel, Sarrazin, Legrain, et al., 2009; Radel, Sarrazin, &
Pelletier, 2009)Despite their strengths, these studies have rarely examined the contribution of
both explicitand implicit AM. Other researchers have used implicit association(kesatiey,
Clarke, & Hagger, 2012, 2013a, 2013ind lexical decision taskBurton, Lydon, D'Alessandro,
& Koestner, 2006)o assess individual differences in implicit AM within thenfines of a dual
process approach. Results of these studies can be reinterpreted intighatiErnative
hypothesesegarding the effects of explicit and implicit measures in a-pr@ess model
(Fazio, 1990; Perugini, 2005)

First, it can be hypottsized that both explicit and implicit processes should comparably
and incrementally predict behavioral outcomes, as mdalitive hypothesi@Greenwald,
Poehlman, Uhlmann, & Banaji, 2009) the context of school motivation, suchaatditive
hypothesigppears defendable because school achievement might also require the spontaneous
enactment of implicit processes to help students mastering thetevgging demands and
opportunities of the school environment. It is not rare for students to be placedinneder
constraints and mental overload (e.g., during exams) that force them to rapidly think and act
without fully thinking about their decision. Over the long haul, it can be assumed that daily
behaviors often require alternating between implicit and exjpliocesses to obtain optimal

level of task success. As such, both implicit and explicit AM might be comparably associated
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with achievement outcomes. Some support has been found fadthisre hypothesid_evesque

et al., 2008)In a study with a sanhg of Canadian university studenByrton et al. (2006)

reported a positive partial correlation of both implicit(-.36)* and explicit ¢ = .25) identified
motivationi an indicator of AMi with final examination grades. However, results of a
hierarchcal regression analyses revealed that only implicit motivation uniquely predicted
achievement of the students. This finding should be interpreted cautiously given the small
sample sizeN = 53) and the fact that explicit motivation was measured earltaeisemester

than implicit motivation, which may account for their differential association with semester
grade point average (SGPA). Across two studies with British university studeatigy et al.
(2013a)reported that both implicit AM and explicittimsic motivation (i.e., enjoyment)
significantly and comparably predicted perseverance in an unsolvable and solvable task. These
findings should be interpreted cautiously because measures of motivation were taken after the
task performance, which prevedta norambiguous interpretation of the directional effect from
motivation to task perseverance.

It can also be hypothesized that explicit and implicit processes might interact to predict
behavioral outcomes, as in eateractive hypothesidVhat should appen when the implicit and
explicit systems display similar evaluations? Failure to account for a multiplicative effect of
implicit and explicit AM could explicate why explicit AM has often failed to strongly predict
higher level of academic achievemdrr explicit AM to yield desirable achievement outcomes,
it might need to be coherently and consistently accompanied with higher levels of implicit AM.
Higher levels of implicit and explicit AM might facilitate the academic achievement of students.
The cowergence of both explicit and implicit AM could be considered as an indicator of

integration in the seffWeinstein et al., 20135 central assumption to the SDT that has yet to be



32

thoroughly tested. Thisteractive/moderation hypothegiss recently beerejected in the study
of Keatley et al. (2013aNevertheless, these findings should be interpreted prudently because
the null multiplicative effect was obtained with small sampis 72 and 73), the effect size of
the interactions was not reportedddhe results were discussed exclusively in light of statistical
significance. This hypothesis has yet to be tested in sufficiently large samples that would offer
more statistical power to reject the null hypothesis and outside of the lab in the realiacade
lives of students.

Dovetailing of Working Memory and Autonomous Motivation

Two distinct streams of research in cognitive and motivational sciences have established
strong tradition in the prediction of academic achievement, paying closer attentommnitive
and norcognitive factors, respectively. In an attempt to bring together these two research
traditions, we were inspired by the seminaified modebf Kanfer and Ackerman (198®hich
simultaneously tried to incorporate and understand how ohaidifferences in cognitive
abilities and processes of motivation could interact when predicting performances. As such,
allocating some of our research attention to working memory as an indicator of cognitive
resources in individuals appears like anofiremising avenue to clarify the relation between
AM and school achievement.

Working memory has been described as the cognitive ability of simultaneously storing
and processing information; working memory assessments are thus considered measures of the
excutive function that characterizes the exte
relevant information in the fac(onedy, concurren
Macnamara, & Engle de Abreu, 2013, p.243 such, working memory is not a mery system

in itself, but rather an attentional system for memory that passes through conscious awareness
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(Kane, Conway, Hambrick, & Engle, 200T) the realm of cognitive psychology, working
memory has been positively associated with various-bigbercognitive skills such as reading,
listening and language comprehension, following oral and spatial directions, vocabulary learning
from different context, note taking in class, writing, hypothesis generation, and cetagiex
learning(Conway et al., 2005)nterestingly, all of these cognitive skills are required by students
in the overarching goals of the educational system to foster learning of new material and
achievement across a wide range of relatively standardized tests. Being a student ofesn requir
many of the abowenentioned cognitive skills, whether during classes, when studying alone,
reading textbooks, or even discussing with other students.

As shown in our model displayed in Figure 1, the positive association beweedng
memory capacitgnd academic achievement has been firmly established in the literature with
mediumto-large effectsizeé r a . 30; d & .63; e.g. All oway
2005; Krumm, Ziegler, & Buehner, 2008; Lee, Ning, & Goh, 2013; Lehto, 1995; Owens,
Stevenson, Norgate, & Hadwin, 2008; St Clainompson & Gathercole, 2006; Swanson &
Alloway, 2012)obtained and replicated across different measures of working memory (Conway
et al., 2013). Thavorking memory capacityf students was also found to be invalweith
learning at different developmental sta¢es). Alloway & Alloway, 2010) with potentially
weaker effects in tertiary educati(Rohde & Thompson, 2007)and across a variety of
achievement taskseading; Carretti, Borella, Cornoldi, & De BeB@)09; Gathercole, Tiffany,
Briscoe, & Thorn, 2005; math; Swanson & Bedlvankenberger, 2004)

Although both working memory and AM are key factors in the development and the
understanding of academic achievement, research has yet to fully investigdatedahaay to

further elucidate their joint contribution in academic achievement. Our model, shown in Figure
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1, was built on dugbrocess theories principles for describing the additive and the potential
synergistic effects of implicit and explicit prosesi in this case AM when predicting
academic achievement. We expected that both explicit AM and implicit AM will positively
predict SGPA as per tteglditive hypothesim a dualprocess approackin the basis of a dual
process perspective, tenants &RT approach have recently suggested that converging implicit
and explicit seHknowledge can be taken to characterize a more and integrated sense of
autonomy(Levesque et al., 2008; Radel et al., 2011; Radel, Sarrazin, Legrain, et al., 2009;
Weinstein etl., 2013) As such, the selfeported knowledge about one's AM should be taken as
an indicator of more reflective and integrated functiorinty whent has been fully processed
and integrated within a broader network of cognitively accessible meptakentations about
the self.Therefore, we hypothesized that the positive relation between explicit AM and academic
achievement will be significantly stronger for students with high level of implicit AM
(synergistic hypothegis

Our model also recognizéise need to examine the joint contribution of AM and working
memory capacityAs such, we contended that explicit AM is likely to promote school
achievement when it is part of ariegrated cognitive system that combirasily accessible
mental represeations (high implicit AM) and efficient executive functioning (high working
memory capacity). Working memory is likely to set the ugpmund limit for the effectiveness
of an integrated motivational system that combines high levels of explicit AM aniditraddi.
The integrative process needed to build and sustain a cohesive and unified system of explicit and
implicit AM may be cognitively challengin@/Veinstein et al., 2013As such, individuals with
high explicit AM and easily accessible mental repres@ns of their AM (i.e., high implicit

AM) might reach higher level of school achievement only to the extent that they possess a
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sufficient amount of working memory capacity. As eloquently summarizéditoway (2009)
working memory is a potential bagtieck for learningn more operationalized terms, we
propose aesource availability hypothesis which working memory capacity will moderate the
synergistic effect of implicit AM and explicit AM to predict academic achievement. More
precisely, we hypo#sized that the positive relation between explicit AM and academic
achievement will be significantly stronger for students with high level of implicit AM (as per the
synergistic hypothesisbut only forstudents with higher levels of working memory capaci
The present study

A shortterm longitudinal design was employed with explicit AM, implicit AM, and
working memory capacity measured during the semester in order to predict the end of semester
grade point average (SGPA) after controlling for previaslamic achievement As shown in
Figure 1, we hypothesized that the relation between explicit AM and academic achievement is
moderated by implicit AMgynergistic hypothegisWe also hypothesized the synergistic
implicit AM x explicit AM to be moderated byorking memory capacityésource availability
hypothesis

Method

Participants and Procedures

University students were recruited through a participant pool system at a Canadian
university. The sample consisted of 272 undergraduate students (86% fehwmktudied full
time (92.3%), or pastime (4%) and were between the ages of 16 and 38 Wdaxslg.85;SD=
2.41). Students were enrolled in a variety of programs: psychology (20.2%), biomedicine
(15.1%), nursing (11.8%), health sciences (11.4%), conuation (8.8%), natural sciences

(7.0%), human kinetics (6.6%), social sciences (6.3%), and other (5.9%). The sample consisted
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of first (67.3%), second (22.1%), third (5.9%), and fourth (1.5%) year students. Participants
described themselves as Caucas@h3%), Asian (9.9%), Afrdmerican (7.7%), Arabic
(7.4%), Aboriginal/Native (0.7%) and other (6.3%). Each participant received 1 point toward
their introduction to psychology class.

Each participant completed an electronic informed consent form ands?l&uthorized
the researchers to have access to their SGPA. A short questionnaire then followed to obtain
sociademographic information and to complete the explicit motivation assessment. Two
computerized working memory tasf@peration Span, OSPAN and&ing Span, RSPAN;
Unsworth, Heitz, Schrock, & Engle, 200bgre then administered using thd?’RIME software
2.0. Afterward, a computerized lexical decision task measuring implicit motivation was
administered on fPRIME 2.0. Between each of the computedizasks, a twminute break was
given to the participants in order to lessen the cognitive demands of the design. The lexical
decision task was purposely put at the end of the experiment to ensure that any fatigue effect was
generalized across participarand therefore response latencies was assumed as being
comparable between participants.

Measures

Explicit academic motivation. A self-report questionnaire was administered as a
measure of explicit motivation assessing the five regulations of SDT withdme per
regulations; intrinsicly= .772), integrated((= .813), identified /= .687), introjectedy=
.746), and external)= .927). Participants were asked to respond to which extent each items
corresponds to the reason they pursue academic activitiesdt(s.gart of who | anas a
persor) on a scale of Inpt at all) to 7 totally). This new questionnaire has gone through an

extensive validation process across multiple samples with a confirmatory factor analytical
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approach (e.g., CFl =.962, SRMR = .043, factor loadings allealib) with good evidence for
its reliability, concurrent, and predictive validif§audreau, 2014A hierarchical confirmatory
factor analysis, in which the five motivational regulations (i.e.,-frder factors) are organized
into autonomous and cantled motivation (i.e., secororder factors), yielded appropriate fit in
this sampleg®zo) = 75.407p = .001 CFl = .961, RMSEA = .076 90%CIl [.055, .097], SRMR =
.064). Composite reliability was acceptable for autonombusogfficient= .853) and comblled
motivation(H coefficient= .833).

Implicit academic motivation. A lexical decision task was administered as a measure of
implicit motivation. Participants were presented with strings of letters and asked to indicate
whether the strings were wordsnonwords. Participants were instructed to respond to the
strings as quickly as possible and to be as accurate as possible. Half of the strings-were non
words 6 = 20; e.g., foiw) and the other half contained 10 neutral words (e.g., chair), 5
autonomousnotivation words (enjoying, freely, satisfied, volunteer, and autonomous), and 5
controlled motivation words (rewarded, pressured, controlled, constrained, and proving). The
specific motivational words were taken from two past studies that used a tdcsibn task for
assessing implicit AMBurton et al., 2006; Lévesque & Pelletier, 2008}otal of 40 strings
were thus randomly presented for 2008in the center of the screen while response time (RT)
for each was recorded in milliseconds. Participdrad to press as quickly as possible on the
AWO key for wor ds a-wards.cAhinatcchrate réspodse ksevglla§ RTs n o n
below 250mswere filtered out and not included in the scoring protocol. Moreover, RTs 2.5
standard deviations abovecan b el ow each individual 6s mean wer
Individual mean scores were then created for neutral words, autonomous words, and controlled

words. The mean of the neutral words was subtracted from the average autonomous and
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controlledscore, respectively (e.g., autonomous RT(m&argutral RT(mean)) in order to
control for individual variancéBurton et al., 2006)These final scores of AM and controlled
motivation were then used in the subsequent analyses as measures of impliationotiow
scores reflect high levels of autonomous or controlled motivation because they indicate that
mental representations of the motivation are more easily and rapidly accessible (i.e., faster
response time).

Working memory capacity. Two different conputerized tasks programmed by the
Attention and Working Memory Lab at Georgia Tétmsworth et al., 2005)ere used in this
study to assess the participants working memory capacity (OSPAN and RSPAN). Both are short
term memory tasks that are cueing pgvtats to remember different series of letters (encoding)
while performing a secondary task (processing). Each task had a total of 75 letters to be
remembered accompanied by either a mathematical (OSPAN) or a sentence problem (RSPAN).
Participants were propted to keep errors in the secondary task at minif@&¥ or above hit
rate; Conway et al., 2005) detailed explanation of the sequence involved in the OSPAN and
RSPAN can be found idnsworth et al. (2005)/Vorking memory capacity scores ranged from 0
to 75 and reflect the number miemorandunelements that were remembered by individuals
(partiakcredit load scoring, segonway et al. (200%) This scoring method for the OSPAN and
RSPAN has been shown to hold good psychometric propertiesetest, nternal consistency,
construct validity, and convergent validifgedick et al., 2012)}or the purpose of this study, a
global working memory capacity score was created by averaging the OSPAN and RSPAN score
T this is a suggested method to obtain a mbbal indicator of overall working memory
capacity(Conway et al., 2013)nternal consistency for the global working memory was

acceptable (U = .76).
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Academic achievementThe semester Grade Point Average (SGPA) of students who
have authorized the researchers to have access to their SGPA was obtained via the university
centra administration (e.g., Office of viepresident institutional research and planning) after
obtaining the consent of students. SGPA ranged between 0 (F) to 10 (A+). The academic
performance used in this study was collected at the end of the semestaththerdata
collection for working memory capacity and academic motivation occurred. We also obtained
admission GPA to control for past academic achievement in the analyses.

Results
Preliminary Analysis

All descriptive statistics and zeayder correlatias are shown in Table 1. The descriptive
statistics of the OSPAN and RSPAN parabring were similar to the normative sample
agglomerated bfRedick et al. (2012)EXxplicit AM was positively correlated with SGPA%

.189,p = .006) with a magnitude thatas similar to recent metmnalytical estimate@Richardson
et al., 2012; Taylor et al., 2014jnplicit AM also bears similar strength in its association with
academic achievement£ -.154,p = .006). However, working memory had a relatively smaller
association with SGPA than expected=.126,p = .080). Admission GPA had the strongest
association with SGPA € .291,p < .001), thus highlighting the importance of controlling for
this variable in subsequent statistical analyses.

Hierarchical Moderated Regression Analysis

All regression models were tested in the MPLUS software witinlbsemum likelihood
robustestimator, which corrects the standard errors of the parameters in the model. Also, we

used thdull information maximum likelihoodlgorithm fa handling missing data in our sample.

To evaluate the pattern of missing datawe lsédt t | e6s test of missing

c
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(Little, 1988) Overall, the mean percentage of missing data for the studied variables was 7.1 %
ranging between 1.5 and%®l(i.e., 215 of 272 participants have authorized the researchers to
have access to their SGPA). Research in both psychol#gtédmer, Bauman, & Card, 2010)
and educational sciencéSheema, 2014ave revealed that including participants with such
missng data is preferable to excluding them using a listwise deletion approach. This test was not
significant (MCARG? 36) = 46.640p = .110) meaning that the observed pattern of missing data
was not significantly different then a completely random pattemissing dataAll predictors
were standardized before creating interaction terms. In the first analysis, we tested thexexplicit
implicit AM interaction to predict SGPAsynergistic hypothegisin the second analysis, we
tested if the previous interamh would interact with working memory capacity in a thvesy
interaction modelrésource availability hypothegisWe controlled for the effect of explicit and
implicit controlled motivation as well as the effect of admission GPA in all analyses.

Explicit and implicit motivation interaction. A first regression model was tested with
explicit and implicit AM to predict SGPARP = .144;F 5 266)= 11.820;p = .001). Only explicit
AM (b= .178;t = 2.928;p = .003) and admission GPA € .27;t = 4.156;p < .001) significantly
predicted variance in SGPA. In a second step of this analysis, we entered the interaction term of
explicit x implicit motivation b =-.130;t =-2.205;p = .027), which resulted in a significant
increase of 1.3% in explained variangg&Rf{= . 0R3e5= 40p07;p = .027). As
recommended by Cohen et al. (2003), we then proceeded to probe the interact®d atd-1
1SDlevels of implicit AM (see Figure 2, panel AjJigh implicit AM corresponds to faster
reaction time {1SD) on thelexical decision task whereas low implicit AM corresponds to slower
reaction time (+$D); results of simple slopes and figures should be interpreted accordingly.

Individuals with high implicit AM displayed a significant and positive association between
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explicit AM and SGPA = .316;t = 3.591;p < .001). However, the relation between explicit
AM and SPGA was nasignificant for individuals with low implicit AM = .002;t = 0.018;p
= .986).

Working memory, implicit motivation, and explicit motivation three -way
interaction. In a first step, all the main predictors and control variables were entered
simultaneously (see step 1 in Table 2). Only explicit AM and admission GPA positively and
significantly predicted SGPA and the model explained 15.9 % of the variance. Theacond s
step we entered the tway interactive effects of AM (i.e., explicit AM working memory,
implicit AM x working memory, explicit AM x implicit AM). This model did not explain
significantly more variance than in step 1. In a final step, the-thiegenteraction term
significantly explained 5 % of unique variance over and above the main effects, thaywo
interactions, and control variables.

We then proceeded with simple slope analyses to estimate the relationship between
explicit AM and SGPA (acss low and high levels of implicit AM) for individuals with low (
1SD), moderate (mean), and high 8) levels of working memory. The different levels of
working memory moderated the interaction of exphcitmplicit AM, which was not significant
at lowlevels of working memoryf(= .172;t = 1.716;p = .086), significant at average levels of
working memory f§ = -.145;t = -2.043;p = .041), and significant at high levels of working
memory b =-.462;t =-4.024;p < .001). For individuals witlow working memory capacit{see
Figure 2, panel B), the relation between explicit AM and SGPA was significant for those with
low implicit AM (b= .397;t = 2.562;p = .010) but nossignificant for those with high implicit
AM (b =.048;t = 0.425;p = .671). For indr/iduals withaverage working memory capac(see

Figure 2, panel C), the relation between explicit AM and SGPA was significant for those with
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high implicit AM (b =.313;t = 3.911;p < .001) but nossignificant for those with low implicit
AM (b=.018;t=0.174;p = .862). For individuals withigh working memory capaci{gee
Figure 2, panel D), the relation between explicit AM and SGPA was significant and positive for
those with high implicit AM b= .578;t = 4.306;p < .001) whereas it was signifidaand
negative for those with low implicit AMb(= -.360;t = -2.475;p = .013¥.
Discussion

The relation between AM and academic achievement has been found to be inconsistent
across studies and remains to be further explained in the SDT literatiims. dtudy, we adopted
a dualprocess perspective to differentiate the effects of explicit AM and implicit AM. Our
results showed that the relation between explicit AM and academic achievement was positive
and significant for students with high levels wiplicit AM, thus providing support for our
synergistic hypothesigurthermore, this synergistic interaction between explicit AM and
implicit AM was moderated by working memory capacity. For students with lower levels of
working memory capacity, the posii relation between explicit AM and academic achievement
was significant only for those with low implicit AM. For students with high levels of working
memory capacity, the positive relation between explicit AM and academic achievement was
significant onlyfor those with high implicit AM. These findings will be discussed in light of
self-determination theory, social cognitive processes, andesource availability hypothesis
Synergistic Effect of Explicit and Implicit AM

Based on the different systemmisknowledge(McConnell, Rydell, Strain, & Mackie,
2008; Rydell & McConnell, 2006ve have explored the additive and synergistic effects of
implicit and explicit AM for predicting academic achievement. Both implicit and explicit AM

had a significant bivaate correlation with academic achievement. Their respective size (.189 for
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explicit and-.154 for implicit) was comparable to what was found in past literature and meta
analysis{a .. Thi finding is also similar to the resultskxéatley et al. (2013ayho reported

a significant and comparable association of both explicit and implicit AM to predict
perseverance during solvable and unsolvable tasks. Contrary to our precietigasults of our
multiple regression analysis have shown that only explicit AM significantly predicted academic
achievement over and above past GPA. At a first glance, this finding might seem to contradict
the results of past studies. However, resultsoofiplementary analyses revealed similar effects

of explicit AM (b =.208,p = .002) and implicit AM = -.155,p = .049) when not controlling

for past GPA in the regression model. Because previous studies did not control for past
performance, it appears that the support for the additive hypothesis might be conijjugetite
decision to control or not for past performance.

Nonetheless, our results provided a more convincing support feymtleegistic
hypothesidvecauseave found a significant interaction of explicit and implicit AM when
predicting academic achieventers expected, the association between explicit AM and
academic achievement was positive and significant only for individuals with high level of
implicit AM. Measures of implicit AM are presumed to capture the extent to which mental
representation of anhomous motivation are easily accessilble feel motivated, as measure by
explicit autonomous motivation, is not enough to achieve high grades in school. What is even
more important is to have this feeling reciprocated within the self, as measure &gdienr
time in the lexical decision task. Explicit autonomous motivation is thus a good predictor of
academic achievement when implicit autonomous motivation is Rigtent theoretical
developments in SDT have posited that holding high levels of boticibgnd explicit AM

might be taken as an indicator of integratjbavesque et al., 2008; Weinstein et al., 2013)
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Integration can also be conceptualized as the result of having access to-#nswidfige more
quickly and vividly. Hence, explicit AMsi a declarative form of sekinowledge in which the
individuals reflect upon, identity, and assess the reasons why they patrticipate in their school
activities. To the extent that such declarative-ketiwledge is accompanied with easily
accessible mentatpresentations, one can assume that it forms a unified, coherent, and more
integrated web of knowledge about the self that is likely to facilitate the attainment of desirable
life outcomes such as the academic achievement of university students.

Explicit AM might lack the needed volition and energy to translate into measurable
behavioral outcomes such as academic achievement when it is accompanied with less easily
accessible mental representations (i.e., low levels of implicit AM). In such a case, the
disaepancy between implicit and explicit assessments might indicate greater defensiveness and
weaker personality integration likely to minimize the likelihood of securing desirable
achievement outcomé®/einstein, Deci, & Ryan, 20117 his interpretations ialso consistent
with research oThrash, Maruskin, and Martin (201&hich has shown that impliegxplicit
motive congruence increases volitional strength, flow experiences, andeiwel Another
notable finding is that implicit motives are said to otjalirect, and select attention in a way that
helps individuals attend to stimuli in the environment in a more effective ménioge &

Bender, 2009) Therefore, having more accessible mental representations of a specificimotive
in our case high imgtit AM T implicitly guides students toward relevant information, whether

in class or while reading textbooks that are more likely to be needed for academic achievement
to be higher. Overall, our results in support of the synergistic interaction hypathegied that

much can be | earned about the wunderlying proc
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academic achievement when AM is understand with aghegless perspective conveying the
integrative process of SDT.
Cognitive Resource Availability Bolsers the Synergistic Effect

We furthered this investigation by examining the effect of working memory capacity on
the dualprocess perspective of motivation. Results revealed aWagenteraction between
explicit AM x implicit AM x working memory capagjitthat significantly predicted academic
achievement. The working memory capacity of students acted as a moderator of the
interactive/synergistic effect of implicit AM in the relation between explicit AM and academic
achievement, thus providing initial suppto ourresource availability hypothesifnterestingly,
explicit AM was positively associated with academic achievement for students with average to
high levels of working memory capacity, but only if their motivation operated synergisiically
with high implicit AM.

As we previously pointed out, high level of implicit AM in synergy with high explicit
AM can be taken as an indicator of integration. Despite all the positive effects associated with
integration in the SDT literaturgevesque et al., 2@), the processes involved in integration are
potentially cognitively complex and demandifMyeinstein et al., 2013As we showed with our
results, the synergistic interplay of explicit and implicit AM appears to be maximized when
working memory capacitis higher (mean level and +1SD) as the integrative process requires
higher cognitive resources to be able to generate positive behavioral outcomes such as academic
achievement. As the working memory capacity increases, it appears as if explicit AMte able
better predict academic achievement for individuals with high level of implicit AM. Hence, we
can infer from our results that individuals with less available resources (i.e., low working

memory capacity) do not gain from expressing a synergistic pattesplicit and implicit AM.
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Cognitive resources appear to be imporiaifitnot necessary for the integrative process
of seltdetermination to be expressed. This idea is also reflected in the theoretical fBipaclof
and Deutsch (2004Hn dualprocess. Within this theoretical framework, two behavioral
processes are describethe reflective and impulsive. Although the reflective system (i.e.
explicit system) requires higher amount of cognitive resources to help the regulation of behavior,
behavioal outcomes are highly dependent on the compatibility of the two forces. For students
with lower working memory capacity, a synergistic interplay of implicit and explicit AM was not
capable to predict their academic achievement. Our results showed epasstciation
between explicit AM and academic achievement, but only for those students with low implicit
AM. Integration is a cognitively challenging process that is potentially harder to obtain for
individuals with lower cognitive resources. As suclr, msults suggest that individuals with
lower cognitive resources are better off without the integration of their implicit and explicit
motivation as they obtained higher academic achievement when their implicit AM was less
salient.

The integrative process SDT can be described as a natural tendency toward awareness
and congruence within the existing web of g¢&lbwledge. The recruitment of sdédfiowledge,
being an involved step of the integrative process is presumed to have strong prefmetal
activity (Nakao et al., 2009) a region that is often associated with the executive function.
Moreover, the prefrontal cortex is a region of the brain that is associated with autonomous
regulation, specifically the right prefrontal cort@kyan, Kuhl, & Deci, 1997) The integrative
process of implicit and explicit AM seems to have most of its activity in the prefrontal region,
which is incidentally a brain area also associated with working memory. In this study, we

measured working memory as a proxy of cogeitiesources and have found evidence that the
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integrative proceskthe synergistic effect of explicit and implicit AM is contingent on those
resources to predict academic achievement. The synergistic interplay of implicit and explicit AM
might rely on sora of the same cognitive resources and/or neural systems involved in working
memory, which would potentially explain why students with lower levels of working memory
capacity displayed a nesignificant synergistic effect.
Strengths, Limits, and Future Directions

In this study, we interpreted the implicit AM x explicit AM x working memory effect in
light of our cognitive resource availability hypothesis. Past research has shown that working
memory and intelligence are highly correlai@dkerman, Beier, & Bygle, 2005) Therefore, it
remains uncertain whether our results are specific to working memory or if working memory,
general intelligence, or both are responsible for the effect that we observed in this study.
Researchers should measure both working memnaalyintelligence to investigate their unique
contribution in moderating the implicit AM x explicit AM effect. Observing that only
intelligence moderates the synergistic effect of implicit and explicit AM would indicate that
individual differences in cogtive abilities is the pivotal factor explicating why the integrative
process does not always positively predict academic achievement. Observing that only working
memory moderates the synergistic effect would support our cognitive resource availability
hypahesis. For now, considering that we only measured working memory, it is important to
highlight that both interpretations are equally defendable and would require future scrutiny in a
study designed to compare their tenability.

This study relied on a Igitudinal design in which all variables were measured rather
than experimentally manipulated. Although our results cannot be interpreted as offering support

for the causal effect of AM, it is important to highlight that motivation measured during the
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semeter prospectively predictetheir semester grade point average while controlling for
admission GPA. Understanding the factors associated with success of university students is a
national priority to promote webeing, optimal learning, and timely gradwation the campuses
across the countffCACUSS, 2013; Douce & Keeling, 2014 onetheless, research will be
needed to determine whether we can generalize our result to younger populations of students

such as those in high school and elementary school tigatisg the synergistic effect and the

integrative process at earlier educational and developmental stages during which greater variance

should be found in cognitive resources of students would permit greater generalization of these
effects. The integratie pr ocess of oneds motivation into
some developmental features that will also need to be investigated in future research. Knowing
that working memory capacity follow the general trend of brain maturation from childbood
late adolescenggonklin, Luciana, Hooper, & Yarger, 20Q0%e could expect the integrative
process to follow the same maturation process. Interestingly, the association of working memory
and academic achievement had only been infrequently assesisethiwersity student@Rohde
& Thompson, 2007)Our study thus complements this scant literature while highlighting the
need to examine to which extent and why does the relation between working memory and school
achievement seems to fluctuate across agepg. Overall, replication is warranted considering
the complexity of our hypothesis and our acceptable but relatively small sample size.

In recent research, other measures like the implicit association test (IAT) were used to
assess implicit motivationithin the SDT frameworkKeatley, Clarke, Ferguson, & Hagger,
2014, Keatley et al., 2013a, 2013Bp far, research has yet to compare the predictive power of
different methods used to assess implicit AM. As such, future research should incorporate

multiple measures of implicit motivation to compare their predictive validity. Moreover, our

a
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study did not yield a large number of trials for the lexical decision task which could limit the
interpretability of our implicit scores of motivation. The number @f$rivas however based on
past studies using the same methodol@yton et al., 20060 order to facilitate comparison of
our results with those already published in the extant literature. Despite the need to triangulate
our findings with other implicimeasures, a notable strength of our study was the minimization
of commonmethod bias because different methods were used for each variabtepeeif
measure for explicit AM, response latency scores for implicit AM, span task scores for working
memory c@acity, and objective semester grade point average for academic achievement.
Therefore, we have reason to believe that the effects reported in this study have not been
overestimated by a shared method variance bias.

An important avenue of future investigat in motivation sciences would be to expand
our findings by examining different positive outcomes. In the SDT literature, integration has
been associated with wdleing(Weinstein et al., 2011¥ustained energ§rRyan & Deci, 2008)
better adaptation tstresgWeinstein & Ryan, 2011)and nordefensivenes@/Neinstein, Brown,
& Ryan, 2009) Success in the school domain can be difficult to obtain because it requires
sustained effort, dedication and task engagement, and it is also something thativematieata
normal curve is either implicitly or explicit imposed on the distribution of grades. Accordingly,
investigating the association of integration with other performance outcomes that might be less
influenced by administrative schooling policiegg(eschool engagement, personal goal progress,
and personal improvement) is an interesting avenue for future research.

Conclusion
In past studies, the association between AM and academic achievement was weaker than

expected and inconsistent across studrethis study, we explored different avenues from social
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cognition in order to unpack the somehow small association between AM and academic
achievement. Information obtained with sedport questionnaires is valuable but probably gives
an incomplete picire of the motivations at plgyigfield, Cambria, & Eccles, 2012\Ve have

thus used a mixture of explicit/direct and implicit/indirect measures of motivation as a way to
captures the intricate nature of the integrative procassentral argument of SD In this study,

we contended that explicit AM is likely to promote school achievement when it is part of an
integrated cognitive system that combirasily accessible mental representations (high implicit
AM) and efficient executive functioning (high wng memory capacity). We showed tlmégh

level of working memory appears needed to maximize the extent to which the synergistic
interaction between implicit and explicit AM positively predicts academic achievement.
Although the integration of implicitrad explicit AM might be desirable to promote academic
achievement, such as synergy appears to benefit those students with a higher level of working
memory. Integration might be cognitively demanding and it appears like a sufficiently high
amount of workingnemory capacity can act as a bottleneck that limits the potentially desirable

effect of autonomous motivation on academic achievement.
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Footnotes

! Please note that this negative correlation should be interpreted as a positive correlation.
High scores o an implicit measure with a lexical decision task denote low level of implicit
motivation and vice versa. In this particular association, higher level of implicit motivation was
associated with higher semester grade point average.

2 Study 2b of Burton edl. (2006) reported a significant implicit x explicit effect to
predict semester GPA. However, the study relied on a sample of participants who previously
took part in a study in which intrinsic motivation was primed (see Study 2a). Furthermore, the
statigical analyses were undpowered due to a small sample size and the mexitinapproach
to probe the interaction may have complicated the interpretation while potentially creating
spurious findings that are unlikely to replicate.

3 Explicit and implicitcontrolled motivation interaction was tested and revealed no
significant interactiona 1,265 = 0.947 p = .330). Triple interaction of explicit controlled
motivation, implicit controlled motivation, and working memory was also not significant

(e (1,269 = 0.712 p =.399 when predicting academic achievement.
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Table 1

DescriptiveStatistics andZero-Order Correlations

Variables M SD  Skew Kurtosis 1 2 3 4 5 6
1. Explicit AM 4924 1.039 -0.399 -0.260

2. ExplicitCM 2,544 1.299 0.755 -0.061 .039

3. Implicit AM? 35.006 62.143 2.007 11.703 115* .054

4. Implicit CM? 33.227 62.925 0.926 5.245 .057 -.063 .530**

5. GlobalWwMC 55.271 11.404 -0.900 0.664 .046 .065 -.019 -.044

6. Admission GPA 8.464 1.308 -0.899 0.615 .089 -117  -112*  .044  .187*

7. SemesteGPA  6.700 1.702 -0.344 -0.176  .189* .050 -.154** -119 126 .291*

Note * p< .05 ** p<.01. AM = Autonomous motivation. CM = controlled motivation. WMC = working memory

capacity.?Faster reaction time (lower score) denotes higher implicit motivation.
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Hierarchical moderated regression analyfis thethreeway interaction models
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Variables Step 1 Step 2 Step 3
t b t b t b
Main effects
Explicit autonomous motivatioAM) 2.852 A77** 2452 A57* 2.763 .166**
Implicit autonomous motivatio(AM) 2 -1.333 -.106 -0.753 -.064 -0.423 -.035
Working memorycapacity (WMC) 0.921 .059 0.941 .062 0.651 .043
Interaction terms
Explicit AM ximplicit AM -1.816 -.129 -2.043 -.122*
Explicit AM x WMC -0.314 -.021 -0.974 -.056
Implicit AM x WMC -0.009 -.001 0.041 .003
Explicit AM x implicit AM x WMC -3.911 -.226**
Control variables
Explicit controlled motivation 1.147 .071 1.081 .065 1.198 .073
Implicit controlled motivatiod -0.791 -.078 -0.815 -.080 -0.640 -.063
Admission GPA 3.836 .265** 3.843 270** 3.816 .269**
Variance explaine®? (aR?) 14.7% 15.9% (1.2%) 20.9% (5%)
F change statistics 7.611** 1.132 15.296**

Note.* p< .05 ** p< .01.2Faster reaction time (lower score) denotes higher implicit motivadtien272. Standardized
coefficients are preséed. Presentedtésts are based on the unstandardized coefficients and their respective stande

errors.
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Academic
Achievement

Explicit AM

Working
Memory

Figure 1.The explicitimplicit model of autonomous motivation. Implicit AM moderates th
association between explicit AM and academic achievement whereas working memory
moderates the explicKM x implicit AM interaction. AM = Autonomous motivation.
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Panel A
10.00 Explicit X Implicit interatior
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Figure 2 Results from simple slope analydfanel A is for the explicitmplicit interaction. Panel B2-D pertain to the threway
interaction. High implicit corresponds to faster reaction time (lower response latencies) on implicit autonomous mbawatior
implicit corresponds to slower reaction time (higher responses latencies) on implicit autonomous motivation.
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Abstract

Self-determination theory (SDT) assumes that students who act with more volition and
autonomy are more likely to be successful in their academgercdn this study, we sought to
investigate two lingering issues about the association between autonomous motivation (AM) and
academic achievement. On the one hand, past academic achievement are most certainly
important to the development of future AMyttihe reciprocal nature of this association has been
largely ignored in the literature. On the other hand, assessments of dispositional AM through
selfreported methodology may not fully capture the internalization process of AM. Recently, it
was proposethat adopting a dugdrocess perspective over AM could enable of more precise
observation of internalizatiof@xplicit-implicit model of ANIGareau & Gaudreau, 201 TVe
sought to replicate the rd&iof this model which contends tha is mostly efficient when
accompanied in synergy with high levels of implicit AM and working memory. During a
semester, 257 university students completed aaptfrt measure of AM, a lexical decision task
of AM andworking memory tasks. Semester GPA was used as the main dependent variable and,
in order to explore reciprocal mechanisms, admission GPA was used as an indicator of past
academic achievement. A Bayesian moderated mediation model was estimated andaevealed
small significant reciprocal effect of explicit AM and academic achievement. The Bayesian
model succeeded to replicate the resulbafeau and Gaudreau (201fHus strengthening

postulates of the duglrocess perspective of AM. Implications for SDT are furthecubsed.
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The Relationship between Autonomous Motivation and Academic Achievement Goes Both
Ways and Depends on Implicit Motivation and Working Memory Capacity
Self-DeterminationTheory(SDT) proposes that individuals who pursue their activities
out of pleasure and for reasons that are aligned with their personal interest, values and goals are
more likely tothrive in theeducationatiomain(Deci & Ryan, 2008)Countless studies have
revealed that academic autonomous motivation (AM) is a desirablegbsgial factor for a
host of academic outcomes, from primary to tertiary education. Students with higher AM
experience more positive achievement emot{@mnzalez, Paoloni, Donolo, & Rinaudo, 2012,
Kim & Pekrun, 2014)generally persevere more in thedies(Guay, Lessard, & Dubois,
2016) can consolidate new knowledge befiéansteenkiste, Simons, Lens, Sheldon, & Deci,
2004) have higher subjective wdleing(Levesque, Zuehlke, Stanek, & Ryan, 2Q@&)d
experience lower dropout intentioftdardre& Reeve, 2003; Vallerand, Fortier, & Guay, 1997)
Ultimately, students who display higher levels of AM should be psychologically equipped to
reach higher levels of achievement. However, a raptdysis revealed surprisinglysmall but
positive associatiobetween academisM of university studentandtheir academic
achievemenfr = .17; Richardson, Abraham, & Bond, 201R2yen if AM is a strong and robust
predictor of many good educational outcomes, academic achievement remains the yardstick used
to bencimark students. Hence, exploring more deeply this unexpectedly small relationship is
pivotal for further theory elaboration and the development of motivational interventions that
would promote the academic success of university students.
In this study, ougoal was to address two lingering issues about the relationship between

AM and academic achievement. First, researchers have largely focused on the unidirectional

influence of AM on academic achievement. However, SDT assumes that the development and
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particularly the maintenance of AM operates reciprocally with the environ(Rsain & Deci,
2017) Past academic achievements are more than justretest of achievement overtime and
can thus be conceptualized as an informatifeedlback for students thatay facilitate the
development and maintenance of AM during their academic curriculum. In turn, the developed
AM of university students should predict their subsequent university achievement while
controlling for their past achievements. Secondly, a restedly fromGareau and Gaudreau
(2017)proposed a novel approach that explains why the relation between AM and academic
achievement is of such low magnitude. Based on arguments from implicit social cognition, they
proposed that the relation between AM agddemic achievement is higher for students who
also possess higher levels of implicit AM and working memory capacity. Herewith, the goal of
this study was to replicate the preliminary findings from éxiglicit-implicit model of AM
(Gareau & Gaudreau, 2@) and to expand this research by examining a reciprocal model in
which past academic achievement predicts explicit AM, which in turn predicts subsequent
academic achievement.
AM Predicts Academic Achievementand Vice Versa

SDT assumes that individualseanherently curious, sethotivated and eager tievelop
and maintain their competend®cause succeeding, regardless of the context, is personally
satisfying and rewardinddowever, this natural tendency is not deployed similarly across
individuals beause of the direct influence of so@avironmental factors that are known to
modulate the satisfaction of basic psychological need (i.e. autonomy, competence, affiliation).
Forthesereasos, SDT has been widely applied to the educational context bechiise
heuristic valuen investigating interindividual differences in academic motivat®DT

distinguishes five tymeof behaviorakegulations (external, irdgjected, identified, integrated, and
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intrinsic)thatg ui de 1 ndi v iTheaaatibrobindibidualsamho display higher levels

of external and introjected regulation are said to be more controlled and mostly guided by
external factors to thegelf In contrast, individuals who display higher levels of identified,
integratedand intrinsicregulationsact more autonomously and their behaviors are mostly
dictated by theiself(Deci & Ryan, 2008)On the one hand, students who pursue their academic
activities with high levels ofontrolled motivation (CMgare doing it for external reasorts,

obtain rewardsavoidundesirable consequenc¢asd out of shame or guildn the other hand,
students displaying high levels of AM are pursuing their academic activities out of volition,
pleasure, interesand because they feel that going to schoohrs @f who they ardn the

current study, we focused on AM given the centrality of autonomy in SDT and its importance in
promoting achievement, wdbleing, health, and general skihctioning.

Positive associations have usually been found between iodicztAM and academic
achievement. However, the strength of this association has not been consistent across studies.
Some studies reported a strong associdfontier, Vallerand, & Guay, 1995; Guay &

Vallerand, 1997; Mega, Ronconi, & De Beni, 20a#dylothers reported a weak association

(Black & Deci, 2000; Cokley, Bernard, Cunningham, & Motoike, 2001; Fairchild, Horst, Finney,

& Barron, 2005) Recent metanalyses have revealed a positive association between indicators

of academic AM and achievement @ss different educational levelSerasoli, Nicklin, & Ford,

2014; Richardson et al., 2012; Taylor et al., 20T4E overall effect found in those meta

analyses was relatively small but positivé( . 177), thus revealing the
for whom and other which conditions AM can influence academic achievement more strongly.

Most studies conducted thus far have examined the influence of AM on achievement

without considering the influence of achievement on AM. The reciprocal nature of the
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relaionship between academic AM and achievement has remained largely unexplored despite
being a central assumption of S[8heldon & HouseMarko, 2001; Vallerand, Pelletier, &
Koestner, 2008)University students have completed primary and secondary edydhty thus
have an extensive developmental history of academic achievements. Throughoutltheir K
education journey, university students have accumulated knowledge and psychosocial skills that
provide them with resources to deal with the many challeofgtestiary education. As such,
students do not enter university with a blank slate and their past academic achievements are
likely to influence the reasons why they participate in tertiary education. Studies investigating
the reciprocal effect of AM anachievement have mostly been conducted with samples of
elementary school students. Results revealed a somewhat smaller than expected positive
reciprocal effect of intrinsic motivation and academic achievelf&atorrCarrier et al., 2016;
Schaffner, Philipp& Schiefele, 2016; Weidinger, Spinath, & Steinmayr, 2015; Weidinger,
Steinmayr, & Spinath, 2017%imilar findings were obtained in a lotgrm longitudinal study

with a sample of students followed from primarif (ade) to junior high scho@™" grace;

Corpus, McClintieGilbert, & Hayenga, 2009High school students were also surveyed in
another study, and a small positive reciprocal effect of academic intrinsic motivation and self
reported academic achievement was found over a one year @eaigd et al., 2014)A study

was also conducted on the transition from high school taipirersity colleggTaylor et al.,

2014; study 3and it was found that intrinsic motivation was still a relevant predictor of
subsequent achievement, but introjectedandtivation regulations were also negative
predictors of achievement in the first year of college. In the same study, high school achievement
was not a significant predictor of intrinsic motivation once in college, but it is important to note

that for ths specific study past achievement was an aggregation of math and science only.
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Overall, AM and achievement do seem to operate under relatively small reciprocal effects that
are nonetheless fairly consistent across studies.
A Dual-Process Perspective of AM

All of the above reviewed studies have reported associations betweespsetf
measures of AM and academic achievement. Evesififeport measuresffer valid and reliable
information on individual sé mot i weacdessiblity t hey
of such abstract construct. Participants are retrieving mental representations about themselves
when filling up a selfeport measure, but the clarity of this retrieval can be limited
by the motivation of individualin reporting their nr@al contentthe circumstancen which they
are reporting their mental contettieir own abilityin reporting this specific content andtbeir
awarenes®f the mental content, as the content can be unavailable or blocked during the
retrievalprocesgNosek, Hawkins, & Frazier, 2011 onsistent with most dugirocess theories
on learning, reasoning and social cognitjgrans & Frankish, 2009)heexplicitimplicit model
of AM(Gareau & Gaudreau, 201differentiates theleclarative knowledgassessedith self
report methodology through a conscious/controlled/explicit/declarative cognitive process from
thenondeclarative knowledgassessed with indirect cognitive methodology through an
unconscious/automatic/implicit/nedeclarative cognitive process.

Dualprocess theories have yet to be fully taken into consideration by SDT researchers.
However, propositions have been made to include social cognition principles like automaticity,
awareness, and defensiveness to the SDT framglweviesque, Copeland, Sutcliffe, 2008;
Weinstein, Przybylski, & Ryan, 2013)ifferent experimental studies have used priming
methodology to induce AM and have found that individuals primed with words characterized by

autonomous motivation performed better on a variety @bi@sg. Hodgins et al., 2010;
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Lévesque & Pelletier, 2003; Radel, Sarrazin, Jehu, & Pelletier, 2013; Radel, Sarrazin, Legrain, &
Gobancé, 2009; Radel, Sarrazin, & Pelletier, 20B8¥ed on the principle of automaticity

(Bargh, Schwader, Hailey, Dyer, & Bthby, 2012)the mental representation accessibility of

oneds AM and CM can be indirectly measured by
reacts to specific stimuli of AM and CNResearchersonducting correlational studies have thus

used indiret cognitive measures to capture individual differences in implicit(BNtton,

Lydon, D'Alessandro, & Koestner, 2006; Keatley, Clarke, & Hagger, 2012, 2013a, 2013b;

Levesque & Brown, 2007; Lévesque & Pelletier, 2068y example, if someor&as high levis

of AM, he/she shouldeact more rapidlyo stimuli(e.g., words) associated with AM, as this

information should be more easily accessible for this person.

In a recent theoretical pap&¥einstein et al. (2013)ave proposed that the convergence
betweernimplicit and explicit AM should be taken as an indicator of integration. In other words,
the integrative process might not be fully captured by the sole explicit assessment of AM. A
compl ete account of ogselewddd bé betteeagveyadtthiroogna of A M i
dualprocess model that considerate both the awareness of such motivation and how easily
accessible those mental representations are. Based on this assu@grgan, and Gaudreau
(2017)recently proposed axplicit-implicit model of AMo elucidate the complex association
between AM and academic achievement. Results of a study conducted with a sample of 272
university students revealed that implicit AM moderated the relationship between explicit AM
and academic achievement. Explicit AMsaa significant predictor of academic achievement
only for students with higher levels of implicit AM. For the students with lower implicit AM, the
association between explicit AM and academic achievement was not significant. Those results

hold up even whecontrolling for explicit CM and past academic achievemBme. explicit
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implicit model of AM advanced bgareau and Gaudreau (201f))s seem to explicate why
studies examining the association of explicit AM and academic achievement has produced mixed
ard small effects. The explicit process of AM might need to act in synergy with its implicit
counterpart to maximize the beneficial effect of explicit AM on achieveniteayppears that both
explicit and implicitAM should be part of a dugkocess system wmvhich conscious and
unconscious motivation are coherently linked in the self. As such, this coherently organized
sense of self labeled and referred to as an integrative protesgygests that converging high
levels of both implicit and explicit seknowledge denotes and represents an integrated sense of
autonomy likely to be conducive of the most desirable outcgWemstein et al., 2013)

As in many duaprocess theories, the expliamplicit model of AM also acknowledges
the undeniable influencd oognitive functions, such as the working memory capacity of
individuals(Barrett, Tugade, & Engle, 2004; Carlston, 2010; Strack & Deutsch, 2004)
Individual differences in the ability to control attention, as conveyed by working memory, might
explain hae an important role to play bringing and handling mental representation into
awareness. Simply stated, working memory can be seen as the cognitive ability of
simultaneously storing and processing information, and can also be described as an attentional
system for memory that maintains activation of ge#tvant representations outside of the
individual awarenes@ane, Conway, Hambrick, & Engle, 200Trough is executive center
(Baddeley, 2012)The activation mechanism that passes through the cergaltive can thus
be considered as Athe gateway of accessibilit
(Barrett et al., 2004, p. 554paired with duaprocess principles, individual differences in
working memory capacity will likely influencedéhi vi dual sé6 ability to refl

experience and to control their thought and feelings. As such, the expjpitit model of AM
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proposed that explicit AM can predict academic achievement when it is accompanied with high
levels of both implicitAM (synergistic hypothesignd working memory capacitgggnitive
resources availability hypothegifResults from the study @areau and Gaudreau (2017)
provided initial support for this complex thregy interaction (i.e., explicit AM x implicit AM x
working memory) in predicting academic achievement of university students. Thus a dual
process perspective of AM offers novel insights to further our understanding of the integrative
process of SDT by incorporating social cognition principles to the hutitaspproach of SDT.
The Present Study
In this study, our goals were twofold: (1) estimating the reciprocal effect of explicit and
implicit AM on subsequent academic achievement and (2) replicating thenwthyeiateraction
revealed inGareau and Gaudre&2017) In this study we relied on a longitudinal design to
evaluate the reciprocal effect of explicit and implicit AM on subsequent academic achievement
of university students. We hypothesized that admission GPA (i.e., past achievement) would have
a posiive but small effect of explicit AM at university and that higher levels of explicit AM at
university would predict subsequent academic achievememipfocal hypothes)s We also
hypothesized that the association between explicit AM and subsequenhacadeievement
would be moderated by implicit AMsynergistic hypothesisnd that this moderation would be
contingent on working memory capacitognitive resources availability hypothésig/e thus
expected that explicit AM predict subsequent acadawticevement more strongly for
individuals with high levels of both implicit AM and working memory.
Method

Participants and Procedures
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University students were recruited through a participant pool at a Canadian university.
The sample consisted of 258 undadyate students (74.8% female) who studied full time
(94.6%), or partime (5%) and were between the ages of 17 and 58 yWdax<sl0.72;SD=
4.16). Students were enrolled in a variety of prograansss different facultiesciences (28.3
%), social sciaces (26 %), health sciences (21.3 %), art (14.3 %), medicine (4.7 %),
management (2.7%), and engineering (2.3Pkg sample consisted of first (62%), second
(22.9%), third (7%), and fourth (7%) year students. Participants described themselves as
Caucasiarf55.8%), AfrecAmerican (10.2%), Asian (14.8%), Arabic (6.6%), Hispanic (3.1%),
Aboriginal/Native (0.7%) and other (8.5%). Each participant recdiveghoints toward their
introductoy psychology clasdt is important to mention that this sample did aeérlap the
sample ofGareau and Gaudreau (201MApwever, this sample was ugedexamne a separate
research question, with different nonoverlapping psychological variables predicting semester
GPA (Gareau, Chamandy, Kljajic, & Gaudreau, 2018)

Each partippant completed an electronic informed consent form and20af the 258
studentsalso authorized the researcherfidwe access to theiemester GPA ankigh school
GPA. A short questionnaire followed to obtain sede@nographic information araiself
reporedmeasure oicademic motivatioh Two computerized working memory tagiperation
Span, OSPAN and Reading Span, RSPAN; Unsworth, Heitz, Schrock, & Engle w&f@3hen
administered using the-ERIME software 2.0Lastly, a lexical decision tagkeasuring implicit
motivation was also administered withFFHRIME 2.0.The whole procedure was performed in a
lab setting and took approximately 90 minutes.

Measures
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Explicit academic motivation. A self-report questionnaire was administered as a
measure oéxplicit motivation assessing the five regulations of SDT with two items per
regulations; intrinsicly= .867), integrated = .826), identified (J= .785), introjected U=
.826), and externall= .909). Participants were asked to respond to which extent each items
corresponds to the reason they pursue academic activitiest(is.gart of who | amas a
persor) on a scale of Inpt at all) to 7 totally). This questionnaire has gone throungany
confirmatory factor analysis across different samples with good evid@nite reliability,
concurrent, and predictive validifiBrunet, Gunnell, Gaudrea&, Sabiston, 2015; Gaudreau,

2015; Gaudreau, Gareau, Franche, Kljajic, & Perreault, 2CBhposite reliability was
acceptable for autonomoud €oefficient= .934) and controlled motivatio(H coefficient=
843).

Implicit academic motivation. A lexical decision tasLDT) was administered as a
measure of implicit motivation. Participants were presented with strings of letters and asked to
indicate whether the strings were words or-mards. Participants were instructed to respond to
the strings as quity as possible and to be as accurate as possiltgal of 276 strings were
presented to each participants, half of those strings werevoals generated witRastle,
Harrington, and Coltheart (2008pnword database. Thus, 136 pronounceablewortsthat
varied from 5 to 7 letters were used in this LDT. The other half were words split in three
categories: neutral, autonomous and controlled words. The specific motivational words were first
selected fronGGareau and Gaudreau (201pwever, a notablénhit of that previous study was
that not enough words were presented, which can mitigate the precision of the aggregated
reaction time scores. To complement the list of autonomous and controlled motivation words, we

scanned various seléport questionnass that measured the SDT regulation and extracted 46
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autonomous and 46 controlled motivation words. In the end, 136voors, 46 neutral words,
46 autonomous words and 46 controlled words were used in the LDT. However, once taken out
of their original setence (as per an item in a se¢port questionnaire) many of these words were
no longer representing the concepts of autonomous and controlled motivation (e.g., happy, joy,
|l ove, rule, envied, etcé). Tdrevenevbredthatwerewe deci
closely aligned with the operational definition of motivation, which led us to select and retain 18
autonomous words and 18 controlled words to create hereafter the scores used in our analyses.
All stimuli were randomly presented for 200@in the center of the screen while
response time (RT) for each was recorded in milliseconds. Participants had to press as quickly as
possible on the AWO key f ewrdswA mataurata megponsen t h e
as well as RTs below 25@swerefiltered out and not included in the scoring protocol.
Moreover, RT8.0st andard deviations above and bel ow e;
out of the analysisAn individual mean of neutral words was then calculated to assess the
baseline reactity of each participant. All of the motivational words RT were then subtracted
from this baseline RT to control for individual variance. The final RTS for each motivational
word were thus more comparable across individuals. The 18 theoresiekdbted aanomous
words and controlled words were then respectively averaged to create the implicit motivation
scoresLow scoregeflect high levels of autonomous or controlled motivation because they
indicate that mental representations of the motivation are easity and rapidly accessible (i.e.,
faster response time).
Working memory capacity. Two different computerized tasks progranmed-PRIME
2.0by the Attention and Workinlemory Lab(OSPAN and RSPAN; Unsworth et al., 2005)

A

were used in this studytoassesh e st udent s & wo rBkthtaskgs congstedafy c ap
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remembering different series of letters (encoding) while performing a secondary task
(processing)A detailed explanation of the sequence involved in the OSPAN and RSPAN can be
found inUnswath et al. (2005)Working memory capacity scores ranged from 0 to 75 and
reflecedthe number omemorandunelements that were remembereddayticipantypartiat
credit load scoring, se€eonway et al. (200%) This scoring method for the OSPAN and RSPAN
has been shown to hold good psychometric propertiesetiest, internal consistency, construct
validity, and convergent validitfRedick et al., 2012)0SPAN and RSPAN were aggregated to
form an overall indicator of working memory capacity. Spearbrawn coefficient was
calculated for the twaasks aggregatiofisinga, Grotenhuis, & Pelzer, 2018)d provided
evidence of acceptable reliability for this sample(712).

Academic achievementThe semester Grade Point Average (SG&4#9 the admission
GPA (last year of high schoadf consentingstudents was obtainedviathee gi st r ar 6 s of f
following grading scale is used by the university: 0=F, 1=E,2=D,3=D+,4=C,5=C+,6 =
B,7=B+ 8=A,9=A, and 10 = A+. SGPWas collected at the end of the semedtging
which the data collection faxplicit motivation, implicit motivation and working memory
capacity occurs.

Plan of analyses

Given the main goals of this study, we ran a mediation model of AM between admission
GPA and current SGPAdciprocal hypothes)swith the moderation effectsynergistic and
cognitive resources hypothesthat were proposed in the expligiplicit model of AM from
Gareau and Gaudreau (201We used a Bayesian SEM approach in which informative priors

based on previous findingsane directly integrated in our hypothesized model.
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Regression parameters are thus attributed a starting point (informative priors) that is mixed with
the new data to formposterior distribution This idea of updating the results of past studies
througha Bayesian approach has been brought to the field of psychology has a tool to overcome
the limited interpretability of a sole stu@yan de Schoot, Winter, Ryan, Zondervan

Zwijnenburg, & Depaoli, 2017)0verall, this approach has many advantages compared t
traditional SEM. First, Bayesian estimation has the advantages of not relying eadargie

theory, which facilitates model convergence without compromising the trustworthiness of
parameter estimates. Plus, this approach also creates an actualtidist(ilai, posterior
distribution)around key parameters rather than assuming a normal distribution. Given that, the
parameters estimated in the model can then be interpreted in terms of their most probable values
(Kruschke & Liddell, 2017)The distribuibns properties of the posterior parameters obtain from
the Bayesian estimation are easier to interpret and are interpreted more intuitively than the
traditional pvalue interpretation and/or the 95% confidence intervals around parameters
estimated with tb maximum likelihood estimator used in the frequentist approach. With the
Bayesian approach, we can use the posterior
the probability of an effect to be completely null given the data. Posterior piitbatiérvals

(PPI) are thus calculated with 95% interval to assess the probability of the true value to lie
between the two boundaries. However, in order to not fall into a-blagkvhite thinking it was
recommended biruschke and Liddell (201%p defne a region of practical equivalence

(ROPE) around the null value to avoid interpreting the effect size only in light of their potential
absence. For this study, we suggest that an effect size smaller than .05 would be impracticable

(ROPE = < |.05]). Thizone will be used to represent effects that are practically insignificant.
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Bayesian SEM does not use traditional fit indices to evaluate the exactness of the
hypothesized model with the data. First, Bayesian analysis uses the Markov Chain Monte Carlo
(MCMC) algorithm for the estimation process. Different chains (two chains for our model) work
in parallel and their convergence can be assessed with the potential scale reduction (PSR < 1.01)
factor and graphical observation of each trace plot parametertheHutrof the model, the
posterior predictive checlkPPC) was created to compare the observed data with the data
simulated based on the posterior estimation.-R&l@es around .50 indicate a wétting model.
Model selection was done with the deviand®imation criterion DIC) and the effective
number of parameterpD) that can be interpreted as the posterior mean of the deviance minus
the deviance of the posterior means. LoRBE andpD suggest that the model is less prone to
predictive errors in &uture dataset with the same structure. All of the analysis were performed in
MPLUS 7(L. K. Muthén & Muthén, 1992012)

Results
Preliminary analyses

A first Bayesian model was estimated with all of the zmnder correlations between the
observed varidbs. Observed variables were standardized beforehand and informative priors on
the mean of each variable was set to reflect a normal distribution with a mean of 0.0 and a
standard deviation of 1.0. This Bayesian model wasittdt (ppp= .437) and hadapd
convergence (PSR = 1.002). Descriptive statistics andardier correlations are shown in Table
1. As expected, explicit AM was positively correlated with SGPA 244, 95% PPI [.096,

.393]) which was also found in a past matealysis(Richardson tal., 2012) However, implicit
AM, explicit CM, and implicit CM were not significantly associated with SGPA. Interestingly

for our reciprocal hypothesis, admission GPA was positively correlated with explicit &AM (
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177, 95% PPI [.024, .340]) but not Wiimplicit AM, explicit CM, and implicit CM. Admission
GPA was also positively correlated with SGRA=(.330, 95% PPI[.175, .502]) demonstrating a
somewhat general pattern of achievement stability across individuals. Lastly, as expected,
working memory vas positively correlated with both admission GPA (200, 95% PPI [.047,
.366]) and SGPAr(= .236, 95% PPI [.081, .402]).
Bayesian SEM analyses of the moderated mediation model

For the main analysis, we estimated a Bayesian model with admission GiAnaaim
independent variable and SGPA as the main dependant variable. All of the motivational
constructs were mediators in this relationship and working memory was a predictor of SGPA.
Moreover, moderation effects were added on the path from explicit AGRA. Implicit AM
was the first moderator to be added to this specific path and then working memory was added as
a moderator of the previous moderatioim a triple interaction fashion. This model was created
to first depict the reciprocal hypothesisamhievement and AM and then the synergistic
hypothesis and the cognitive resources hypothesis proposedrbgu and Gaudreau (2017)
This final model is presented in Figure 1.

In light of the methodological recommendatigaan de Schoot et al., 2017; Zyr &
Oswald, 2013)different priors were used in this Bayesian SEM (see Table 2).tResdefault
prior setting for the residual variance of each observed variable was over ruled to express an
inverse gamma distribution that excludes completely tissipihity of estimating a value below
zero, as per the recommendat{@an de Schoot, Broere, Perryck, ZonderZavijnenburg, &
van Loey, 2015)In addition, it is also recommended to standardized all of the observed variable
in order to set regression pgiriors according to a common scée Muthén & Asparouhov,

2012) Since, all observed variables were standardized, we decided to add priors on the intercept
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and mean parameters reflecting a normal distribution with a mean of 0.0 and a standard deviation

of 1.0. Given our goal of replicating the effects foun@Gareau and Gaudreau (20,1 added
informative priors based on the reported standardized effect and the standard error of this past
study, on all of the regression coefficient predicting SGRastlly, we added a prior on the
regression path between admission GPA and explicit AM to depict a small but positive effect, as
found in past literature reporting reciprocal effect of achievement and AM. The variance of this
effect was set to reflect the gmibility that a null effect mightbetrud ( = . 01; 95% | i

This Bayesian SEM with all of the specified priors reached good convergence (PSR =

mi

1.005, chains = 2, iterations = 50 000) and inspection of trace plots was deemed satisfactory. The

probability of hypothesized model was alsoegatable (PPP = .465). As recommendeddny de
Schoot et al. (201 &ensitivity analyses were also performed on all of the replication priors to
ensure that the different specified priors
posterior distribtion (see Table 3). More specifically, we increased the variance around the set
value for each replication regression coefficient priors. The interaction effect of explicit AM and
implicit AM (synergistic hypothesisvhile controlling for the effect of waimg memory

capacity was found to be highly stable across models using slightly different priors. The
interaction of explicit AM, implicit AM, and working memory showed some instability that
seemed to be generated by the stronger association found betarkérg memory and SGPA

and the simple interaction of implicit AM and working memory. We further examined the
sensitivity of the interaction terms pertaining to the triple interaction effect as reported in Figure
2. The instability was not excessive asim&eased the variance of the replications priors. More
importantly, we can observe in Table 3 thatBh€ and thepD was the lowest when the

replication priors were added and their respective variances wanedified. Both key
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interaction terms were f&nough from the predetermined ROPE (< |.05]), thus indicating that
their effects were practically interpretable. Therefore, based on all of the evidence, the model in
bold was the one retained for subsequent analysis of both the indirect effects dadlsipgs
of the significant interactions (see Table 3).
Indirect effects for the reciprocal hypothesis

Indirect effects were calculated in the Bayesian SEM and are presented in Table 4.
Explicit AM was found to be a significant mediator in the relatigngid@tween admission GPA
and SGPAf = .026,SD=.012, 95%PPI1[.006, .054]. None of the other motivational
constructs were found to be significant mediators. However, the direct effect between admission
GPA and SGPA remained significant when mediators were inclided261,SD= .048,95%
PPI[.167, .354)]). Explicit AM was thus predicting subsequent SGPA even when controlling for
admission GPA. In other words, explicit AM significantly predicted change in academic
achievement overtime. More importantly, admission GPA was also a sagnificedictor of
explicit AM at the university level. Therefore, we can assume that the relation between explicit
AM and achievement operates in a reciprocal manner with admission GPA influencing explicit
AM and explicit AM influencing subsequent GPA.
Simple slope effects for the synergistic and cognitive resources hypothesis

Given the significance of the triple interaction revealed from our chosen Bayesian SEM
(see Table 3), we decomposed the interaction in different simple slopes to better illustrate wher
the effect of explicit AM on SGPA varies in function of the two superimposed moderators (triple
interaction effect). A hierarchical sequence was nonetheless performed to assess the amount of
unique variance explained by the explicit AMmplicit AM, andexplicit AM x implicit AM x

working memory interaction terms. From a first model with only the main effects (madefe1,



85

.159) to a model with the simple interaction of explicit ANmplicit AM (model 2a,R? = .172)
we registered a change of 1.3% ofigace explained. Lastly, from a model with all of the first
order interactions (explicit AM implicit AM; working memoryx explicit AM; working
memory x implicit AM;model 2b,R? = .184) to a model with the triple interaction term of
explicit AM x implicit AM x working memory we registered a change of 2.0% of variance
explained (model 32 = .204).

Simple slope were calculated at #/SD of working memory to examine the significance
of the explicit AMx implicit AM interaction effect. The interactionfett of explicit AM x
implicit AM was found to be significant for individuals with mean levet(-.136,SD= .044,
95%PPI[-.222,-.051]) and high level of working memory capacity=-.280,SD= .062, 95%
PPI[-.402,-.158]). There was no significant interaction effect of explicit Alnplicit AM for
individuals with low level of working memgrcapacity b = .007,SD= .055, 95%PPI[-.101,-
.115]). The of explicit AMx implicit AM interactions were subsequently examined using simple
slope at +/1 SD of implicit AM. For individuals with low working memory capacity, the
relation between explicAM and SGPA was significant for those with low levieH.221,SD=
.083, 95%PPI[.058, .384]) and high level of implicit AVb(= .206,SD= .095, 95%PPI[.020,
.393]). For individuals with average working memory capacity, the relation between teXMici
and SGPA was significant for those with high level of implicit Ad4(.299,SD= .063, 95%
PPI[.177, .421]) but not for those with low level of implicit AN € .027,SD= .063, 95%PPI
[-.097, .150]). For individuals with high working memory capadhe relation between explicit
AM and SGPA was significant for those with high level of implicit AMH.393,SD= .087,
95%PPI[.221, .564]) but not for those with low level of implicit AN € -.167,SD= .097,

95%PPI[-.359, .023]). Results of tremple slopes are shown in Figure 3.
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Discussion

In this study, the main goals were to explore the reciprocal effect of explicit and implicit
AM with academic achievement and to replicate the findingsaséau and Gaudreau (2017)
order to revaluate ehexplicitimplicit model of AM through a dugbrocess perspective.
Consistent with oureciprocal effect hypothesipast achievement predicted the explicit AM of
university students which, in turn, predicted their subsequent academic achievementoResults
our Bayesian SEM provided further support for the hypotheses of the expliitit model of
AM. The association between explicit AM and subsequent academic achievement was
moderated by implicit AMgynergistic hypothesigind these results were navdted by working
memory capacitydognitive resources hypothesids expected students with high levels of
explicit AM, implicit AM, and working memory capacity reached, in average, an higher
semester GPA. These findings will be discussdiimt of thdr theoretical implications for SDT,
implicit cognition and the promotion of academic success.
The Reciprocal Effect of Academic AM and Achievement

In this study, we explored the potential reciprocal association between AM and
achievement of university stants. The past achievements of university students encompass an
accumulation of academic knowledge and a history of successes and failures that may act as a
resourceful motivational factor likely to influence the development of AM once at the university.
Our results revealed a small positive associafion.(61) between admission GPA and explicit
AM at university. In turn, explicit AM at university was a significant predictor of SGFPA (
.163), and significantly mediated the association between pastibedquent achievement.
Overall, these findings offer novel support for the reciprocal effect hypothesis. Students who

achieved better in their last year of high school were found to display higher levels of explicit
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AM at university. Past achievement® @nus holding some motivational properties that seem to
be used by the students when they are explicitly reflecting on the reasons that motivate their
participation at university.

Despite being relatively small, the reciprocal relationship between agadehievement
and explicit AM observed in our study provides, for SDT, a strengthened support. SDT is mainly
based on an organismic principle that revolves around the idea that humans have an inherent
tendency toward growth and unity. This natural proceséten referred as the integrative
process, which through an accumulation of experiences, skills and knowledge help people
develop feelings of effectiveness and wholeness of th¢Ryin & Deci, 2017)The self is said
to always aim at maintaining aethhancing its component while preserving its integrity.
Interestingly, the self is also theorized to be in an open state, as it is in constant interaction and
exchange with the environment. This baaidforth reciprocity of mutual influence has been
largely ignored in the overall empirical SDT literature. As such, our results are important
because they illustrate that explicit AM significantly prediotseases in academic achievement
over time This finding is consistent with the idea that autonomyars f an upward spiral
(Sheldon & HouseMarko, 2001)capable of bringing positive changes not only in the-well
being of university students but also in their academic achievement. This finding can be
reinterpreted in light of many theedriven argumerst

First, SDT assumes through a cognitive evaluation theory that satisfaction of the need for
competence, autonomy, and relatedness is required to sustain the development of AM. Quite
clearly, past achievement can be seen as a positive competence fdigahattkpromote a
more internal perceived locus of causality which allows the students to feel more autonomous

and display higher levels of explicit AM. As demonstrated in an experimental study, students
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who received informational feedback were morenested and intrinsically motivated, plus they
also performed better on the final exam compared to the group that received controlling feedback
on their gradéRyan, 1982)Graduating from high school with good grades also give to the
students the opportity to choose a university and a program in which they really want to get
enroll. This opportunity to choose would certainly make the students feel autonomous while
facilitating the development of strong social ties, a sense of belonging, and feelings of
institutional integration. Hence, the positive association between past achievement and
subsequent explicit AM can easily be reinterpreted in light of a need satisfaction perspective.
Regardless, the effect found in this study, from admission GPA to ix¥dlicat
university, is relatively smallDne potential reason for such small effect can be interpreted in
light of the cognitive evaluations that are made by students when receiving their grades. Grades
may not be perceived by all students as pure pedocacontingent rewards as they may also
be perceived as a natural occurrence of the school context and thus can be perceived primarily as
a competencbased informatiofRyan & Deci, 2017)A study byMarinak and Gambrell (2008)
suggested that the same&veed can be constructed differently in order to enhanced intrinsic
motivation. Interestingly, when grades are sufficient for graduating, students may cognitively
evaluate their grades as information for their competence or as a controlling factor, ssg#rdle
the actual level of the grade. Each one may trigger a different development of AM overtime,
which may have attenuated the effect found in this study.
Second, many theories of human motivation assume that feedback is required for optimal
self-regulaton (Bandura, 1997; Carver & Scheier, 1991; Locke & Latham, 1990)he one
hand, grades are used at all levels of education to inform students of their academic competence,

progress, competence relative to others, and learning/task mastery. Gradesesandsea form
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of masterybased informative feedback likely to help students increase and maintain their
volitional engagement with school. On the other hand, grades can also be seen as a form of
evaluative feedback nested in a system in which the reaeedsontingent on a certain degree of
achievement. Students are benchmarked based on their grades for admission purposes, access to
graduate school, and awards/scholarships. As a result, many students experience achievement
related concerns (e.g., teskaaty, fear of failure, perfectionistic concerns) likely to attenuate the
satisfaction of their need for competence. Grades are ubiquitous in the educational environment
and students have developed perceptive patterns of what those grades really nesanTtbeh

dual functions of grading (i.e., informing and evaluating), likely explain why the size of the

effect of past achievement on explicit autonomous motivation is relatively small rather than
strong.

Third, several theories of human motivation emptetiie pivotal role of success for the
development and maintenance of motivafjery., Bandura, 1997; Marsh, Xu, & Martin, 2012;
Weiner, 2010)On the one hand, the feedback provided by the grades on the competence of the
students is certainly tied to finéeelings of effectiveness in this world. Positive expectancies in
the form of seHefficacy and seltoncept are both influenced and are influencing academic
achievemen(Chemers, Hu, & Garcia, 20QIherefore, our results contribute to this growing
perspective by showing that both quartitgsed and qualithased motivational processes, like
explicit AM, can also operate in a reciprocal manner. Much can be learned from expectancy
based motivation to understand the relatively small effect of achievemexiplicit AM.
Expectancies are not formed solely based on
selective high school end up experiencing lower academicaetiept than students from less

selective high schogMarsh & Hau, 2003)Such a bigfish-little-pound effect could potentially
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explain why not all students with high admission GPA possess positive academic expectancies
and perhaps also high levels of explicit AM. Hence, the reciprocal effect of academic
achievement and AM is perpetual dndvitable, but is interspersed with diverse psychological
and social factors. Overall, future work is required to investigate the precise mechanisms both
mediating and moderating the relationship between past achievement and explicit AM.
Replication of the Synergistic Effect of Explicit and Implicit AM

This study provides additive support to the synergistic hypothesis of explicit and implicit
AM in the prediction of subsequent academic achievement. Moreover, as it was previously
found, the synergistieffect of explicit and implicit AM was contingent upon the cognitive
resources of the students. The replication of the tvageinteraction effect was estimated with
an updating Bayesian approach. The estimated effect sizes foGadaau and Gaudrea20(l7)
were incorporated in our SEM as informative priors and were deemed to have adequate
sensibility on the new data. On the one hand, the interaction of explicit AM and implicit AM was
highly stable across the sensibility analysis, demonstrating tlikrgsuwith high level of
implicit AM were more likely to benefit from having higher levels of explicit AM. On the other
hand, the thregvay interaction of explicit AM x implicit AM x working memory was less stable
when we assessed the sensitivity of tHermative priorsNonetheless, the triple interaction
posterior distribution was significant and outside of the predetermined ROPE across the different
sensitivity level (99.2% to 77.5%).

The internalization process described by SDT thus seem to beezhptare efficiently
when the explicit and implicit assessments of AM are taken into account, as demonstrated by our
replication of the synergistic effect of AM. To feel autonomously motivated, as captured by the

selfreport measure of AM, might not encalaga how well the different regulations are
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internalized in theself The seHreport measure of AM would capture the full length of the

integrative process if everyone had the same introspective ability. However, as demonstrated by

our results, studentsith quicker AM accessibility benefit from having higher levels of explicit

AM. Their selfreport reflections of AM are thus more unified and coherent within sedfiand

lead them to achieve better than the other students who did not have the santaligadss

AM. As proposed by recent theoretical developments in SDT, convergence between explicit and

implicit measures of AM could be taken as an indicator of integr@fitainstein et al., 2013)
Moreover, in this study it was also hypothesized thairitegrative process would be

contingent on the studentsdéd cognitive resourc

challenging and demanding, as any other psydynitive processes that take place within the

brain. SDT never ignored theurebiological roots of human behavior and did suggest through

an organismic perspective that the integrative process is anchored in the biology of individuals

(Ryan & Deci, 2017)Different neuroscience studies revealed that areas of the prefrontal cortex

are often activated when selétermined choice are mafMurayama et al., 20133elf

regulation processes are being u@egan, Kuhl, & Deci, 1997)and individuals are asked to

recruit selfknowledge from their memorOchsner et al., 2005kven in theneuropsychological

review ofKuhl, Quirin, and Koole (2015)t was suggested that the integrated self is mostly

operant in the right anterior cortex. Interestingly the anterior cingulate cortex (ACC), which is

placed exactly between the frontal gyrus #mellimbic lobe, has been described as a significant

cognitive mediator on emotion regulati(ftevens, Hurley, & Taber, 2011nternalization thus

seems to operate in the prefrontal cortex. The prefrontal cortex is also known to be associated

with geneal executive function and cognitive control and is mostly important fedtayn

cognitive processes that must be guided by internal states and intéfitien& Cohen, 2001)
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The results of this study reinforce those neurobiological observations. Stwdédnquicker
accessibility over their AM were benefiting from displaying higher levels of explicit AM but
only if their working memory was average or high. The explicit AM effect on academic
achievement was stronger when it was accompanied with highdeimplicit AM and average
to high level of working memory. Overall, our study did replicate the findingzaoéau and
Gaudreau (201Ayith a Bayesian modeling approach that included previous findings in the
estimation process.
Strengths, Limits and Future Directions

This study relied on a Bayesian estimation approach to replicate axthyeateraction
between explicit AM, implicit AM and working memory which has strong implications for SDT.
This Bayesian statistical approach to psychological scieasdeen praised by a lot of
statisticians in recent yeafisruschke & Liddell, 2017; van de Schoot et al., 20THis method
allows for a more intuitive interpretation of effects given that an actual distribution is estimated
on the statistical paramese(posterior distribution). Additionally, using a Bayesian approach
orients the researcher attention on the effect size and its distribution instead-ghthe, pvhich
is aligned with the r ¢eCuenmihg, 20f4¥Monedvertbi$ studyh e fAnew
used a longitudinal design to investigate the reciprocal effect of academic AM and achievement.
This is the first study to demonstrate such an effect with university students. Knowing how
achievement can contribute to AM and vice versa is itapbbecause it shows how
achievement feedback is essential for the students to development adequate motivation. Once
more, demonstrating the importance of adding institutional resources aimed at helping students
engaged autonomously in their academicvécts. The success and weking of university

students are a worldwide priority for our societies to be efficient and healthy.
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Regardless, this study is not without limitation. First, even if the LDT used to assess
implicit AM was improved by incorporatg more AM and CM words, the inference and analysis
of such measure remain imperfect. Psycholinguistic researches on word processing revealed that
reaction times can be influenced by many extraneous factors but the most important one is word
frequency inthe languag€Brysbaert, Mandera, & Keuleers, 201HAence, by selecting
comparable words in language frequency future research might control for such influence on the
reaction time of individuals and enable a more precise estimation of implicit AM.

Futureresearch could use the exphuitplicit model of AM to explore positive outcomes
hypothesized to be associated with a wakgrated sense of self (e.g., positive feelings,-well
being, and nomefensiveness). Past research revealed a positive assowidkiondicator of
integration and welbeing(Weinstein, Deci, & Ryan, 2011adaptation to stregg/einstein &
Ryan, 2011)and emotion regulatiofWeinstein, Hodgins, & OstvikVhite, 2011) Regarding
the educational context, the exphaiplicit modelof AM could also be used to predict other
outcome known to be determinant for the success and graduati¢RoatarrKenyon, Savitz
Romer, Ott, Swan, & Liu, 2017)

Conclusion

In this study we contended that the association between explicit AM and seiisequ
achievement is, on the one hand reciprocal, and on the other hand moderated by implicit AM and
working memory capacitynterestingly, the direct influence of past academic achievement on
the development or sustainment of AM has hardly been investjgaten though SDT
postulates that feelings of competence and effectiveness are crucial for the development of
intrinsic motivation. When those feelings of competence are accompanied with feelings of

autonomy and a sense of volition over action, indivisiwéll likely develop higher levels of AM
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(Ryan & Deci, 2000)In this study we found a small significant reciprocal effect of AM and
academic achievement, thus demonstrating that past academic successes are important for the
development of AM later in theacademic career of students. Once at the university, the explicit
AM was also found to be moderated by implicit AM and working memory capdtigyresults

of the explicitimplicit model of AM described iGareau and Gaudreau (201wgre replicated

with aBayesian estimation approach. SDT internalization process thus seems to be more
precisely estimated when incorporating a gualcess perspective of teelf Seltreport

measures of AM are not erroneous but most likely do not cover the whole interoalizat

process. When in synergy, explicit and implicit AM can predict much more of the variance in
academic achievement than the sole effect of explicit li\dther words, it does not suffice to

be aware and to state explicitly your own motivation. For idd&ls to have fully integrated

their AM they need easily accessible mental representations of AM and to be aware of such
motivation at the same tim&he integrative process was also found to be contingent on the
working memory capacity of the students,at he process of integrating
cognitively challenging, hence requires efficient executive functioning. The integration of dual
process theories to the general SDT framework still needs to be investigated more thoroughly,

but the initialevidence that was provided supports the original SDT proposition.
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Footnotes
! This dataset also had measures otsgéinted perfectionism, sociallyrescribed
perfectionism, coping strategies, goal progress, academic procrastination, task delag)asd |
laptop behaviors.
2 A hierarchical confirmatory factor analysis with the five motivational regulations organized
into autonomous and controlled motivation was tested for explicit motivation scale. The fit of
this model was deemed appropriat&s( = 152.198p < .001 CFI = .922, RMSEA = .126

90%Cl [.107, .146], SRMR = .105).
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Table 1

Bivariate association between all observed variables using Bayesian estimation

Variables M SD 1 2 3 4 5 6
1.Admisson GPA 8.433 1.030
2.Explicit AM 4.726 1.133 &)787(;
3.Implicit AM 18.494  40.383 ( '3713) ('_10879;)
4.Explicit CM 2.951 1.425 ( '(()37791) ('_gé); (:822)
5.Implicit CM 19.884  37.407 ( ggg) (:gii) ('_?7% (:gzg)
6.WMC 55.708  10.511 &20800) ('_'é,)f(% '('_Eii) (_.ggg) ((1357)2)
7.Semester GPA  6.412  2.001 i_‘°6380;) ('_2047‘; ('_'87272) ( '8;356) ( '3888 ('23;;6;)

Note.In parentheses are the standard deviatiom the estimated posterior distribution. When the @8%ierior
probabilityintervals were not including zero the bivariate correlation is marked with an * in bold. AM = autonomou
motivation, CM = controlled motivation, WMC = working memory capacity, GPgxade point average.

108



Table 2

109

Specified priors and justification of chosen priors

Regression parameters

Specified prior Justification

Variance of all observed variable ~1G(0.5,0.5) van de Schoot et g2015)

Intercepts of all observed
dependent vaable

Means of all observed
independent variable

Regression path

Admission GPA on explicit AM

Admission GPA on implicit AM
Admission GPA on explicit CM
Admission GPA on implicit CM
Admission GPA on intl
AdmissionGPA on int2
Admission GPA on int3
Admission GPA on int4

Admission GPA on SGPA
WMC on SGPA

Explicit AM on SGPA
Implicit AM on SGPA
Explicit CM on SGPA
Implicit CM on SGPA

Intl on SGPA

Int2 on SGPA

Int3 on SGPA

Int4 on SGPA

Observed variables are ail .
score transformed
Observed variables are all .
score transformed

~N(0,1);

~N(0,1);

Reflect a small positive
effectasfound in past

~N(.15, .01) literature with a variance
that can include the absenc
of the effect.

No prior

No prior

No prior

No prior

No prior

No prior

No prior

~N(.269, .004356) Gareau & Gaudreau (2017
~N(.043, .004225) Gareau & Gaudreau (2017
~N(.166, .0036) Garau & Gaudreau (2017)
~N(-.035, .006889) Gareau & Gaudreau (2017
~N(.073, .0036) Gareau & Gaudreau (2017
~N(-.063, .010201) Gareau & Gaudreau (2017
~N(-.122, .003364) Gareau & Gudreau (2017)
~N(-.056, .005184) Gareau & Gaudreau (2017
~N(-.003, .005184) Gareau & Gaudreau (2017
~N(-.226, .003249) Gareau & Gaudreau (2017

Note.GPA = grade point average, AM = autonomous motivation, Gidntrolled
motivation, SGPA = semester grade point average, WMC = working memory cap
intl = explicit AM x implicit AM, int2 = explicit AM x WMC, int3 = implicit AM x
WMC, int4 = explicit AM x implicit AM x WMC.
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Table 3

Test of different models withcreasingly added priors plus @ssitivity analysigor the replication priors

Model fit indices

Effect size for interaction terms
Free parameters = 77

expAM x expAM x IMpAM x expAM x impAM x WMC
impAM WMC WMC
Models PPP  DIC pD b SD b SD b SD b D % D ROPE
MLR -139 .067 -.042 .079 -.083 .079 -.062 .052
Default Priors 405 7465.096 72.992 -.137 .071 -.041 .082 -.082 .080 -.061 .061 .841 572

+ residual priors 444 7463.085 73.045 -.137 .071 -.041 .081 -.083 .080 -.061 .061 .841 572
+intercepts priors  .449 7463.356 73.174 -.137 .071 -.041 .081 -.083 .080 -.061 .061 .841 572
+ reciprocal prior  .453 7462.718 72.838 -.137 .071 -.041 .081 -.082 .080 -.061 .061 .841 572
+ replication priors .465 7456.756 67.687 -.136 .044 -.050 .053 -.015 .051 -.143 .039 .999 992
+ . 00% on .471 7457.633 69.385 -.137 .055 -.049 .062 -.035 .060 -.111 .048 .989 .898
+ . 0120 on .475 7458.773 70.451 -.137 .059 -.048 .067 -.046 .065 -.098 .051 .973 .827
+ . 012 on .468 7459.121 70.812 -.137 .061 -.047 .069 -053 .068 -.090 .053 .955 775
Note.PPP = posterior predictivey@alue, DIC = deviance information criterion, pD = effective number of parameters, exp =
explicit, imp = implicit, AM = autonomous motivati on,
distribution that does not include zero. The model in bold is the mode retain for subsequent analysis. SDs for the MaRer
actually the standard error of the parameters given that no distribution is estimated in the frequentist approach.




Table 4

Unstandardized Estimates of the Total, Direct, and Indirect Effects withPais¥erior Probability Intervals

111

Total Effect

Direct Effect

Total indirect effect

B 95%PPI B

95%PPI

B

95%PPI

Admission GPA to SGPA 291 [.194, .388] 261

Admission GPA to SGPA via Explicit AM

@ +1SD Implicit AM & +1SD WMC

@ - 1SD Implicit AM & +1SD WMC

@ +1SD ImplicitAM & mean WMC

@ - 1SD Implicit AM & mean WMC

@ +1SD Implicit AM &- 1SD WMC

@ - 1SD Implicit AM & - 1SD WMC
Admission GPA to SGPA via Explicit CM
Admission GPA to SGPA via Implicit AM
Admission GPA to SGPA via Implicit CM

[.168, .356]

.029

[.001, .063]

Specificand conditional

indirect effects

.026
.063
-.027
.048
.004
.033
.036
-.001
.001
.003

[.006, .054]
[.015, .124]
[-.072, .004]
[.012, .093]
[-.017, .028]
[.001, .080]
[.005, .080]
[-.012, .008]
[-.010, .015]
[-.009, .020]

Note.SGPA = semester grade point average, GPA = grade point average, AM = autonomous motivation, WMC = work

memory capacity.
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Working
Memory
Capacity

A17*

*

187 7N\

.163*

Current
Semester GPA

Admission
GPA

.261*

Figure 1.Standardized effects for the Bayesian moderatetlatien model. * denotes effects
that The two bold lines represent the two superimposed moderation effects that form thi
interaction on the patinom explicit AM to SGPA. AM = autonomous motivation, CM =
controlled motivation. GPA = grade point average.
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-0.2
ROPE
-0.25 —t— expAM*impAM
expAM*WMC
-0.3 = A= IMpAM*WMC
== eXpAM*ImMpAM*WMC

Figure 2 Sensitivity analysis of important hypothesized parameters. ROPE = region of practical
equivalence, exp = explicit, imp = implicit, AM = autonomous motivation, WMC = working
memory capacity
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High working memory

-
- - .
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Figure 3 Results of theimple slope analysis for the threay interaction effect. High implicit level correponds to faster react
time (lower response latencie;SD). Low implicit level correponds to slower reaction time (higher response latentices; +1
IAM = implicit autonomous motivation, AM = autonomous motivation, GPA = Grade Point Average.
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CHAPTER 4: Priming effect of AM on the association between explicit AM and task

performance

Subliminal priming of autonomous motivation enables-eeluation to predict leaimy

performance: A dugbrocess perspective of selétermination theory

Alexandre Gareau, Patrick Gaudreau & Laurence Boileau

University of Ottawa
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Abstract

Adopting a duaprocess perspective within selétermination theory has recently been
foundto alleviate predictive issue of academic autonomous motivation (AM) on academic
achievemen(Gareau & Gaudreau, 2017; Gareau, Gaudreau, & Boileau, .ZX8Explicit
implicit model of AM proposed that when both motivational processes are in synergyuadsv
are regulating their behavior more autonomously, which ultimately benefit their task
performance. Moreover, in this predictive model, the motivational synergy is hypothesized to be
contingenionworking memory capacities (WMC). This study examirtesl¢ausal influence of
subliminal priming of AM on the association between explicit-sgtorted AM and examination
performance. An experimental learning situation, on modular arithmetic, was developed with the
objective of replicating as much as possihle academic environment in which university
students are exposed. Participants (L64) first completed measures of explicit AM to learning
and working memory capacity. Before the learning situation, participant were randomly assigned
to a subliminal gming condition (AM, controlled motivation, neutral). At the end of the
learning situation, all participants completed an exam on the learned content. Moderated
regression analysis revealed that explicit AM was positively predicting the verbal component of
the exam, but only for the AM primed group. This synergistic effect was contingent on WMC, as
this effect was only observed for individuals with average to low levels of WMC. Contrary to the
past findings of the explicimplicit model of AM, WMC had an gposite influence on the

synergistic effect. The main findings are discussed according to their implications of for SDT.
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Subliminal priming of autonomous motivation enables-eeéiluation to predict learning
performance: A dugbrocess perspective oflseletermination theory

Recent selletermination theory (SDBtudiesin the educational domain has proposed
that autonomous motivation (AM) should predict academic achievement more strongly when
synergistically coupled with higher levels of implicit A{Gareau & Gaudreau, 2017; Gareau et
al., 2018) Individuals who display synergistic patterns between their explicitly declared AM and
their implicit cognitive accessibility of AM are said to have integrated those motivational
dispositions more deeply andttvia more unified sense of self. This is what SDT refers to as the
integrative processan inherent tendency tmherentlyintegrate experiences thatereflected in
autonomous behavior. Researchers have incorplbmate theoretical and methodological
directions steaming from the implicit social cognition to the original SDT propositions, in order
to have a more precise account of this theoretically important psgdiotive process
(Weinstein, Przybylski, & Ryan, 2013Ylore precisely, thexplicitimplicit model of AM
proposed bysareau and Gaudreau (20B8sumsa dualprocess perspective over the
integrative process of SDT, that integrates key principles, like automaticity and awareness.
Moreover, duaprocessnodel assumehat all behavioraredetemined by the interplay of both
explicit/controlled/conscious and implicit/automatic/unconscious processes. This cognitive
interplay in human behavidvas for long been proposed todmntingent upon the working
memory capacity of individualBarrett, Tugde, & Engle, 2004 Hence the explicitimplicit
model of AMalso proposes that the synergistic interplay of explicit and implicit AM dejzend
the available cognitive resouscef an individual.

Past studies have shown that it is possible to experiiheativate AM disposition

out side of the [dlevesqueiPgleatiert2808; Radel,Sar@ainelegain, &
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Gobancé, 2009; Radel, Sarrazin, & Pelletier, 2008¢se studies revealed that individuals
primed with AM words displayed highenels of intrinsic motivation, interest, enjoyment,
perceived choice, and performance on the observedBaskd on these finding$e explicit-
implicit model of AMproposs that explicit AM collected with selfeport methodology should
predict task perfianance, but only for individuals who are implicitly primed with AM. In this
study, our goal was to examine the moderating effect of priming AM on the association between
explicit selfreported AM and learning performance in an experimental learning situati

Synergistic effect of explicit and implicit AM: Unto the integrative process of SDT

The integrative process is not limited to SDT. Historically speaking, integration has been

a central construct for many psychological theories. William Jawlesis often cited as the
most influential and insightful psychological theorgbneered the idea that humans have a
natural tendency to strive forcaherent stream of thougahdseltactualization This idea,
which is a central assumption of SDT, can now teeigely investigated using cognitive
methodologies stemming from the implicit social cognition approach. Primarily, integration has
beeninferredwithin the SDT framework through the internalization of a behavioral regulation
going from being externallyegulated by the environment to being more and more internally
regulated by theelf According to SDT, five types of regulations can be distinguished to form a
continuum of internalization (i.e. external, introjected, identified, integrated, and intri@sic)
the one hand, individuals whose actions are more controlled by the environment through external
and introjected regulations are said to have higher levels of controlled motivation. On the other
hand, individuals who regulate their behavior with idedi integrated, and intrinsic regulation
are said to have higher levels of autonomous motivation (AM). These two dimensions of

motivation haveoften ben measured with seléport methodologiesyhich are argued to assess
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the explicit seHknowledge indiriduals have about their motivational dispositigrplicit self
evaluation of AM has been found to be positively associated with a host of desirable educational
outcomes: deeper learnifgansteenkiste, Simons, Lens, Sheldon, & Deci, 200d3itive
emotbn and school satisfactigRyan & Connell, 1989)subjective welbeing(Levesque,
Zuehlke, Stanek, & Ryan, 20Q4nd academic achieveméRichardson, Abraham, & Bond,
2012; Taylor et al., 2014Yhese explicit selévaluations of AM and CM, althoughliggble and
valid, are offering limited perspective to capture the extent to which such declarative knowledge
has been fully processed and integrated within a broader network of mental representations about
theself(Gawronski & Bodenhausen, 2006; W. HofmaGawronski, Gschwendner, Le, &
Schmitt, 2005)Accordingly,Weinstein et al. (2013uggested that convergence between
explicit and implicit assessment AM might be taken as an indicator of integration.
Correlational vs experimental studies of implicit AM

Past studies have explored the influence of individual differences in the cognitive
accessibility of mental representation of AM by examining the rapidity to which individuals
were reacting to different stimuli of ANBurton, Lydon, D'Alessandro, & Koesn 2006;
Gareau & Gaudreau, 2017; Gareau et al., 2018; Keatley, Clarke, & Hagger, 2012, 2013a, 2013b)
The underlying assumptiasf this reaction time paradigra that an individual with a more
internalized sense of AM should react quicker to words assacivith the AM construct. In this
line of research, researchers initially assumed that the implicit cognitive access of AM
disposition would predict behavioral performance on a task over and above explicit measures of
AM. This additive hypothesis was quqrted by researchers who used an implicit association test
of AM (Levesque & Brown, 200p predict selreported physical activitiKeatley et al., 2012)

and persistence of solvable and unsolvable pufKlestley et al., 2013aAnother study used a



120

lexical decision task to assess implicit identified regulation and found a significant main effect

on final examination grade at univers{Burton et al., 2006)Another competing hypothesis that

was put forward was that explicit and implicit AM should rat# when predicting task

performance. An interaction effect was uncovereBlurton et al. (2006yvith explicit and

implicit identified regulation when predicting final examination geaddis hypothesis was then

theoretically repositioned using the dypsbcess perspective to create ¢éxplicit-implicit model

of AM (Gareau & Gaudreau, 2017his model advanced and found that explicit AM was a

better predictor of academic achievement for individuals who reacted more rapidly to AM words

in a lexical deaion taskGareau & Gaudreau, 2017; Gareau et al., 2008 interaction effect

of explicit and implicit AM depicted in those studies may represent more precisely, what is

meant by internalizing oneb6s behavioral regul
A second set of studies investigated the effect of implicitr&Néd on arexperimental

priming paradigm The primary aim of this line of research was to examine if it was possible to

activate ment al representat i emesylcéiesghe out si de

Pelletier, 2003; Radel, Sarrazin, Legrain, et al., 2009; Radel, Sarrazin, & Pelletier, 2009)

Specifically,Radel, Sarrazin, and Pelletier (20@®)nd that participants primed with AM

performed better on a motor task, persisted morel nsge fredime, exerted more effort, had

more interest, enjoyment, and autonomy satisfaction. Similar results were fouaddsygue

and Pelletier (2003)s their study revealed that priming AM had a positive influence on self

reported intrinsic motivain, interest, enjoyment, perceived choice, and time spend freely doing

a task. Those priming studies were all done within the candiha lab with environmental

conditiors being highly controlled. In an attempt to improve the external validity of tpédiin

priming effect,Radel, Sarrazin, Legrain, et al. (20@Xperimentally modified the slideshow
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presented to university students with subliminal AM and CM words and investigated its
influence on subsequent performance on a quiz. The imgliblimind effect of AM was
observed only for individuals with lower levels of mindfulness. There is strong evidence in the
literature for considering mindfulness as a higbagnitive process that heavily relies on
executive functiorfChiesa, Calati, & Serretti041; Lyvers, Makin, Toms, Thorberg, & Samios,
2014; Riggs, Black, & RitDlson, 2015)Individuals with lower levels of mindfulnessnd to
use their reflective process a lesser exterind rely more on their impulsty (Peters, Erisman,
Upton, Baer, &Roemer, 2011 )which could explain why they were more heavily influenced by
the priming procedure amplicit AM (Radel, Sarrazin, Legrain, et al., 200@)erestingly
mindfulness is also considered as an executive function skill described as theability
voluntarily focus or direct our attention on specific c([2sS. Black, Semple, Pokhrel, &
Grenard, 2011; Manna et al., 2018} such, individuals who are more mindful may be more
capable to dautomatize some mental operations and dampen automéiaitg, Gruber, &
Gray, 2013)which could explain why they were less influenced by implicit AM.

Overall, a fuller understanding of the integrative process can be gleaned when explicit
and implicit assessments of AM are unified into one model. Expli¢ieported AM
dispositionis only one piece of the internalization process and recent research showed that
convergence between explicit and implicit AM can be taken as an indicator of integration
(Gareau & Gaudreau, 2017; Gareau et al., 2018; Weinstain 2013) The dualprocess
perspective offered in the expligmplicit model of AM appears promising to further our
understanding of the SDT framework, as the general theoretical approach is centered around the
determinarg and consequences of motivatal processes that may sometime be nonconscious

(Deci & Ryan, 198Q)Interestingly, past studies have demonstrated that mental representation of
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AM can be activated outside of oneds awarenes
be contingenbn executive function.
The Role of Working Memory Capacity for the Integrative Process

Theexplicitimplicit model of AM as many duaprocess models acknowledges the
role of working memorynthe interplay between automatic and controlled proces#iogking
memory capacity (WMC) is often described as an attentional system for memory that can
maintain activationofgoal el evant mental representation out
(Kane, Conway, Hambrick, & Engle, 2007he activation of goalelevant information is said
to passes through the executive ce(Baddeley, 2012) the central component of WMiCand
is described as a gateway of accessibjBgrrett et al., 2004)The initial proposition of the
explicitimplicit model of AMwvas that VWMIC could be taken asnindicator of available
cognitive resources. Given that the integrative process of SDT is posited to be cognitively
challenging, individuals with higher levels of WMC should be more equipped to activate the
synergistic pattern of imigit and explicit AM. Although results gfast studiesorroborated the
initial hypothesigGareau & Gaudreau, 2017; Gareau et al., 2aGh8)role of WMC for the
integrative process still deserves theory elaboration and clarification.

From a duabrocess perspective, AM disposition would be said to either be guided
through an automatic or a controlled cognitive process. Hence, the ability to control attention can
be an important contributor on this interplay. Individual differences in WMC can enable
observation of what is controllable for one individual and not controllable for another individual.
In their seminal articleBarrett et al. (20049ffered an extensive discussion on how WMC is a
crucial moderator for most of dupfocess theories. Of mostportance, it was suggested that

individuals with lower levels of WMC might not be able to maintain activation ofigaled
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information and thus may lack the ability to motivate their actions from-ddam cognitive
process, even if their explicit medtional dispositions and intentions are set in a-goahted
manner. Thus, it appears plausible to hypothesize that the cognitive process of bringing self
evaluation of AM into awareness is a mental operation likely to be contingent on the WMC of
individuals. The studies of Gareau and his colleagues have provided initial evidence for such
WMC effect. Students who reported higher explicit AM and quicker cognitive access to their
implicit AM had a significantly higher GPA at the end of the semester, liyifdhey also had
average to high levels of WM(Gareau & Gaudreau, 2017; Gareau et al., 2028grall, the
dualprocess perspective advanced in the exgheglicit model of AM brings together
principles from implicit social cognition and motivatiotiences to foster a deeper
understanding of the integrative process.
The Present Study

In this study, our goal was to examine taeisaleffect of subliminally priming
participants with AM words on the relationship betweenesetfiluation of AM and perforance
on an experimental learning task. We tested the hypothesesexfpili@t-implicit model of AM
in the confins of a lab with the intention to mimic the environmental condgioina university
class. An experimental learning situation was created spiecific characteristics pertaining to a
typical university class. At the end of the experiment, participants completed an exam on the
learned content, again with the intention to mimic a typical university class. Before starting the
experimental learngpsituation, participants were randomly divided in three priming conditions
(i.e., AM, CM, and neutral). We hypothesized teaplicit selfreportedAM, assessed before the
prime, would influence positively the examination score of participants, but@npafticipants

subliminally primed with AM words, as per the synergistic hypothesis of the expigiicit
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model of AM (H1a). Within this first hypothesis, we also hypothesized that the association
between prioexplicit seltreportedAM and examinatiorscore will be significantly lower for
both the CM primed group (H1b) and the control group (H1c). Moreover, as described by the
explicit-implicit model of AM, we hypothesized that differences in the association between
explicit selfreportedAM and exami@tion scorgacross conditions should be moderated by the
working memory capacity of the participants, as pexctgnitive resources hypothe¢is2).
Method

Participants

One hundred and sixfipur undergraduate students (n = 164, 65.9% female) aged
between 17 and 49 years ol € 19.9,SD= 4.3) were recruited through an integrated research
participation system. Participants were mainly-fuie students (86.6%) and were either in their
first (54.9%), second (25%), third (6.7%), or fourth year (7.3Pthar respective program.
Students from this sample were enrolled in different programs: social sciences (34.1%), health
sciences (32.3%), management (11%), sciences (10.4%), arts (3%) and other (9.1%). No
restrictions wer e pdasotstudy, academi @rograoicethpictynt s 6 age
Participants described themselves as Caucasian (47%), Arabic (12%), Asian (11.6%); African
American (9.8%), and other (11%). Participants received two points toward their introductory
psychology class and coteped an electronic informed consent at the beginning of the study. An
institutional research ethics board approved the study.
Experimental Procedures

Participants arrived at the INSPIRE lab with the instructions that they will participate in a
study on ognitive ability and learning. Each participant had his/her own desk (4 desks per

session) with two computer screens. One screen was used to present all of the different tasks and
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on the second screen a digital clock was displayed to ensure that aipaatsievould refer to
the same time when managing their time during the experiment. At the beginning of the
experiment, participants received general instructions about the whole experiment and were
given a course plan detailing the procedure. They wéteatdhe beginning that an exam would
be given after the learning task at a specific time (e.g. 10 AM). The fixed sequence of the
different measures was controlled via a programed batch file on windows computers. The
experimenter left the room and monédrthe procedure in the control room. Participants first
completed a socidemographic questionnaire with measures of AM and CM, WMC, and math
anxiety. After completing those measures, participants were randomized in the three
experimental priming condities. After the priming procedure (i.e. lexical decision task with
subliminal words), all participants went through the same learning situation. The pace of the
learning situation wasoweverdecided by each participant with only the exam time as a
constrant. The exam was scheduled at a predetermined time and participants had to manage their
time in order to be ready for the exam. After the exam, participants were debriefed on the nature
of the prime. The whole study was 2 hours long.
SemanticPriming Manipulation

Priming was done through a lexical decision task programeePRIKE 2.0.
Participants were presented strings of letters and asked to indicate whether the strings were
words 6 = 50) or norwords @ = 50). Participants were instructed to resptmthe strings as
quickly as possible and to be as accurate as possible. At each presentation, a subliminal prime
was displayed according to the condition in which participants were randomized. Eachsstimul
waspresented with this procedure: (1) Fixat{@00 ms); (2Forward mask (34 ms) 2/60

cycles; (3) Prime (17 ms) 1/60 cycle; (4) Backward (34 ms) 2/60 cycles; stimuli (1500 ms).
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Three randomized experimental conditions were created for the prime methodology: AM, CM,
and control group For the AM prined condition the words werautonomous, autonomy,
choiceful, enjoyable, genuine, important, interested, meaningful, pleasurable, vakmitee

CM primed condition the words werashamed, constrained, controlled, forced, imposed, must,
obligation, pressured, required, shoul&or the neutral primed condition the words welwir,

color, duck, color, fish, mouth, puzzle, screen, street, sugar.

The learning situation: Modular arithmetic?

For the content of the learning situation, we decided to teagbatticipants about
modular arithmeticWe selected this learning content because we taught it woualkelWeEnough
for everyone, hence, controlling for the part
participants reported to have heard of modular aetioyprior to our experiment. Modular
arithmetic is a special case of arithmetic that is widelg useomputer programming but never
taught at elementary or high school level. This type of arithmetic is fairly simple and can be
easily taught with visuakpresentation. We created a slideshow inspired by the Khan Academy
tutorial (KhanAcademy, 2018ndBeilock and Carr (20055tudy in EPRIME 2.0 with
conceptual notions of modular arithmetic and exercises to practice. Below we explain the
specific charaeristics of the learning situation.

After beingseated at their desk, participants received a course outline, a notepad, a pen,
and a highlighter. Verbal information was minimal and the course outline contained information
on the estimated time to completach task (questionnaires, WMC tasks, lexical decision task,
learning situation), the exact scheduled time of the exam, the content of the exam (slideshow,
math resolution, supplemental reading), and the type of questions asked in the exam (multiple

choices, true or false, short answers). When a participant finished the learning task, he/she
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received information regarding a supplemental reading that could be done. The course outline
clearly indicated that the exam would contain questions from the suppémeading material.
Between the end of the learning task and the start of the exam, participants were free to decide
what they wanted to do. Through the programed batch file on the computer, participants could
open the supplemental reading, do extra@ges online, open the slideshow that was just
presented to them, or go on the internet. Five minutes before the exam, an experimenter entered
the room, closed the computer screens, took all of the notepads back, and distributed the exam.
Participants ha@0-minutes to complete the exam. All of the materials and measure are
accessible on the OpenScienceFramework website at osf.io/u86hw.
Measures

Explicit autonomous motivation for learning. Selftreported AM and CM were assessed
through a questionnaire thataduates the five regulations of SDT with two items per
regulations. Participants were asked to indicate to which extent each item corresponded to the
reasons they invest themselves in learning new knowledge on a scale of 1 (not at all) to 7
(totally). An exploratory factor analysis, estimated with principal axis factoring, revealed a two
factor solution that explained 65.1% of the variance. All items primary loadings were on the
theoretical construct that they were supposed to measure (i.e. AM or CMg:l@xdmgs were
all smaller than |.203|. Correlation between AM and CM factor was small (r = .06). This
guestionnaire went through many confirmatory factor analysis with ample evidence for its
reliability, concurrent/divergent validity and predictive véldBrunet, Gunnell, Gaudreau, &
Sabiston, 2015Gareau & Gaudreau, 2017; Gareau et al., 2018; Gaudreau, 2015). In this study
reliability estimate for the intrinsic (U =

introjected (U = .645) and exteraot@l regul ati o
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Working memory capacity. In this study we used two computerized tasks programed in
E-PRIME 2.0 by the Attention and Working Memory Lab (OSPAN and RSPAN; Unsworth,
Heitz, Schrock, & Engle, 2005). Both tasks are skewh memory tasks paired with a
processing task. The scores of WMC ranged from O to 75, reflecting the total number of the
remembered elements (partakdit load scoring, see Conway et al. (2005)). This scoring
method has been shown to hold good psychometric propertieseteest, iternal consistency,
construct validity, and convergent validity (Redick et al., 2012). The two tasks were aggregated
to form an overall indicator of WMC. According to Eisinga, Grotenhuis, and Pelzer (2013)
reliability was calculated with the spearramownc oef f i ci ent and was f ounc
=.692).

Math anxiety (control variable). The abbreviated math anxiety scédVIAS; Hopko,
Mahadevan, Bare, & Hunt, 200@ps used to assess the anxiety level of the participants when
faced with a mathematicavent. Participants were asked to rate each item in terms of how
anxious they feel duringspecific event of mathematical nature (e.g., listening to a lecture in
math class). Iltems were answered onpit likert scale (low anxiety, some anxiety, made
anxiety, quite a bit of anxiety, high anxiety). Previous validation demonstrated that the AMAS
had good reliability, testetest stability and convergent/divergent validiyppko et al., 2003)

In this study, a onéactorsolution was estimated wittrincipal axis factoring and explained
53.5% of variance. Moreover, reliability estimate for thigeths scale was acceptablé=(.89).

The learning situation exam.An exam was created to assess the extent to which
participants have learned during the esxmental learning task. The exam had multiple choices
(6), true or false (14), short answers (9), and modular arithmetic resolutions (11). Ehengon

main components in this exam, a verbal and a math component. The verbal component had all of
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the multple-choicequestions, the short answers, and four of the true or false questions. In the
true or false questions, 10 questions viakenfrom Beilock and Carr (2005nodular
arithmetic taskand thus weraggregatedo the math component. The math compamalsohad
modular arithmetic resolutions taken from#é a n A c a d e n{kharsAcadeay 20018) e
The two exam scores were calculated with a proportional approach to ensure that each question
type (i.e., multiple choices, true or false, short ansaedsmath resolution) had the same
influence on the final scores aggregation. Bhvariate associationetween the twexam
componergwas small( = .206,p < .05), thus revealing that tiexkam components were
measuringlifferent aspects of the learniregk. Descriptive statistics are shown in Table 1.
Plan of Analyses

A SEM regression approach was used to test our hypothesis. All continuous variables
were zscore transformed beforehand, in order to have aft@asnterpretation of the different
interadion effects(Cohen, Cohen, West, & Aiken, 200Bxperimental conditions were thus
modeled as a categorical moderator through dwooaed contrasts. The AM primed group was
coded as the reference group. The CM and neutral primedsgreue thus comparetirough
the contrasts against the AM primed grdQpntrastl: AM versus Control; Contrast 2: AM
versus CM).The relationship between prior explicit AM and subsequent examination
performance could thus be compared across the different experimental cendisigper the
synergistic hypothesis. This categorical moderation was further moderated by working memory,
as per the cognitive resources hypothesis. We used a multivariate hierarchical regression
approach to test the moderated moderation in which th@lhand math components of the
exam were simultaneously included as correlated dependent variables. Each dependent variable

had their owrR? estimate and a difference test across the hierarchical steps of the regression
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approach. At step 1, only the maiifieets were estimated. At step 2, we added thedirdéer
interaction terms. Finally, at step 3, the secordkr interaction terms were added to the final
model. In all models, math anxiety was added as a control variable given its prominent effect on
subsequent math performan(®eilock & Maloney, 2015; Foley et al., 201 ®laximum
likelihood robust estimation was used to estimate the different parameters of the model. Missing
data points were handled with the full information maximum likelihood algar{®chlomer,
Bauman, & Card, 2010Within this algorithm for missing data, we added sat@onographic
variables (i.e. sex, age, number of weruniversity and fultime/parttime status) that were
used as missing data correlates in addition to thahles in the mod€(Graham, 2003)All of
the analyses were performed in MPLUS 7.
Results

Participants were screened for their influence on the regression coefficient in each of the
experimental conditions. The standardized difference test in beta (DFBESA)sed to assess
the influence of each participant. When the influence was greater than 1.0 standard error on the
regression coefficient, the participant was taken out of the main analysis. Six participants were
found to have sufficient influence onlaast one of the regression parameters and were taken out
of the analysis. Four were in the AM primed group and two were in the CM primed group. The
final sample for the main analysis was of 157 participants.
Preliminary Analysis

Descriptive statistics arpresented in Table 1. Bivariate associations with the dummy
code can be interpreted as the differences in mean between the experimental conditions. None of
the baseline assessment were significantly different between the AM primed, the CM primed,

and netral prime groups (seeay array in Table 1). Moreover, mean performance on the verbal
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and math components of the exam were not significantly different across the experimental
conditions. The remaining correlation coefficients should be interpreted ase#rebivariate
associations across all experimental conditions. A significant positive association between
explicit CM and math anxiety was observed(289,p < .05). The WMC of participants was
positively associated with the verbal component of tlearek = .263,p < .05). The WMC tasks
used in this study are based on sttern memory and it is fair to say that the verbal component
of the exam is in itself of sheterm memory test on the content of the class. Lastly, math anxiety
was negatively ass@ated with the verbal (= -.200,p < .05) and math components<-.277,p
< .05) of the exam.
Hierarchical moderated moderation regression analysis

Even if thetwo dependent variables are predicted simultaneously in the regression
models, two differentables are presented across the hierarchical steps with all of the regression
coefficients (se@ables2 and 3).

Predicting the verbal component (Table 2)The first model with all main effects
predicted 10.9% of variance in the verbal component of thmeht step 1, WMC and math
anxiety were both significant predictors of the verbal component of the exam. At step 2, with the
added firstorder interaction terms, the model predicted 16.3% of variaRe=6.4 %). This
model revealed a significant interaction effect between explicit AM and the experimental
conditions. Two significant interactive terms revealed that the effect of explicit AM significantly
differed across the AM primed versus the congrolup (see explicit AM x c1c2) as well as
across the AM primed versus the CM primed groups (see explicit AM x c1c3). More precisely,
explicit AM was positively associated with the verbal component of the exam, but only for

individuals who were primedwith M wor d ( b = CorBr@sBcpeffipients revedled 8 ) .
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that thiseffectwas i gni fi cantly di f f-&68leprt015) andd@M ptinked c ont 1
condi t 404 p H.088).=
At step 3, with the added seceadter interaction terms, prieted 19.5% of variance
(aR? = 3.2 %). The two triple interaction terms between explicit AM, experimental conditions
and WMC were both significant (see Table 2). Simple slope analysis was performetl 8D+/
of WMC. Results are presented in Figure 1. &ksociation between explicit AM and the verbal
component of the exam was significant for individuals who were primed with AM words, and
had | ow (b = .352,sopf =WMQ 0(16) =t oTiE=edmdingsg e= |.e0v5e7l)
supportedhe synergistic hyothesis of the explicimplicit model of AM. However, this effect
was no longesignificantfor individuals with higher levelo f WMC (b = . 146, p =
Contrary to our hypothesis, WMC had an opposite effect on the synergistic effect; which will be
discussdfurther. Lastly, negative association was found between explicit AM and the verbal
component of the exam for individuals with 1o
. 457, p = .018) an83,pg=h6).control group (b =
Predicting the math component (Table 3)The first model, at step 1, with all of the
main effects, predicted 9.6% of variance in the math component of the exam. Math anxiety was
the sole significant predictor of this model. At step 2, with the addeebfulstr interaton terms,
the model predicted 12.7% of varianed{ = 3.1 %). The association between explicit AM and
the math component of the exam was not significannandifferent across experimental
conditions (see explicit AM x c1c2 and explicit c1c3 regression coefficient). At step 3, with the
added secondrder interaction terms, predicted 15.9% of variamd® € 3.2 %). A significant
interactionbetweerexplicit AM, the contrast of AM primed vs the control group and WMC was

found (see Table 3). Simple slope analysis was performed hiS8 of WMC. Resultare
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presented in Figure 1. The association between explicit AM and math resolution was significant
and negative for individuals in the control group and with low levels of WM€E-(520,p =
.042). None of the other sloppresented in Figurewassignificant.
Discussion

In this experimental study, we followed and extended apliualess perspective of AM
by testing the hypotheses presenteGareau and Gaudreau (201&)thin the confines of a lab
Accordingly, we developed an experimental leagrstuation to evaluate if a subliminal priming
procedure of AM could enable, in a synergistic manner, explicikegptirted AM disposition to
more strongly predict subsequent learning performance. On the one haresuits
corroborated the synergistic hythesis of thexplicit-implicit model of AMbut onlyfor the
verbal not the matlftomponent of the exaran the other hand, conflictimgsults were found
for the cognitive resources hypothesis, where the synergistic effect was observed for individuals
with low to average levels of WMC rather than for high levels of Wislgain only for the
verbal component of the exaimtricate and unexpected associations were found between the
experimental conditions, explicit AM, WMC, and math examination perform&inee.
differentiation between verbal and math learning processes will be discussed. Overall, the
findingsof this experimental studyill be discussed and interpreted in light of their implication
for SDT and the implicit social cognition approach.
Synergisic Effect of AM and the DualProcess Perspective of SDT

In our experimental learning situation, subliminal activation of AM was found to
moderate the association between explicit AM to learn new knowledge and examination
performancen the verbal componenf the examConsistent with the synergistic hypothesis of

the explicitimplicit model of AM, students who were subliminally/implicitly primed with AM
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words displayed a positive and significant association between their explicit AM and subsequent
examinaion performance on the verbal component of the exam. Of particular importance, the
size of this association was significantly different from the CM primed and control groups. As
demonstrated in past studigdareau & Gaudreau, 2017; Gareau et al., 2Qh8)
reflective/controlled/explicit process of AM seems to be only beiaéwhen accompanied with
a more pronounceidhpulsive/automatic/implicit process of AM.

The reflectiveimpulsive mode(RIM; Strack & Deutsch, 2004)ffers useful heuristics
and hyptheses to reinterpret our findindarst, theRIM assumes that behaviors grugded
eithersolelyby the impulsive system or by a combination of the impulsive and the reflective
systens. Second, when these twehavioraforces work in synergipy activaingthe same
behavioral schematthey can enact the behar with more ease, fluency, and increase positive
affects(Winkielman & Cacioppo, 2001)he impulsive system is also said to operate through an
associative network that can activate behavioralraelee through spreading activati@frishna
& Strack, 2017; Strack & Deutsch, 2004) our study,the subliminal primeof AM words
potentiallyincreased the accessibility of those mental representations and asscuoiesioé
AM. Accordingly, if the refletive motivational procesassessed through explicit sedporting
of AM, is high enough, the two motivational processes of AM are now in synergy and can
facilitate learning mechanisms. In other wordadents who explicitly stated to have higher
levelsof AM and were subliminally primed with AM wordsemedo have gaiada more acute
accessibilityof their AM mental representatisnThroughout the learning situation, they were
thus able toegulatemoreautonomouslyheir behavior, as demonstrated bgit higher score on

the verbal component of the exam.
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Ourresults corroborateand extendeg@ast findings on the synergistic hypothesis of AM.
Past studies relied on a correlation design in which individual differences in implicit AM were
indirectly assssed with reaction timés such, results from thestudies should be taken as an
illustration of aperson x person effert which personally held dispositions, measured with
explicit and implicit methodologies, interacted to predict task performance lcurrent study,
we relied on an experimental design in whpeticipants were randomized into conditions in
whichimplicit AM and CM weramanipulated with a subliminal priming paradigm. As such, the
current findings showed thatibliminalpriming of AM causally moderated the association
between explicit AM and task performan@éis novel finding came reinterpreted aspgerson x
situation effectn which subliminal priming of AM acted as a situational cue that causally
influenced the relation betwee oneds expl i cit AlWesesynergistcas k perf
effects(person x person; person x situatiang conceptually and methodologically differbnt
they nonetheless provid®@mplementaryand fruitful information to further our understanding of
the integration process proposed in SRThus appears that both implicit AM as a personal
disposition and implicit AM as a situational trigger are required for explicit AM to positively
predict task performanc&his finding not only replicates past steslon theexplicitimplicit
model of AMbut it also extends it by revealing that the synergistic effect likely operates when
prompted by individual differences in implicit AM and primedibplicit situational cues in the
learning environment

The repogioning of the current findings throughparson x situatioparadigm is also
consistent with a central organismic postulate of SDT that describes humans as being constantly
and dynamically in interaction with their social environment. The results afttidy further our

understanding, within the SDT perspective, of



136

development of AM. Consistent with past SDT studies, when students perceived the academic
context as autonormgupportive they are more liketg develop or maintain AM, which
ultimately help them reach higher performance on subsequent examieatio. E. Black &
Deci, 2000; Reeve, Jang, Hardre, & Omura, 2002; Vansteenkiste et al., Q084)Il, @st SDT
studiesin the educationgle.g., Guay, Ratelle, Larose, Vallerand, & Vitaro, 2018port(e.g.,
Bartholomew, Ntoumanis, Ryan, Bosch, & Thogerskoumani, 2011; Gaudreau et al., 2016)
parenting(e.g., Grolnick, Frodi, & Bridges, 1984; Joussemet, Landry, & Koestner, 2008)
work (e.g., Moreau & Mageau, 2012)omairshave made it clearthatn di vi dualisd perc
how their environment is autonorsyipportive or interpersonally controlling directly influence
their need satisfaction, development of AM, weding, persisten¢cand achievement.This
experimental study contributes to this specific literature by revealing that unconscious subliminal
AM cues stemming from the environment can also influence the motivational process of AM and
its positive effect on academic achievement. As stnehsocieenvironmental cues that
promotes AM may not need to be conscientiously processed to activate AM and the potentially
positive effects of AM. This finding is important for education research and practice because
students arexposed to countlessibliminal socieenvironmental cues capable of interacting
with their own AM in ways that could influence their academic achievement and adjustment.
Synergistic Effect of AM is Contingent on WMC

Theexplicitimplicit model of AMassumes that high levels \WMC enablethe
synergistic effect of explicit and implicit ANb yield positive influence on academic
achievementContrary to our hypothesis and past correlational findings, the synergistic effect of
AM was found to operate only for students with lovat@rage levels of WM@ather than high

levels of WMC), and again only for the verbal component of the eAamfirst glancethis
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specific finding seems to contradict the hypothesis and previous findingsefpinat-implicit
model of AMGareau & Gudreau, 2017; Gareau et al., 20H)wever, itisimportant to
reiterate that experimentally priming AM is not the same as measuring individual differences in
implicit AM. Although unexpected and contradiction tdheoriginal hypothesis, our finding
appears nonetheless reinterpretable for at least two reasons

On the one hand, past research in cognitive psychalogyedhhat priming effect are
more likely to be working fomdividuals with lower levels of WM{Heyman, Van Rensbergen,
Storms, Hutchiso, & De Deyne, 2014, Ortells, Noguera, Alvarez, Carmona, & Houghton,
2016) In the SDT literature a similar priming contingency was found with mindfulness
disposition,in which thesubliminal primng of AM was found to influence the performance of
studenton a quiz but only for those with low levels of mindfulnéRadel, Sarrazin, Legrain, et
al., 2009) Earlier we noted some interesting parallel between executive function and
mindfulnesgHolas & Jankowski, 2013; Riggs et al., 201Bhe ability to oriehour attention on
the present and to be aware of the moment is the key cognitive component of the mindfulness
definition. Working memory and mindfulness disposition also share a fair amount of variance
that may be attributable to their shared underlyibgnéional ability(Riggs et al., 2015 verall,
the bolstering effect of AM priming on the association between explicit AMearding
performance seeso benefit individuals with lower to average WM®@ terms of practical
implications, these resultse encouraging as students with lower WMC, which are known to
underperform compared to their pe@iloway & Alloway, 2010; Rohde & Thompson, 2007)
appear to benefit more from the synergistic interplay of their explicit AM and situational cues of

implicit AM primed by the learning environment. If replicated outside the lab, such a finding
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could highlight the importance of AM cues to reduce the achievement gap associated with lower
WMC.

On the other hand, the subliminal priming of AM may have encoeshsgrious
roadblocks because individuals with higher levels of WMC are known to be more efficient in
enacting controlled and gedirected processin(Barrett et al., 2004; Conway, Cowan, &
Bunting, 2001)Concordantly, in another study, when participamse encouraged to use
controlled strategies, semantic priming effects were greatly reduced when imposing a high WMC
load (Heyman et al., 2014Pverall, semantic priming effect seems to be moderated by the
WMC of individuals. Based on this, it is reasbleato assume that students with higher levels of
WMC may have been mofecused on théexical decision task itse(f.e., deciding if the stimuli
presented is a word or patith a more controllednodeof processingHence their
automatic/impulsive prass may have been activated to a lesser extent, which could explain
why students with higher levels of WMC were not affected by the AM priming procedures.
Contrariwise, sidents with lower levels of WMGenefited from the priming procedures of AM,
as theywere more susceptible to b#luencedby the subliminal priming of AMAIltogether, the
results of the threway interaction are natirectly contradicting the previous resutitthe
explicit-implicit model of AM. When it comes to individual differencesimplicit AM, people
with higher levels of WMC benefit more froexpressing synergistic pattern of explicit and
implicit AM (Gareau & Gaudreau, 2017; Gareau et al., 204@pever, when it comes to
implicit situational cues of AM, such as the subliminahpng used in this study, people with
lower levels of WMC benefimore from their synergy between their explicit sefforted AM

and the implicit situational cues of AMhese findings complement the exphirtplicit model
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of AM by highlighting thedifferent, yet determining, moderating role of WMC on the
synergistic interplay of explicit and implicit AM.
Learning to Do Mathematical Operations Require Different Motivational Processes

Academic evaluations, at all educational stages, are often quitéspethe studied
subject (e.g. science, math, language, etc.). In this study, even if the core content of the learning
situation was of mathematical nature (i.e. modular arithmetic), the learning situation was also
designed to verbally inform participantith facts about modular arithmetic and general rules of
appliances. Therefore, some of the exam questions were not math resolution per se but were
direct questions of the presented facts (i.e. verbal component). The other questions were modular
arithmetc resolutions. Hence, in order to have more precise account of what was learned by the
participants, we decided to split the exam in two components for the same reason educational
institution separate mathematics from language skills.

We tested the syngistic and cognitive resources hypothesis of the expirgiicit
model of AM on the math component of the exam. However, we found a completely different
portrait of this threavay interaction. First, the subliminal priming effect of AM on the
associatia between explicit seffeported AM and math performance was not significant (Figure
1, Panel B2), thus no synergistic effect was found between explicit AM and the experimental
conditions. However, the experimental condition interaction with WMC was aifgiyficant
for the comparison of the control group and AM primed group. It appears that students explicit
AM predicted negatively math examination score, but only for students who did not receive any
subliminal motivational prime and had lower levels V. Interestingly, the subliminal prime

of AM significantly alleviated this negative effect found at lower levels of WMC.
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The striking difference between the findings of math versus verbal examination scores
clearly demonstrates how two different learngmgcesses seem to be at play. Past educational
psychology research has shown that learning mathematics requires different cognitive skills
(Peterson et al., 201, an create different anxiety sympto(fsley et al., 2017)and that
students have specifself-concept(Arens et al., 2017and academic motivatigiWwang et al.,
2015)about math. On another note, pressure to perform during math examination was found to
be moderated by WMC, as only individuals with higher levels of WMC were found to be harmed
by a pressure manipulatigBeilock, 2008; Beilock & Carr, 2005Loncordantly, a study also
revealed an intricate interaction with math anxiety and WMC, where the math anxiety was found
to deplete the working memory resources of participants when penfpammathematical task
(Ashcraft & Kirk, 2001) Overall, the role of WMC, math anxiety, motivation, and their potential
interaction appear far more complex when it comes to predict math skills versus verbal skills.
Future research investigating the explioiplicit model of AM on math learning mechanisms
should carefully examine the potential interaction role of math anxiety to better explicate the
unexpected findings reported in this study.

Strengths, Limits and Future Directions

In this experimental stly, we developed an-iab learning situation designed to mimic
the academic environment in which university students are often exposed. For instance, the
learning situation was seffaced, students received a course plan with a schedule to follow and a
notepad, they also received a supplemental reading that was not part of the learning situation,
and the exam had typical university questions format (e.g. multiple choices, short answers, true
or false). We believe that all those different features augthergcological validity of this

experimental study. Accordingly, for an experimental lab study, our findings are more
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representative of what could happen in the academic environment. In this learning situation
developed for this study, our results werexpeetedly different for the verbal and mathematical
components of the exam. Future studies should try to replicate these findings of the explicit
implicit model of AM across different learning situations and type of exams (e.g., multiple

choice, essays, al) to examine in more details how implicit and explicit AM plays similar or
different roles in verbal and math learning processes often encountered by students from primary
to tertiary education.

Even if the statistical analyses reported in this stushwerged with maximum likelihood
robust estimation, the results should be interpreted with caution. Detecting interaction effects in
moderation analyses requires larger sample size than multiple regression dDalysem &

Richter, 2006)In this studythe categorical experimental moderator created a statistical

condition that can be viewed as three separate simple interactions. Interaction effect size found in
this study ranged from moderate to large, accordingly, to detect such effect it is recomtoended
have more than 100 participaii@ohen et al., 2003; Dawson & Richter, 2Qd6)addition,

reliability of the variable used to create the interaction terms can greatly influence the detection

of interaction effect. Nonetheless, lab studies are adveditaxer field study in the detection of
interaction effec{McClelland & Judd, 1993jiven that high reliability is not an issue for

categorical moderator like the experimental conditions used in this study. Future studies should
nonetheless maximize theliability of their measures and aim at recruiting a larger sample to
properly estimate the effects obtained in the current study.

For the development of SDT, this experimental study offers complementary findings to
the implicit approach that is growirag much larger pace since the advent of cognitive

methodologies. Adopting a duptocess perspective with SDT brings new research avenues to
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the research problem of finding for whom and under which circumstances autonomous self
regulation can be effectiwebolsteredLevesque, Copeland, & Sutcliffe, 2008plicit
motivational processes of the mind are not to be ignored, as the implicit social cognition
approach revealed, our behaviors are not entirely controlled by our own will at a|Btangg,
2017). Nonetheless, humans have the reflective ability to have control over their actions, thus
the conscious processes that underlies AM should remain the main determinant of autonomous
selfregulation, as we are not just mere automata who accumulate knoviatghe
environment. In our view, automatic/impulsive processing does not conflict with SDT concept of
freedom and will, but expand our understanding of how adaptive unconfsargs &
Morsella, 2008; Wilhelm Hofmann & Wilson, 2018hd conscious prosses are inevitably
intertwined in the prediction of social behavior.
Conclusion

Does the effect of explicit sefeported AM on a learning task performance can be
bolstered by subliminal AM cues? In all, the findings of this experimental priming stuslydext
the previous findings of the expliginplicit model of AM by demonstrating that implicit
situational environmental cues can causally influence the relationship between explicit self
reported AM and verbal learning performance. Synergy between individss 6 di sposi ti on
and subliminal priming of AM was a determining factor in the prediction of subsequent learning
performance. Contrary to the initial cognitive resources hypothesis, individuals with average to
low levels of WMC were the ones affectid® most by the subliminal priming procedure of AM.
Overall, studentsd6 evaluation of their own AM
that fosters the sustainment of AM for them to perform adequately, even if that environment is

not consciously peeived.
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Table 1

Descriptive statistics and\ariate associatioabetween all of the studied variables

Variables M SD 1 2 3 4 5 6 7
1. Explicit AM 4,523 1.187

2. Explicit CM 2.632 1.198 .040

3.clc2 0.345 0.477 -.060 -.076

4. clc3 0.314 0.467 .096 -.072 -.495*

5. WMC 58.075 11.771 -.045 113 .008 .054

6. Math anxiety 2.431 0.784 .052 289 -.134 .084 -.033

7. Verbal exam 0.626 0.134 -.002 .003 .062 -.038 .263* -.200¢

8. Math exam 0.708 0.219 -.127 -.058 .087 -.027 .064 -.277* .206*

Note. *p < .05. AM = autonomous motivation, CM = controlled motivation, c1c2 = AM primed vs neutral
primed, c1c3 = AM primed vs CM primed, WMC = working memory capacity. In grey are the mean differ
with AM primed group as the reference gpou



Table 2

Hierarchical moderated regression analyfs the threeway interaction model when predicting verbal component

Variables Step 1 Step 2 Step 3

B p B p B P
Main effects
Explicit autonomous motivatioAM) .026 732 .308 .028 .249 .057
Working memorycapacity (WMC) .257 .001 313 .026 376 .003
AM primed vs control group (c1c2) .054 .790 .021 915 .029 .881
AM primed vs CM primed (c1c3) -.049 787 -.056 751 -.027 .8
Interaction terms
Explicit AM x c1c2 -.461 .015 -.446 .017
Explicit AM x c1c3 -.404 .038 -.407 .020
WMC x clc2 -.205 .287 -.267 143
WMC x clc3 .003 .988 -.092 .593
Explicit AM x WMC .096 274 -.103 .282
Explicit AM x c1c3x WMC .389 .042
Explicit AM x c1c2x WMC 403 .015
Control varialees
Explicit CM .030 .706 .007 .934 .025 .750
Math anxiety -.197 .019 -.189 .022 -.196 .017
Variance explaine® (aR?) 10.9% 16.3% (5.4%) 19.5% (3.2%)

Note AM = autonomous motivation, CM = controlled motivation, c1c2 = AM primed vs neutral primed, c1c3 = AM
primed vs CM primed, WMC = working memory capacity. In bold are the effects that are worth examining.
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Table 3

Hierarchical moderated regression analyfs the threeway interaction model when predicting math component

Variables Step 1 Step 2 Step 3
B p B p B P
Main effects
Explicit autonomous motivatioAM) -112 142 -.076 .610 -.114 464
Working memorycapacity (WMC) .045 .622 -.133 391 -.096 531
AM primed vs control group (c1c2) 137 501 156 443 176 379
AM primed vs CM primed (c1c3) .082 677 109 574 .108 .582
Interaction terms
Explicit AM x c1c2 -.032 .875 -.080 .692
Explicit AM x c1c3 -.068 176 -.010 .960
WMC x clc2 .390 .049 .352 .059
WMC x clc3 101 .618 .062 .761
Explicit AM x WMC -.043 .625 -.165 224
Explicit AM x c1c3x WMC 491 .017
Explicit AM x c1c2x WMC .052 779
Cortrol variables
Explicit CM .030 729 .051 .539 .074 .367
Math anxiety -.274 .002 -.265 .004 -.269 .003

Variance explaine® (aR?)

12.7% (3.1%)

15.9% (3.2%)

Note AM = autonomous motivation, CM = controlled motivation, c1c2 = AM primed vs neutral primed, c1c3 = AM
primed vs CM primed, WMC = working memory capacity. In bold are the effects that are worth examining.
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CHAPTER 5: General discussion

The main goal of my thesis was to investig
their school activities and academic achievement. Given that the literature portrayed a somehow
weakerthan anticipated association, | adopted a-gwatess perspective to explore the
implicit/'unconscious motivational process of AM within the SDT framework. Accordingly, |
developed thexplicit-implicit model of AMor predicting academic achievement angples of
university students that incorporates notions of the implicit social cognition approach. The dual
process perspective developed in this thesis was built around the integrative process described by
SDT. In past studies, the integrative processivea®r truly measured, but mostly used as a
heuristic to create empirical investigation and interpret the results of studies. As a consequence,
propositions were made to circumvent this particular issue, which included the idea of
incorporating reactioime based measures of implicit motivat{tevesque et al., 2008
Weinstein et al., 2033In this thesis, | exgnded on this methodological idea to develop an
implicit measure of AM and testedsginergistic hypothesend acognitive resource hypothesis
within the explicitimplicit model of AM. | tested these two central hypotheses of the explicit
implicit model ofAM in three original studies using prospective desi@tudy 1 and Study 2)
andanexperimental design (Study 3). The main findings of my thesis, which are summarized in
Table 1, will be discussed according to their implications for SDT, implicit scegalition

approach, and educational institutions.



Table 1

Summary of findings across the three articles
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Articles

Central thesis findings

Synergistic hypothesis

Cognitive resources hypothesis

Supplementary findings

Chapter 2: First exploration of thr When in synergy, explicit and implicit AM
explicit-implicit model of AM interacted together and predicted higher
SGPA. This synergistic pattern parallelec
the integrative process assumption of SC
by demonstrating that internalization is a
key ingredienfor theachievement of
students.

Chapter 3: Reciprocal effect of
AM and replication of study 1

As it was revealed in study 1, explicit anc
implicit AM interacted together to predict
SGPA. This second studyetsa Bayesin
approach stemming frothe
reproducibility crisis in psychology, to
replicate the findings of study 1.

Chapter 4Priming effect of AM
on the association between
explicit AM and task
performance

In an experimental learning situation,
explicit AM for learningwas found to
positively predict verbal examination
performance, but only for students who
were subminally primed with AM words.

Activating mental representation of AM
had a bolstering effect on the association
between explicit AM and examination
performance.

The synergistic effect of explicit and
implicit AM was found to be present only
for students with average to high levels o
WMC. As the integrative process is
theorized to be anchored in the biology o
individuals, this sidy revealed that
internalization is dependent ¢ime
cognitive resources of students.

The Bayesian approach replicated the
moderating role of WMC on the
synergistic effect of explicit and implicit
AM. For students to benefit from havig
synergistic pattern of AMsufficient
cognitive resourceareneeded.

WMC was found to moderate the
experimental synergistic effect of explicit
AM and sublimindly primed AM.
However, the priming procedure was foul
to be contingent on WM@ith an opposite
effect in comparison with studies 1 and 2
Students with average to low levels of
WMC were the onemostly dfected by the
subliminal prime, and displayed sygestic
effect of explicit and implicit AM in the
prediction of verbal examination

Past studies revealed that the direct
association between WMC and academic
achievement was moderate for elementar
and hgh school students.his study
complemeredtheliterature by revealing a
smaller association between WMC and
SGPA.

A reciprocal associ
explicit AM and their academic
achievement was revealed. Thiasthe

first study to reveathis effect in a sample o
university students.

WMC had a different role in this
experimental study compared to the
correlational studyl and 2. This difference
demonstratehow WMC is an important
cognitive variable thiecan explain for
whom and under which situation the
synergistic effect of AM can operate more
efficiently.

On a different notethe resolution of math
problems the exanwas found not to be
affected by the priming manipulation, and
exposed how muctnathenaticsshould be
explored separately.

Note. AM = autonomous motivation, SGPA = semester grade point average, WMC = working memory capacity.
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Key Findings and Contributions from Study 1

The association between academic AM and subsequent academic achtdvesriseen
found to be relatively smalCerasoli et al., 203Richardson et al., 201Zaylor et al., 2014
Empirical investigations on this association have mostly relied omeggdft assessment of
academic AM. Even if those assessments have been proven to be robust predictors of social
behaviorand many consequential life outcomes, they are nonetheless l{@ileg et al., 2008
When students are asked, via a-seffort measure, to answer questions about their motivational
dispositions they might not be willing sthare such information, but more importantly they
might not have access or be aware of their own internal motivational dispe8itidson,
2003. For SDT, internalization ihe process through which individuals regulate their behaviors
more autonomously, but sekport measure of dispositional AM might not fully account for the
actual level of internalization of those regulations. Hence, | proposedhéhassessment of AM
through seHlreport measure only assesseeealarative form of sekknowledgeone has about his
or her AM. These selfeported measures, although reliable and valid, are offering little
perspective to capture the extent to which such declarative knowledde=en fully processed
and integrated within a broader network of mental representations absetf{i@&awronski &
Bodenhausen, 2006lofmann et al., 2005<uhl, Quirin, & Koole, 201%. In the first study of
my thesis, | proposed a deaiocess investigation of AM to solve this conundrum and
hypothesizedhat the synergistic interplay between explicit-sefforted AM and implicit AM
should be considered as an indicator of better well integrated AM withgetf{&Veinstein et
al., 2013.

Previous work in SDT have provided initial evidence for a synergistic effect of explicit

and inplicit AM when predicting academic achievemé@Btrton et al., 2006 Although highly
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important for the literate, this preliminary work had noticeable limitations. On the one hand,
the sample sizen(= 53) was relatively low for testing an interactive effect, and the
decomposition of the interaction was done through a megibinprocedure. On the other hand,
the aggregated dimension of AM was not analyzsdseparate analyses were performed for the
intrinsic and identified regulati@nThus,study 1of this thesis provided an upgraded analysis of
this preliminary work by enlarging significantly the sample ¢ize 272), using proper
moderated regression analysis for decomposing interactive effect and by evaluatasgaAM
whole (rather than intrinsic and/or identified regulatiord)e results of this first exploration
revealed a significant interaction betweba two theorized motivational processes. Explicit
academic AM was found to positively predict SGPA but only for students with higher levels of
implicit AM (b =.313). The duaprocess perspective of AM does seem to better capture how
well AM is internalzed across students and significantly enhances the prediction of explicit AM
on academic achievement, from a small to a moderate effect. For students to fully integrate their
AM and reach higher academic achievement, gemymed tmeed easily accessiblesmtal
representations of AM and to explicitly declare high levels of AM.

Moreover, in this first exploration of trexplicitimplicit model of AMI proposed that
the synergistic effect of explicit and implicit AM, which denotes proper internalization|ch
depend on the available cognitive resources of students. WMC was thus hypothesized to
moderate the synergistic effect of explicit and implicit AM. The #iweg interaction of explicit,
implicit AM, and WMC was found to be significant when predictiudpsequent academic
achievement. Efficient autonomous functioning, characterized by the synergistic effect of
explicit and implicit AM, was only found in students with sufficient cognitive resources. In the

SDT view, the integrative process is not jussgghological process but is also highly tied to the
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neurological functioning of the human brain. Recent neuroscience studies are starting to
converge on this particular idea that the brain has some inherent intrinsic qualities that are
essential for healthseltfunctioning(W. Lee, Reeve, Xue, & Xiong, 2@, Murayama et al.,
2013. Moreover, internalization processes were found to have most of its activities in the
prefrontal corteXKuhl et al., 201} an area of the brain that is associated with general executive
functions(Miller & Cohen, 200). The contingency of the synergistic effect of AM on WMC
might have been observed in tbtsdy because of this incidental overlap between the neural
basis of autonomous setgulation and general executive function. In sum, this first empirical
exploration of the explicitmplicit model of AM contributes to the development of SDT by
providing a new cognitive perspective on the integrative process and its consequence for
academic achievement.
Key Findings and Contributions from Study 2

To expand orstudy 1 and further the development and predictive validity ofetk@icit-
implicit model ofAM, the investigation aftudy 2had several objectives to address
methodological and theoretical gaf@ the one hand, | developedianproved version of the
LDT measure of implicit AM by addinmotivational words in orddp increase the preciseness
of the aggregated implicit score. Also, | embarked on the current replication paradigm that was
highly advocated in the recent ye@xelson, Simmons, & Simonsohn, 2Q1& respond to the,
still occurring, reproducibility crisis in psychological scierif&mmons, Nelson, & Simonsohn,
201% Simmons, Nelson, & Simonsohn, 2Q1Bayesian analysis was thus deemed the
appropriate method of analysis to replicate the main resiudtsidy 1(Kruschke & Liddell,
2017. On the other hand, investigations on the association between academic AM and

subsequent academic achievement have largely ignored the inevitable bidirectional dynamic
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between past academic achievement, present academic AM, amdaitaidiemic achievement.
Hence, instudy 2 | also examined the reciprocal effect of AM and academic achievement with a
secondsample of university students.

First, it is important to recognize that university students do not arrive on campus with a
blankslateover their academic achievements. Before entering their university program, they
were in high school, and before that, in elementary school. University students have accumulated
enough knowledge to be accepted in a university program, but theargaastmic achievements
can reveal more thguast, how good academic performehey are Their past academic
achievements are also a direct reflection of how well they coped, motivated themselves, self
regulated and felt competent over the years. Througheutacademic career, they have also
developed psychological skills that brought them where they are now. This assertion is reflected
in studies that revealed that the selection process of tertiary education seems to reduce the
observed variance in cogivie factors (i.e. intelligence, cognitive ability, etc.). Concordantly
allowing fornon-cognitive factors like motivation, seHefficacy or selfregulation skills- to be
more predictive of academic achievement at tertiary level of edu¢atokerman, 1994
ChamorrePremuzic & Furnham, 200&umham, Chamorr&remuzic, & McDougall, 2003
Kappe & Van der Flier, 201 Richardson et al., 20)2

Therefore, irstudy 2 the admission GPA of urersity students was hypothesized to act
as a motivational factor that influence the development of present academic AM. As predicted,

t he mediation analysis revealed that students
predictor of explicit séireported AM at university. Then, explicit seéported AM also
predicted future academic achievement at university. Students who performed better during their

last high school year were found more likely to have higher levels of explicrepelfted AV,
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thus providing evidence that past academic achievements are a factor to be considered in the
development of future academic AM

In our modern educational systems, grading systems in itself have been associated with
lower academic achievement, reduceiinmsic motivation, and diminished deep conceptual
learning, in samples of elementary studé@iolnick & Ryan, 1987Klapp, 2015. However,
the results oftudy 2 seems to propose that the sum of all grades accumulated in the last year of
high school (i.e. admission GPA), can act like a relevant competence feedback that benefits the
development of future AMAccording to SDT, students all strive to satisfy their need for
competence, autonomy, and relatedness. Those basic psychological needs are theorized as being
the nutriments for the development and sustainment of AM. The students thus probably perceive
thar successes and failures as a direct feedback of their competence, which can later promote or
hinder the development of AM. University students are nonetheless unique, because they all
succeeded in being accepted in a university program, and their graskedeemed sufficient for
postsecondary education. Overall, taking into account the reciprocal nature of motivation and
achievement portrayed a more precise estimation of future academic achievement.

The explicit seHreported AM for university studiesas positively associated with SGPA
(b=.163), but as revealed &tudy 1 this association was relatively small. The resultstady 1
indicated that adopting a duaitocess perspective can explain why this effect is smaller than
expected in the literature. Through a Bayesian analytigabaph, the findings aftudy lwere
included in the analysis as informative prior. The data of the exphgpiicit model of AM
collected instudy 2was thus tested against the prior findingstafly 1 The synergistic effect
was successfully replicateds demonstrated by the sensitivity analysis of the informative prior.

Moreover, the cognitive resources hypothesis was also replicated, however, thigayree
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interaction effect was more sensible to the informative prior. Nonetheless, Bayesian astimatio
allows for a more intuitive interpretation of the results, given that each parameter are presented
in an actual distribution, thus the probability of a null result (region of practical equivaendg
.05 = ROPE) can be directly assessed. In this p&atistudy, the thregvay interaction depicting
the cognitive resources hypothesis was outside of thegtabdlished ROPE across the different
sensitivity level on the prior, with 99.2% to 77.5% of the distribution not within the ROPE.

In sum,study Zprovided additional evidence for the expligmplicit model of AM and
the adoption of a dugdrocess perspective of AM in the prediction of academic achievement.
Study 2main contributions to the literature are twofold. On the one hand, this is the fingtstud
demonstrate that past academic achievement can positively predict exphapsetéd AM for
university studies, and that academic AM and achievement have a dynamic positive reciprocal
relationship. On the other hand, by replicating the previousrigs ofstudy 1 this second study
reinforces the plausibility of the synergistic effect of AM and the cognitive resources
contingency on the prediction of academic achievement. Still, more research is needed to further
our understanding of how duptocess models and hypothesas de better integrated to SDT.

Key Findings and Contributions from Study 3

In the last study of this thesis, my goal was to test the hypotheseseaptieit-implicit
model of AMn the laboratory. An experimental design wesated to investigate the causal
properties of the implicit process of AM on the association between AM for learning and
achievement, while examining the contingencies of this effect on WMC. Within the confines of a
lab, participants were surveyed on treplicit dispositional motivation to learn new knowledge
and randomly assigned to a subliminal priming condition. Through a lexical decision task,

participants were thus primed with either AM, CM or neutral words. Afterward, participants
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went into learmg about modular arithmetic, in a learning situation designed to be relatively
similar to the academic environment faced by university students on a daily basis. Students were
informed that the end goal of the learning situation was to perform an exédma leated

content. Overall, this experimental study aimed at investigating the causal influence of the
subliminal priming procedure of AM words, and its contingency on WMC, on the association
between explicit AM to learn and examination performance.

Accoarding to the reflectivempulsive mode(RIM; Strack & Deutsch, 2004mpulsive
processes can be activated either by perceptual input or directly in combination with the
reflective procesgself. In this experimental study, mental representations of AM were implicitly
activated via perceptual input with a subliminal prigyprocedure. Results of the moderation
analysis revealed that explicit seéfported AM to learn positively predicted verbal examination
performance, but only for the students who were subliminally primed with AM words. As
previously found irstudes 1 and 2 of this thesis, the reflective/explicit process of AM seem to
gain strength when accompanied with higher leg&implicit AM. In this experimental study,
implicit AM was subliminally activated to elicit this synergistic effect. As described in lile R
behaviors that are generated by the reflective process are a consequence of a decision process
that is certainly volitional, but when this specific process is paired with compatible impulsive
processes, the resulting behavioral regulations are mem flin this study, the subliminal
activation of AM contributed to the autonomous behavioral regulations that were explicitly
measured through sekported AM. The results of this study corroborated the RIM proposition
that a synergistic interplay betwesgilective and impulsive processes should facilitate the

appearance of the specific behavioral regulation.
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The interpretation of the findings within the RIM also resonates with the theoretical
propositions of SDT. As previously discussedtindes1 and 2, the synergistic effect of explicit
and implicit AM can be taken as an indicator of integration. The first two studies, which relied
on a correlational design, depictegerson x person effeatrhere individual difference
measures of dispositional AMteracted in the prediction of academic achievement. However, in
this experimental study (study 3), the subliminal prime of AM created a condition in which, the
effect of studentsodé explicit AM was bol stered
experimental synergistic effect should thus be interpreted@esson x situation effeavhere the
subliminal prime acted as a situational cue that causally influenced the strength of the association
between explicit AM and examination score. As predicted bgymergistic hypothesis, gtudy
3, explicit selfreported AM was a positive predictor of examination performance (for the verbal
component), but only for students who were subliminally primed with AM words. For SDT, this
bolstering role of implicitly ativating AM can be interpreted as a situational factor that fosters
the internalization of AM and enable the students to enact the full potential of their AM
disposition. However, the internalization process is known to be facilitated by a social
environmat that is autonomy supportive, in opposition to controlling, as demonstrated by ample
empirical evidencée.g.,Black & Deci, 2000 Grolnick & Ryan, 1989Moreau & Mageau, 2012
Reeve et al., 2014/ ansteenkiste et al., 200MNonetheless, even if in this experimental study
sociacontextual factors were absent of the analysis, the unconsciously perceived situational cues
of AM were still able to facilitate the enactment of AM and ultimately helpetstudents
perform better on the verbal component of the exam. Overall, it seems thagsaicommental
cues that promotes AM might not need to be consciously perceived by the students to facilitate

the expression of explicit AM. For SDT, this open®amesearch avenue because implicit cues
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in the social context even those that are not always conscientiously percéiecad sometime
accentuate the association between explicitd®tfared AM and academic achievement.

The positive role of WMC orhe synergistic effect of explicit and implicit AM was
revealed irstudy land replicatedgtudy 2 Individuals with higher levels of WMC seem to
benefit from displaying a synergistic pattern of AM between the two motivational processes.
However, in this exgrimental study, the synergistic effect was operational for students with low
to average levslof WMC, thus contradicting the initial hypothesis of the expliTiplicit model
of AM. The experimental synergistic effect was observed only in studentsowitto laverage
levels of WMC. Although surprising at first glance, insight from cognitive psychology can be
drawn to interpret this particular result. First of all, semantic priming effect, like the one use in
this study, has been found to be more likelpappen when individuals have lower levels of
WMC (Heyman, Van Rensbergen, Storms, Hutchison, & De Deyne, 2iifells, Noguera,
Alvarez, Carmona, & Houghton, 201&econdly, individuals with higher levels of WMC are
known to use more controlled processfBarrett et al., 2004Conway, Cowan, & Bunting,
2007, and might have been performing the LDT with such controlled that the subliminal prime
could not affect them as much. Overall, this experimental study complement the findings of
studes1 and2 onthe role of WMC for the synergistic effect of explicit and implicit AM. For an
implicit situational cue of AM to influence explicit AM, students with lower levels of WMC can
benefit to a greater extent from the implicit situational cues.

Limitations and Future Research Directions

As demonstrated above, this thesis made a significant contribution to the study of

motivation in the educational context. Nevertheless, several limitations should be acknowledged

to facilitate the development of future studies.
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Generalization of the Synergistic Effect to Other Educational Levels

In this thesis, | selected undergraduate students as the target population of my research
program and collected samples of university students at a large Canadian university. Of
particularconcern, the results of this thesis should not be generalized beyond the university
context and the cultural background of North America. The results are also limited to tertiary
education, and more specifically to the demographic age groups of youtsy &dture work
will be needed with younger students in high school as well as adult learners. For what we know,
the synergistic effect of explicit and implicit AM might operate differently with younger
populations of students in high school or elemergahpol. The cognitive process of
internalizing autonomous behavioral regulation might be contingent on the normal maturation
process of the frontal cortex. Therefore, | suspect that the findirige @xplicitimplicit model
of AMmight bear different irrnalization patterns earlier in the human development.

Does the integrative process operate the same way in infants, children, adolescents and
adults? Most likely, | suspect that our intrinsic motivational capacities have developmental
stages, and an undigng maturation process that is embedded in the development of our brain.
A similar proposition has been madeRyan and Deci (2017Which expect that the process of
autonomously internalizing behavioral regulations might require a cert@hdegognitive
maturation. Intrinsic motivation is the most seéftermined form of AM and is defined by the
actions of an individual that are pursued for the inherent satisfaction and pleasure that is derived
from a given activity. Feelings of pleasurnieedtly comes from the limbic system and can
motivate our future actions when the feelings of pleasure are associated with our behaviors
(Berridge & Kringelbach, 20)3Even in infants, intrinsic behaviors like exploration, curiosity,

and play can be elicited and maintaimedhe absence of external rewa(tiarter, 19781981
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Lepper, 1981Lepper, Greene, & Nisbett, 19/3Humans are thus equipped with an internal
rewarding system that is deployed through simple pleaseeking behavior. However, as
children grow, their fontal lobe will naturally develop and allow them to cognitively evaluate
their social environment and their actions with more nuanced and complexity. Yet, few studies
have explored the developmental mechanisms of academic AM in children and ado(@scents
E. Gottfried, 1985A. E. Gottfried, Fleming, & Gottfried, 1992001, A. E. Gottfried,
Marcoulides, Gottfried, & Oliver, 20QR. W. Gottfried, Cook, Gottfried, & Morris, 2005In
thoses udi es, results have mainly revealed that
diminish overtime within the educational context. However, as this thesis demonstrated, self
reported evaluations of academic motivation might not precisely represéenehthrough
which autonomous regulation have been integrated isdtidn addition, the natural cognitive
development of children has been proposed to be associated with the emergence of the explicit
system through which children may reflect and e&td their own mental contef@Ison &
Dunham, 201D Therefore, it could be proposed that the synergistic interplay between explicit
and implicit AM, and the development of efficient ABltied to the normal cognitive maturation
process

Moreover, this thesis revealed that internalization in young adults is contingent on their
working memory capacitigsan indicator of executive function. If the integrative process is
i nher ent ,r etdh uisn fAtahnec hboi o(Ryarg&Deam, PO14, m §0ithe i dual s 0
developmental pattern of internalization should follow the normal brain maturation process. Is
the normal development of executive functions, and working memory dapatitlows the
development of autonomous functioning in parallel, or do executive functions directly influence

the development of efficient AM? Interestingly, as the development of working memory
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capacities has been found to follow the general trendanf naturation from childhood to late
adolescencéConklin, Luciana, Hooper, & Yarger, 200%ve could expect the integrative
process to follow the same mattima process. Overall, the findings of this thesis have given
insight into the integrative process of SDT with samples of young adults with matured brain and
cognitive capacities above the general population. Future studies should examine the hypotheses
of theexplicit-implicit model of AMoy decreasing the age of the samples one study at the time.
As a result, those studies would allow to observe more easily the developmental patterns both
AM and executive functions, and their emergingocourrence acrogsne
Gender Representation and Differences in Academic Motivation

All the samples recruited in this thesis had a larger proportion of females (86%, 74.8%,
and 65.9%). Therefore, the findings of this thesis are also limited by this sample characteristic.
However, the disproportion of female students in undergraduate programs is not too surprising
for those samples of undergraduate students. Considering that, since 1990, in Canada, the
percentage of women enroll filme in undergraduate university prograhas always been
larger than men with a high of 57.9% in 2Q01rcotte, 201} In addition, even if the samples
of this thesis had students from a variety of programs, most of the participants were coming from
humanities and social and health science programs. In those programs, the proportion of women
is even larger (64.3%, 67%, 77%) than the average proportion census ifT a0figte, 2011
Overall, the samples of this thesis were not exactly representative of the Canadian student
population orgender and type of programs. As such, the results of this thesis might thus be more
generalizable to the female student population. Future studies should address this issue by
recruiting participants using a stratification recruitment procedure to allvea&kdown of males

and females closely aligned to the general population of students registered in tertiary education.
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On another note, the association between academic intrinsic motivation and academic
achievement in university has sometime beenfoandbe moder at ed by the st
(Vecchione, Alessandri, & Marsicano, 201%he association was stronger for the female
students and nesignificant for the male students. In the same study, extrinsic motivation was a
positive predictor of academic achievement for male students butsigroficant predictor for
female studentdvioreover, gender differences in the méewel of AM and CM have been
revealed in the literatur@rouzet, Otis, & Pelletier, 20QRatelle, Guay, Vallerand, Larose, &
Senecal, 20QAallerand, Blais, Lacouture, & Deci, 198Females have been found to have
higher levels of AM than males, and malesénaeen found to have higher levels of CM than
females. Nevertheless, revealing and exploring gender differences in psychology should follow
the same theoretical rigour than any psychological effect. Within the SDT framework, gender
differences hypothesémve not been readily developed, hence, the results of those past studies
should be interpreted cautiously. In addition, recentlygtreder similarity hypothes{glyde,
2005, which proposes that men and female are alike on most psychological variables, has gained
traction through entire psychological figl@ranron, 2016. Future theoretical work on gender
differences within SDT should also be developed to consider the growing reality that many
students on our campus are not adhering to a dichotomous male versus female definition of their
gender. Overall, carefftheoretical elaboration on gender and its role in human motivation
should precede future work examining the specific role(s) of gender exgheitimplicit model
of AM.
What about controlled motivation?

SDT describes the advantages that come iwidrnalizing behavioral regulations that are

more autonomous and coherent withsb# The benefits of AM have been clearly
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demonstrated across hundreds of studies in educ&ioa, Chee Keng, & Ryan, 2016uay et

al., 2008, work (Gagné, 201yland sports settinfHagger & Chatzisarantis, 200 but such this
researchiemains an important endeavor for developing psychosocial interventions that are
aligned with the inherent intrinsic function of human motivation. However, it can be argued that
theorizing and research within the SDT framework still remains widely skeasmedd AM The
internalization continuum of SDT describes behavioral regulation based on their perceived
sources of causatidnform external to internal. Through the interaction with the social
environment, some individuals will more easily and deeplymatéee the source of their

behavior. In other cases, the internalization process will fail or remain incomplete, and those
individuals will associate the cause of their behavior to external factors. This pattern of less
internalized regulation is referréd as controlled motivation (CM), and empirical studies on this
particular dimension of human motivation are not exactly lacking, but | would say that CM is
often ignored in the interpretation of the findings. Recent empirical evidence has demonstrated
the importance of examining both dimensions of the internalization continuum for their unique
contribution, their interaction, and their relative agreement/disagreement to one @anthet,
Gunnell, Gaudrau, & Sabiston, 20)5Across three studies, Brunet and her colleagues (2015)
found that, participants for whom AM was relatively higher than CM were more likely to
experience positive outcomes (e.g., higher goal progress, academic achievemensféttisati
engagement, feelings of joy, etc.). Interestingly, when AM and CM were both high, positive
outcomes were also observed on academic planning, engagement, average grades, and feelings
of joy. In other words, the tendency to eschew CM to focus ¢tieal and empirical attention to

AM may limit our capacity to fully understand the respective roles of AM and CM within the

SDT framework.
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In this thesis, | too, deliberately focused on the AM dimension because of its presumed
importance to promote optial social functioning, welbeing, and achievement in the academic
context. The findings of this thesis are thus limited to the AM dimension, even though CM was
properly controlled for in all statistical analyses to ensure that explicit and implicit AM
dimensions were aligned with the underlying theory and psychometric properties of the
construct. The polynomial regressibased approach used Byunet et al. (2015¢ould be used
to investigate explicitmplicit AM and CM interactions. Although highly interesting, this
variablecentered approach can rapidly become computationally complex when more than two
predictors are hypothesized in the model. Therefore, adopting a fmenst@med approach to the
analysis of expligiimplicit AM and CM appears more promising to reveal different motivational
profiles of internalization. As demonstratecRatelle et al. (2007)atent clas analysis revealed
that students with higher levels of both AM and CM were less absent in their class, more
satisfied with school, less distracted in class, and performed better than their peers. Future
studies could investigate the different witparsen combination of explicitmplicit AM and
CM to further our understanding of those distinct motivational dimensions on consequential
educational outcomes.

Theoretical and Practical Implications

The exploration of the integrative process performed inthigsis holds several
theoretical and practical implications. SDT has now been developed more than 30 years ago and
the field of psychology has largely grown since tfieaci & Ryan, 1985 Cognitive
methodologies are now more accessible than ever. Accordingly, in this thesis, | had the
opportunity to investigate the central assumption of the integrative process with insight from the

implicit cognition paradigm. Thétee studies of my thesis have important theoretical
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implications for SDT, because they are connecting two distinct theoretical traditions
humanistic and cognitivewith concordant results that are interpretable in light of both
paradigms. Duaprocessnodels are now ubiquitous in psychology and provide deeper insights
into human behavior by bringing together cognitive and social psychology. In this thesis, |
offered a first glance of what duptocess models can bring to the study of human motivation
within the SDT framework.

The synergistic effect of explicit and implicit AM is theoretically and methodologically
important for SDT. Theoretically, the empirical support for the synergistic effect of explicit and
implicit AM on academic achievement is c@tent with the internalization assumption of SDT:
The more a behavioral regulation is internalized, the more the action of individuals should be
autonomous and should lead to positive outcomes. The findings of this thesis are thus
theoretically importanbecause they are demonstrating that adopting apulaeéss perspective
on the internalization assumption can increase its predictive validity. Moreover, the implicit
measure of AM and CM developed in this thesis brings more credibility and utility tsige
of such measure for SDT. The implicit methodologies have slowly gained attention within the
SDT frameworkLevesque et al., 200&adel, 2009Weinstein et al., 20)3and this thesis
offers valuable information for researchers wishing to investigate the influence of implicit
motivational processein their future studies.

This thesis also has practical implications for the scientific community. All of the
methodological materials presented in this thesis are available online on the
OpenScienceFramework servensf(io/u86hw) The implicit measuref AM and CM
programed in EPRIME 2.0 is therefore available to researchers wishing to pursue this line of

work. Moreover, MPLUS syntax for models with moderateoderation (i.e., threway
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interaction), mediated moderatatbderation, and moderat@goderaion with a categorical

moderator models have been developed and are shared on the same server link. Those syntaxes
are complicated to formulate. Providing those examples to the research community is also a
methodological contribution of this thesis.

Lastly, this thesis also has practical implications for the educational context. As
demonstrated, the measurement of academic motivation is not entirely complete when only a
selfreport assessment is taken into account. As such, counselors could be traiogd & ad
dualprocess perspective when intervening with students, or at least be informed that self
reported motivation should only be understood as the reflective/conscious part of the
motivational characteristics of a student. Thus, by training them tadeorise dual nature of
studentsd motivational processes, applied psy
deficient motivational profiles. Overall, the implication of this thesis for the scientific
community is widespread. Future work unto iti@licit approach of SDT might help
transitioning the empirical evidence in the hand of who needs it thei rtfusistudents of
tomorrow.

Conclusion

This thesis investigated, through a dpadcess SDT perspective, the motivational
determinants of academachievement. SDT initially proposed that students who regulate their
action more autonomously should perform better academ(dlyi & Ryan, 19852002 Ryan
& Deci, 2017. However, the literature portrayed a somehow weaker than expected association
between selfeported AM and academic achievemg@ichardson et al., 201Zaylor et al.,

2014). Accordingly, this thesis premise was that students are not alwagsicus or aware of

their own motivational disposition. Therefore, seported academic AM is not precisely
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tapping into the internalization process that is described in SDT. In this thesis, | integrated notion
from the implicit social cognition paradrgto better understand for whom and under which
circumstances seteported AM can predict academic achievement. Adopting aptoakss
perspective on the studento6és academic AM was
motivation and its consequee on academic achievement. The expimplicit model of AM
that was developed in this thesis contributed to the emerging implicit perspective within SDT
(Levesque et al., 200&Radel, 2009Weinstein et al., 20)3by providing hypotheses and
empirical evidencéor the study of implicit motivationgrocess within SDT.

In two prospective studies, the synergistic interplay of explicit and implicit AM was
found to positively predict academic achievement. The combination of high levels of explicit and
implicit AM seems to be a necessary condition forititernalization process. In the last study of
this thesis, an experimental manipulation revealed that situational cues of implicit AM causally
influenced the association between explicit AM and subsequent task performance. The support
for this novel hypdtesis on the synergy between explicit and implicit motivational processes of
AM T across three studiéss the major contribution of this thesis and an important addition to
the SDT literature. Moreover, in the two prospective studies, the synergistt wés found to
be contingent on the studentsd WMC. The posit
processes of AM seems to operate only for individuals who have enough cognitive resources.
I nternalizing oneds beh atveitask(Rydn & Dexig20l7at i on i s
Weinstein et al., 20)3and individualdifferences in WMC were foud to support this
proposition.

Overall, the implicit social cognition paradigm has still a lot to offer for the development

of SDT. This is without a doubt exciting time for experimental social psychology researchers
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interested in the unconscious aspddetf-determination, because implicit cognitive theories are
blooming(Gawronski & Payne, 201 Nosek et al 201) and their measurement methods are
becoming more accessible to the neophyte. Recently, on the central autonomy principle within
SDT concerns have surfaced over the notion that individuals are not always conscious of their
actions(Bargh, 2017Bargh, Gollwitzer, LeeChai, Barndollar, & Trotschel, 200Bargh&

Morsella, 2008 However, proposing a duptocess approach like the one adopted in this thesis
was a stepping storiea significant contributiofi required to provide the preliminary theory
elaboration, methodological advances, and empirical eviderin&rm this debate. In this

thesis, | demonstrated that differentiating explicit motivational processes from their implicit
counterparts in SDT can bring together, in a coherent whole, different streams of research with

high heuristic value for the delopment of future theoretical and empirical work.



178

References forchapter 1 and 5

Acee, T. W., Cho, Y., Kim, J. ., & Weinstein, C. E. (2012). Relationships among properties of
college students' seffet academic goals and acadenciti@vementEducational
Psychology, 3@), 681698. doi: 10.1080/01443410.2012.712795

Ackerman, P. L. (1994). Intelligence, attention, and learning: Maximal and typical performance.
Current topics in human intelligence, %#27.

Ahmed, W., & Bruinsma, M(2006). A Structural Model of Se€oncept, Autonomous
Motivation and Academic Performance in Cr@adtural PerspectiveElectronic Journal
of Research in Educational Psycholog{B3)455£575.

Alloway, T. P., & Alloway, R. G. (2010). Investigating theegdictive roles of working memory
and 1Q in academic attainmedbournal of experimental child psychology, 126-29.
doi: 10.1016/j.jecp.2009.11.003

Alloway, T. P., Gathercole, S. E., Adams;M., Willis, C., Eaglen, R., & Lamont, E. (2005).
Working menory and phonological awareness as predictors of progress towards early
learning goals at school entBritish Journal of Developmental Psychology, 237
426. doi: 10.1348/026151005X26804

Bargh, J. A. (1990). Autmotives: Preconscious determinants afigbinteraction. In E. T.
Higgins & R. M. Sorrentino (Eds.Handbook of motivation and cognition: Foundations
of social behavio(Vol. 2, pp. 93130). New York, NY, US: Guilford Press.

Bargh, J. A. (2017)Before you know it: The unconscious reasons eve/ftlt we doSimon and

Schuster.



179

Bargh, J. A., Gollwitzer, P. M., Le€hai, A., Barndollar, K., & Trotschel, R. (2001). The
automated will: nonconscious activation and pursuit of behavioral goaimal of
Personality and Social Psychology,, 8D14. da 10.1037//00223514.81.6.1014

Bargh, J. A., & Morsella, E. (2008). The Unconscious Mielspectives on Psychological
Science, @), 7379. doi: 10.1111/j.1745916.2008.00064.x

Barrett, L. F., Tugade, M. M., & Engle, R. W. (2004). Individual DiffereniceWorking
Memory Capacity and Dudtrocess Theories of the Minélsychological Bulletin, 130
doi: 10.1037/0032909.130.4.553

Berridge, K. C., & Kringelbach, M. L. (2013). Neuroscience of affect: brain mechanisms of
pleasure and displeasufeurr Opin Neurobiol, 23 294 303. doi:
10.1016/j.conb.2013.01.017

Bissonnette, V., Ickes, W., Bernstein, 1., & Knowles, E. (1990). Personality moderating
variables: A warning about statistical artifact and a comparison of analytic techniques.
Journal of Personality58, 567587. doi: 10.1111/j.1468494.1990.tb00243.x

Black, A. E., & Deci, E. L. (2000). The effects of instructors' autonomy support and students'
autonomous motivation on | earning organic
perspectiveScience education, 8440756. doi: 10.1002/109837X(200011)

Bramon, L. (2016)Gender: psychological perspectivé®utledge.

Brunet, J., Gunnell, K. E., Gaudreau, P., & Sabiston, C. M. (28tbnhtegrative analytical
framework for understanding the effects of autonomous and controlled motivation.
Personality and Idividual Differences, 842-15. doi: 10.1016/j.paid.2015.02.034

Burton, K. D., Lydon, J. E., D'Alessandro, D. U., & Koestner, R. (2006). The differential effects

of intrinsic and identified motivation on weeing and performance: Prospective,



180

experimenth and implicit approaches to selétermination theorylournal of
Personality and Social Psychology,, 60762. doi: 10.1037/0023514.91.4.750

CACUSS. (2013)Postsecondary student mental health: Guide to a systemic approach
Canadian Mental Healthssociation.

Carpenter, W. B. (1874). On the Doctrine of Human Automafidm.Contemporary review,
18661900, 25 397416.

CEA, & OISE. (2011). The facts on education: How best to motivate students? : Ontario Institute
in Studies in Education.

Cerasoli, CP., Nicklin, J. M., & Ford, M. T. (2014). Intrinsic motivation and extrinsic
incentives jointly predict performance: a-¢#@ar metaanalysis Psychological Bulletin,
140, 980G-1008. doi: 10.1037/a0035661

ChamorrePremuzic, T., & Furnham, A. (2003). Perabty predicts academic performance:
Evidence from two longitudinal university samplé®fkes Pers, 34), 319338. doi:
10.1016/s0095566(02)00578)

Chia, L. W., Chee Keng, J. W., & Ryan, R. M. (20I®)ilding autonomous learnerSingapore
Heidelberg Nw York Dordrecht London Springer.

Conklin, H. M., Luciana, M., Hooper, C. J., & Yarger, R. S. (2007). Working memory
performance in typically developing children and adolescents: behavioral evidence of
protracted frontal lobe developmebBev NeuropsychpB1, 103128. doi:
10.1080/87565640709336889

Conway, A. R. A., Cowan, N., & Bunting, M. F. (2001). The cocktail party phenomenon
revisited: The importance of working memory capadiyychon Bull Rev,,831-335.

doi: 10.3758/BF03196169



181

Cowan, N. (2014)Working memory underpins cognitive development, learning, and education.
Educational Psychology Review, (25 197%223. doi: 10.1007/s1064813-9246y

Deci, E. L., & Ryan, R. M. (1980). Seffetermination theory: When mind mediates behavior.
The Journal oMind and Behavior, (L), 3343.

Deci, E. L., & Ryan, R. M. (1985). The general causality orientations scaled&etimination
in personalityJ Res Pers, 19.09134. doi: 10.1016/0098566%2885%2990028

Deci, E. L., & Ryan, R. M. (2002Handbook okeltdetermination researctUniversity
Rochester Press.

Deutsch, R., Kordt&reudinger, R., Gawronski, B., & Strack, F. (2009). Fast and fragile: A new
look at the automaticity of negation processiagperimental psychology, 5834. doi:
10.1027/1618169.56.6.434

DeWall, C. N., Baumeister, R. F., & Masicampo, E. (2008). Evidence that logical reasoning
depends on conscious processidgnsciousness and Cognition,, 528645. doi:
10.1016/j.concog.2007.12.004

Evans, J., & Frankish, K. (2009h two ming: Dual processes and beyorixford University
Press.

Fazio, R. H. (1990). Multiple Processes by which Attitudes Guide Behavior: The Mode Model as
an Integrative FrameworR3, 75109. doi: 10.1016/s0068601(08)60318!

Fenesi, B., Sana, F., Kim, J. A.,&hore, D. I. (2015). Reconceptualizing working memory in
educational researckducational Psychology Review,(2y, 333351. doi:

10.1007/s1064814-9286y



182

Ferguson, M. J., Hassin, R., & Bargh, J. A. (2008). Implicit motivation: Past, present, and future
InJ.Y.S.W. L. Gardner (Ediandbook of motivation scien@ep. 1560166). New
York, NY, US: Guilford Press.

Fortier, M. S., Vallerand, R. J., & Guay, F. (1995). Academic motivation and school
performance: Toward a structural modeébdntemporary Edwtional Psychology, 20
257-274. doi: 10.1006/ceps.1995.1017

Furnham, A., Chamorr®remuzic, T., & McDougall, F. (2003). Personality, cognitive ability,
and beliefs about intelligence as predictors of academic performazaraing and
Individual Differenes, 141), 4764. doi: 10.1016/}.lindif.2003.08.002

Gagné, M. (2014)The Oxford handbook of work engagement, motivation, and self
determination theoryNew York: Oxford Library of Psychology.

Gareau, A., & Gaudreau, P. (2017). Working memory moderategfeée of the integrative
process of implicit and explicit autonomous motivation on academic achievesnésh
Journal of Psychology, 10801-720. doi: 10.1111/bjop.12239

Gawronski, B., & Bodenhausen, G. V. (2006). Associative and propositional pesdas
evaluation: an integrative review of implicit and explicit attitude chaRggchological
Bulletin, 1325), 692. doi: 10.1037/0033909.132.5.692

Gawronski, B., & Creighton, L. A. (2013). Duptocess theories. In D. E. Carlston (Edihe
Oxford handbook of social cognitiofpp. 282312). New York: Oxford University Press.

Gawronski, B., & Payne, B. K. (2011andbook of implicit social cognition: Measurement,
theory, and applicationsGuilford Press.

Gottfried, A. E. (1985). Academic intrinsic nidtion in elementary and junior high school

studentsJournal of Educational Psychology, (6§, 631.



183

Gottfried, A. E., Fleming, J. S., & Gottfried, A. W. (1998). Role of cognitively stimulating home
environment in children's academic intrinsic motivatidriongitudinal studyChild
Development, 6914481460. doi: 10.1111/].1468624.1998.tb06223.x

Gottfried, A. E., Fleming, J. S., & Gottfried, A. W. (2001). Continuity of academic intrinsic
motivation from childhood through late adolescence: A longmaidstudy.Journal of
Educational Psychology, 9B), 3-13. doi: 10.1037/002R663.93.1.3

Gottfried, A. E., Marcoulides, G. A., Gottfried, A. W., & Oliver, P. H. (2009). A latent curve
model of parental motivational practices and developmental declinetimamd science
academic intrinsic motivatiodournal of Educational Psychology, 1029. doi:
10.1037/a0015084

Gottfried, A. W., Cook, C. R., Gottfried, A. E., & Morris, P. E. (2005). Educational
characteristics of adolescents with gifted academic sirimotivation: A longitudinal
investigation from school entry through early adulthdadted Child Quarterly, 49172
186. doi: 10.1177/001698620504900206

Greenwald, A. G., McGhee, D. E., & Schwartz, J. L. K. (1998). Measuring individual
differences inmplicit cognition: the implicit association tesburnal of Personality and
Social Psychology, 18), 1464.

Greenwald, A. G., Poehiman, A. T., Uhlmann, E. L., & Banaji, M. R. (2009). Understanding and
using the implicit association test: Ill. Med@aalyss of predictive validityJournal of
Personality and Social Psychology,, 97. doi: 10.1037/a0015575

Grolnick, W. S., & Ryan, R. M. (1987). Autonomy in children's learning: An experimental and
individual difference investigatiodournal of Personality @d Social Psychology, $),

890-898. doi: 10.1037/0023514.52.5.890



184

Grolnick, W. S., & Ryan, R. M. (1989). Parent styles associated with childrenrtegelétion
and competence in schodburnal of Educational Psychology, 8143 154. doi:
002243663/8/$00.75

Grouzet, F. M. E., Otis, N., & Pelletier, L. G. (2006). Longitudinal Gi@ssder Factorial
Invariance of the Academic Motivation ScaBtructural Equation Modeling: A
Multidisciplinary Journal, 181), 7398. doi: 10.1207/s15328007sem1301_4

Guay,F., Lessard, V., & Dubois, P. (2016). How can we create better learning contexts for
children? Promoting studentsd autonomous m
educational outcome&uilding autonomous learnefpp. 83106): Springer.

Guay, F., Ratedl, C., F., & Chanal, J. (2008). Optimal learning in optimal contexts: The role of
seltdetermination in educatio@anadian Psychology/Psychologie canadienné3%9
233-240. doi: 10.1037/a0012758

Guay, F., & Vallerand, R. J. (19980cial context, stud¢s motivation, and academic
achievement: Toward a process mo&elcial Psychology of Education,211-233. doi:
10.1007/bf02339891

Gunnell, K. E., & Gaudreau, P. (2015). Testing-#alsior model to disentangle general and
specific factors of motivatiom selfdetermination theoryPersonality and Individual
Differences, 813540. doi: 10.1016/.paid.2014.12.059

Hagger, M. S., & Chatzisarantis, N. L. (200Atrinsic motivation and selfletermination in
exercise and spartHuman Kinetics.

Hardre, P. L, & Reeve, J. (2003). A motivational model of rural students' intentions to persist in,
versus drop out of, high schodburnal of Educational Psychology, ,9%47. doi:

10.1037/00220663.95.2.347



185

Harter, S. (1978). Effectance motivation reconsidered.ardw developmental modéluman
Development, 2134-64. doi: 10.1159/000271574

Harter, S. (1981). A new seléport scale of intrinsic versus extrinsic orientation in the
classroom: Motivational and informational componebisv Psychol, 1,7300. doi:
101037/00121649.17.3.300

Heyman, T., Van Rensbergen, B., Storms, G., Hutchison, K. A., & De Deyne, S. (P6&4).
influence of working memory load on semantic primidgurnal of Experimental
Psychology: Learning, Memory, and Cognition, 211920. doi: 101037/xIm0000050

Hidi, S., & Harackiewicz, J. M. (2000). Motivating the academically unmotivated: A critical
issue for the 21st centuriReview of Educational Research, 161-179. doi:
10.3102/00346543070002151

Hodgins, H. S., Weibust, K. S., Weinstei, Shiffman, S., Miller, A., Coombs, G., & Adair, K.
C. (2010). The cost of sefirotection: threat response and performance as a function of
autonomous and controlled motivatioR&rsonality and Social Psychology Bulletin, 36
110%:1114. doi: 10.1177/0%6167210375618

Hodgins, H. S., Yacko, H. A., & Gaottlieb, E. (2006). Autonomy and nondefensiveness.
Motivation and Emotion, 3®83293. doi: 10.1007/s1103106-90367

Hofmann, W., Gawronski, B., Gschwendner, T., Le, H., & Schmitt, M. (2005). A-ametlyss
on the correlation between the implicit association test and explicitegpalft measures.
Personality and Social Psychology Bulletin, 33691385. doi:
10.1177/0146167205275613

Hofmann, W., Gschwendner, T., Friese, M., Wiers, R. W., & Schmitt, M8RWorking

memory capacity and selégulatory behavior: toward an individual differences



186

perspective on behavior determination by automatic versus controlled prodesseal
of Personality and Social Psychology, 962. doi: 10.1037/a0012705

Hopko,D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The abbreviated math anxiety
scale (AMAS) construction, validity, and reliabilixsssessment, 1278182. doi:
10.1177/1073191103010002008

Howard, J., Gagné, M., Morin, A. J., & Van den Broeck(2016). Motivation profiles at work:
A self-determination theory approaclournal of Vocational Behavior, 954-89. doi:
10.1016/j.jvb.2016.07.004

Hyde, J. S. (2005). The gender similarities hypothégiserican Psychologist, 6681. doi:
10.1037/000366X.60.6.581

James, W. (1890Y.he principles of psychologyol. 1). New York: Holt.

Kappe, R., & Van der Flier, H. (2012). Predic
more important than being smaB@ropean Journal of Psychology of Educati@?,
605619. doi: 10.1007/s1021211-00999

Keatley, D., Clarke, D. D., & Hagger, M. S. (2012). Investigating the predictive validity of
implicit and explicit measures of motivation on condom use, physical activity and healthy
eating.Psychol Health, 27550569. doi: 10.1080/08870446.2011.605451

Keatley, D., Clarke, D. D., & Hagger, M. S. (2013a). Investigating the predictive validity of
implicit and explicit measures of motivation in problswiving behavioural tasks.
British Journal of Social Psychayy, 52 510524. doi: 10.1111/j.2044

8309.2012.02107.x



187

Keatley, D., Clarke, D. D., & Hagger, M. S. (2013b). The predictive validity of implicit
measures of selfetermined motivation across heatdtated behaviour®ritish Journal
of Health Psychology,8l 2-17. doi: 10.1111/j.2048287.2011.02063.x

Klapp, A. (2015). Does grading affect educational attainment? A longitudinal #&tssyssment
in Education: Principles, Policy & Practice, 2302323. doi:
10.1080/0969594X.2014.988121

Krishna, A., & StrackF. (2017). Reflection and impulse as determinants of human behavior
Knowledge and actio(pp. 145167): Springer.

Krumm, S., Ziegler, M., & Buehner, M. (2008). Reasoning and working memory as predictors of
school graded.earning and Individual Differensg 18§ 248257. doi:
10.1016/j.lindif.2007.08.002

Kruschke, J. K., & Liddell, T. M. (2017). The Bayesian New Statistics: Hypothesis testing,
estimation, metanalysis, and power analysis from a Bayesian perspePsyehon Bull
Rev doi: 10.3758/s13420616-1221-4

Kuhl, J., Quirin, M., & Koole, S. L. (2015). Being Someone: The Integrated Self as a
Neuropsychological SysterBocial and Personality Psychology Compas4,1%-132.
doi: 10.1111/spc3.12162

Kusurkar, A. R., Ten Cate, J. T., Vos, M. C., Westers&Froiset, G. (2013). How Motivation
Affects Academic Performance: A Structural Equation Modelling Analysisances in
Health Sciences Education,,18/-69. doi: 10.1007/s10450912-9354-3

Lazowski, R. A., & Hulleman, C. S. (2016). Motivation Intervens in Education A Meta
Analytic Review.Review of Educational Research, 862640. doi:

10.3102/0034654315617832



188

Lee, K., Ning, F., & Goh, H. C. (2013). Interaction between cognitive andcognitive factors:
the influences of academic goal orientatamd working memory on mathematical
performanceEducational Psychologyl-19. doi: 10.1080/01443410.2013.836158

Lee, W., Reeve, J. M., Xue, Y., & Xiong, J. (2012). Neural differences between intrinsic reasons
for doing versus extrinsic reasons for doiAg:fMRI study.Neuroscience Research,,73
68-72. doi: 10.1016/j.neures.2012.02.010

Lehto, J. (1995). Working memory and school achievement in the ninth Eoluicational
Psychology, 15271-281. doi: 10.1080/0144341950150304

Lepper, M. R. (1981)ntrinsic and extrinsic motivation in children: Detrimental effects of
superfluous social control®aper presented at the Aspects of the development of
competence: The Minnesota symposia on child psychology, Minesota, USA.

Lepper, M. R., Greene, D., & Nisbett, R. (1973). Undermining children’s intrinsic interest
with extrinsic reward: A test of the" overjustification" hypothed@uirnal of Personality
and Social Psychology, 2829. doi: 10.1037/h0035519

Levesque, C., & Brown, K. W. (2007). Mindfulness as alerator of the effect of implicit
motivational seHconcept on dayo-day behavioral motivatioMotivation and Emotion,
31, 284-299. doi: 10.1007/s1103107-90758

Levesque, C., Copeland, K. J., & Sutcliffe, R. A. (2008). Conscious and nonconsciousgsnces
Implications for seldetermination theoryCanadian Psychology/Psychologie
canadienne, 42218224. doi: 10.1037/a0012756

Lévesque, C., & Pelletier, L. G. (200®)n the investigation of primed and chronic autonomous
and heteronomous motivational emtationsPersonality and Social Psychology Bulletin,

29, 15701584. doi: 10.1177/0146167203256877



189

Levesque, C., Zuehlke, A. N., Stanek, L. R., & Ryan, R. M. (2004). Autonomy and competence
in german and american university students: A comparative sasgyllon self
determination theorylournal of Educational Psychology, ,9%8. doi: 10.1037/0022
0663.96.1.68

Litalien, D., Morin, A. J., Gagné, M., Vallerand, R. J., Losier, G. F., & Ryan, R. M. (2017).
Evidence of a continuum structure of academicdelrmination: a twestudy test using
a bifactoresem representation of academic motivatidontemporary Educational
Psychology, 5167-82. doi: 10.1016/j.cedpsych.2017.06.010

Locke, E. A. (2009). It's time we brought introspection out of the clBsespe&tives on
Psychological Science(H), 2425. doi: 10.1111/}.1745924.2009.01090.x

McConnell, A. R., Rydell, R. J., Strain, L. M., & Mackie, D. M. (2008)rming implicit and
explicit attitudes toward individuals: Social group association deesnal d
Personality and Social Psychology,, 992807. doi: 10.1037/00223514.94.5.792

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex funcéionual
review of neuroscience, 2467202. doi: 10.1146/annurev.neuro.24.1.167

Molden, D. C. (2014). Understanding priming effects in social psychology: What is "social
priming” and how does it occur? In D. C. Molden (Edngderstanding priming effects in
social psychologypp. 311). New York: Guildford Press.

Moreau, E., & Mageau, Q\. (2012). The importance of perceived autonomy support for the
psychological health and work satisfaction of health professionals: Not only supervisors
count, colleagues todlotivation and Emotion, 36@68286. doi: 10.1007/s1103111-

92509



190

Murayama, K, Matsumoto, M., Izuma, K., Sugiura, A., Ryan, R. M., Deci, E. L., & Matsumoto,
K. (2013). How sekdetermined choice facilitates performance: A key role of the
ventromedial prefrontal corte€erebral Cortex, 2512411251. doi:
10.1093/cercor/bht317

Nelson, L. D., Simmons, J., & Simonsohn, U. (2018). Psychology's renaispamesl Review
of Psychology, §%611534. doi: 10.1146/annurgysych122216011836

Neys, W. D. (2006). Dual processing in reasoning: Two systems but one re&sycénl Sci,

17, 428-433. doi: 10.1111/].1469280.2006.01723.x

Nosek, B. A., Hawkins, C. B., & Frazier, R. S. (201plicit social cognition: from measures
to mechanismsI'Rends in Cognitive science,, 1%2159. doi:
10.1016/j.tics.2011.01.005

Olson, K. R., & Dunham, Y(2010). The development of implicit social cognition. In B.
Gawronski & B. K. Payne (EdsHlandbook of implicit social cognition: Measurement,
theory, and applicationp. 241254). New York: Guilford Press.

Ortells, J. J., Noguera, C., Alvarez, D., Carmona, E., & Houghton, G. (2016). Individual
differences in working memory capacity modulates semantic negative priming from
single prime wordg-rontiers in Psychology,.®oi: 10.3389/fpsyg.2016.01286

Owens, M, Stevenson, J., Norgate, R., & Hadwin, J. A. (2008). Processing efficiency theory in
children: Working memory as a mediator between trait anxiety and academic
performanceAnxiety, Stress, & Coping, 2417430. doi: 10.1080/10615800701847823

Perugini, M.(2005). Predictive models of implicit and explicit attitud@stish Journal of

Social Psychology, 42945. doi: 10.1348/014466604X23491



191

Radel, R. (2009).'inconscient motivationnel et sa place dans la théorie de I'autodétermination.
(Ph.D.), Univerg# JosepHrournier, Grenoble.

Radel, R., Pelletier, L. G., Sarrazin, P., & Milyavskaya, M. (2011). Restoration process of the
need for autonomy: the early alarm stafyppirnal of Personality and Social Psychology,
101, 919934. doi: 10.1037/a0025196

Rackl, R., Sarrazin, P., Jehu, M., & Pelletier, L. G. (2013). Priming motivation through
unattended speechBritish Journal of Social Psychology, 5263 772. doi:
10.1111/bjs0.12030

Radel, R., Sarrazin, P., Legrain, P., & Gobancé, L. (2009). Subliminalhgriohimotivational
orientation in educational settings: Effect on academic performance moderated by
mindfulnessJ Res Pers, 4395698. doi: 10.1016/j.jrp.2009.02.011

Radel, R., Sarrazin, P., & Pelletier, L. G. (20@)idence of subliminally primed migational
orientations: The effects of unconscious motivational processes on the performance of a
new motor taskJournal of Sport & Exercise Psychology, 867#674. doi:
10.1123/jsep.31.5.657

Rastle, K., Harrington, J., & Coltheart, M. (2002). 358,53dwmrds: The ARC nonword
databaseThe Quarterly Journal of Experimental Psychology: Section A15591362.
doi: 10.1080/02724980244000099

Ratelle, C. F., Baldwin, M. W., & Vallerand, R. J. (2005). On the cued activation of situational
motivation.Journd of Experimental Social Psychology,,48B2487. doi:

10.1016/j.jesp.2004.10.001



192

Ratelle, C. F., Guay, F., Vallerand, R. J., Larose, S., & Senecal, C. (2007). Autonomous,
controlled, and amotivated types of academic motivation: A peygented analysis.
Journal of Educational Psychology, ,9884746. doi: 10.1037/0020663.99.4.734

Reeve, J., Vansteenkiste, M., Assor, A., Ahmad, I., Cheon, S. H., Jang, H., . . . Wang, C. J.
(2014). The beliefs that underlie autonesupportive and controlling teaching: A
multinational investigationMotivation and Emotion, 38®3-110. doi: 10.1007/s11031
01393670

Richardson, M., Abraham, C., & Bond, R. (2012). Psychological correlates of university
students' academic performance: A systematic review andanelgsis Psychological
Bulletin, 138 353387. doi: 10.1037/a0026838

Rohde, T. E., & Thompson, L. A. (2007). Predicting academic achievement with cognitive
ability. Intelligence, 3583-92. doi: 10.1016/].intell.2006.05.004

Ryan, R. M., & Connell, J. P. (198%ereived locus of causality and internalization:
Examining reasons for acting in two domaidsurnal of Personality and Social
Psychology, 57749. doi: 10.1037//0023514.57.5.749

Ryan, R. M., & Deci, E. L. (2002). Overview of selétermination theory: Anrganismie
dialectical perspective. In E. L. Deci & R. M. Ryan (Eddandbook of self
determination researcfpp. 333). Rochester, NY: University of Rochester Press.

Ryan, R. M., & Deci, E. L. (2017%eltdetermination theory: Basic psychological ne&ds
motivation, development, and wellneNew York: The Guildford Press.

Rydell, R. J., & McConnell, A. R. (2006). Understanding implicit and explicit attitude change: a
systems of reasoning analyslsurnal of Personality and Social Psychology, 995.

doi: 10.1037/002:3514.91.6.995



193

Shoda, T. M., McConnell, A. R., & Rydell, R. J. (2014). Implicit Consistency Processes in
Soci al Cognition: Explicit | mpli cSotial Di scr e
and Personality Psychology Compass]185146. doi: 10.1111/spc3.12090

Simmons J. P., Nelson, L. D., & Simonsohn, U. (2011). F&esitive Psychology:Undisclosed
Flexibility in Data Collection and Analysis Allows Presenting Anything as Significant.
Psychol Sci, 241), 13591366. doi: 10.1177/0956797611417632

Simmons, J. P., NelsgoL. D., & Simonsohn, U. (2018). Falpesitive citationsPerspectives on
Psychological Science, 1355259. doi: 10.1177/1745691617698146

Soenens, B., & Vansteenkiste, M. (2005). Antecedents and outcomesastsethination in 3
life domains: The ra@ of parents' and teachers' autonomy supgpout.nal of Youth and
Adolescence, 34893604. doi: 10.1007/s1096305-8948y

St ClairThompson, H. L., & Gathercole, S. E. (2006). Executive functions and achievements in
school: Shifting, updating, inhibitigrand working memorylhe Quarterly Journal of
Experimental Psychology, 5945759. doi: 10.1080/17470210500162854

Strack, F., & Deutsch, R. (2004). Reflective and impulsive determinants of social behavior.
Personality and Social Psychology Revien283247. doi:
10.1207/s15327957pspr0803 1

Strenze, T. (2007). Intelligence and socioeconomic success: Aamaitgic review of
longitudinal researchntelligence, 35401-426. doi: 10.1016/j.intell.2006.09.004

Swanson, H. L., & Alloway, T. P. (2012)Vorking memory, learning, and academic
achievement. In K. R. Harris, S. Graham & T. Urdan (E44$2A Educational
Psychology Handbook: Vol. 1. Theories, Constructs, and Critical I$ppe827366).

American Psychological Association Press: Washington, DC, US.



194

Taylor, G., Jungert, T., Mageau, G. A., Schattke, K., Dedic, H., Rosenfield, S., & Koestner, R.
(2014). A selfdetermination theory approach to predicting school achievement over
time: the unique role of intrinsic motivatioGontemporary Educational Psyalogy, 39
342-358. doi: 10.1016/j.cedpsych.2014.08.002

Thush, C., Wiers, R. W., Ames, S. L., Grenard, J. L., Sussman, S., & Stacy, A. W. (2008).
Interactions between implicit and explicit cognition and working memory capacity in the
prediction of alcoholise in atrisk adolescentrug & Alcohol Dependence, 9416
124. doi: 10.1016/j.drugalcdep.2007.10.019

Turcotte, M. (2011)Women and EducatioiMinister responsible for Statistics Canada.

Vallerand, R. J., & Bissonnette, R. (199R)rinsic, extrinsic and amotivational styles as
predictors of behavior: A prospective studgurnal of Personality, 63699620. doi:
10.1111/.14676494.1992.tb00922.x

Vallerand, R. J., Blais, M. R., Lacouture, Y., & Deci, E. L. (198Fchelle des Orientations
Générats a la Causalité: Validation canadienne francaise du General Causality
Orientations Scalé€Canadian Journal of Behavioural Science/Revue canadienne des
sciences du comportement (19 1.

Vallerand, R. J., Pelletier, L. G., Blais, M. R., Briére, N. Mené&cal, C., & Vallieres, E. F.
(1992).The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation
in educationEducational and Psychological Measurement, B2031017. doi:
10.1177/0013164492052004025

Vansteenkiste, M., Simons, lens, W., Sheldon, K. M., & Deci, E. L. (2004). Motivating

learning, performance, and persistence: The synergistic effects of intrinsic goal contents



195

and autonomgupportive contextslournal of Personality and Social Psychology, 87
246-260. doi: 10.10300223514.87.2.246

Vecchione, M., Alessandri, G., & Marsicano, G. (2014). Academic motivation predicts
educational attainment: Does gender make a differdneghing and Individual
Differences, 32124131. doi: 10.1016/j.lindif.2014.01.003

Weiner, B. (B90). History of motivational research in educatidournal of Educational
Psychology, 82616. doi: 0.1037/0020663.82.4.616

Weinstein, N., Przybylski, A. K., & Ryan, R. M. (2013). The integrative process new research
and future direction€urrent Directions in Psychological Science,, B9-74. doi:
10.1177/0963721412468001

Wentzel, K., & Wigdfield, A. (2009)Handbook of motivation at schodew York: Routledge.

Wilson, T. D. (2003). Knowing when to ask: Introspection and the adaptive unconscious.
Joumal of Consciousness Studies(%Q0), 13%140.

Wilson, T. D., & Brekke, N. (1994). Mental contamination and mental correction: unwanted

influences on judgments and evaluatidsychological Bulletin, 11@), 117.



Appendices

196

Appendix A: Explicit self-reported measure of academic motivation
This scale was used study landstudy 2

Indicate the extent to which each of the following items presently corresponds to one of the
reasons Wy you study at the university.
| study at the university because.

1 2 3 4

6 7

Not at all Very
for this  slightly for

Slightly for
this reason

Moderately  Strongly
for this for this

Very
strongly  Totally for
for this this reason

reason this reason reason reason

reason

1)
2)
3)
4)
5)
6)
7)
8)
9)

Because | truly love it

In order not feel asharde

It is part of who | am as a person
Somebody is putting pressure on me
| feel that it is important for me

| do it, but it is not motivating

| want to be rewarded

It is intrinsically satisfying

Otherwise, | would feel guilty

10)It clearly defines me as a pers

11)I1 feel that others are pushing me to do it

12)In order to pursue goals that are important to me
13)I do it, without really knowing why | continue

14)1 do it, but for no reason

15)It allows me to obtain something in return

Amotivation External Introjected Identified

regulation regulation regulation

Integrated Intrinsic
regulation regulation

61 1371 14 471 11 219 571 12

37 10 1718
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Appendix B: Lexical decision task forstudy land 2

Study 1 list of stimuli

Non-Words Words
Neutral words Motivationalwords

1 Vonk Kowe Chair Enjoying

2 Trewf Oque Table Freely

3 Fiese Qawr Spoon Satisfied

4 Seeta Lyet Screen Volunteer

5 Hinys Poite Apple Autonomous

6 Dama Thuof Pencil Rewarded

7 Bulti Dife Glass Pressured

8 Yotri Kutt Window Controlled

9 Ganw Voos Book Constrained
10 Brisa Vonf Mouse Proving

Study 2 list of stimuli
Nonwords Words
Neutral Autonomous  Controlled
words words words

1 blanked cryshed bicts age absorbed acceptance
2 bophts cwonzed  Dbloiled agent achieve anxious

3 borpes dribes chautts apple autonomous appreciated
4 brambed fampced  chopths behind beliefs approval

5 bylbed freiggs dooffth beyond beneficial ashamed
6 claufth ghavs dweked book challenge avoiding

7 cleinth ghergs fleeggs cable competence competitive
8 cluves ghlisks ghirnds chair competent comply

9 cwoves ghwefes glyfs cloth curiosity compulsory
10 deacked gived greuths color delighted constrained
11 doabs gwemms gweuved crowd development  controlled
12 durphth gwetes gwylphs deer discovering criticized
13 gealts gworps hyped drain engaged demanded
14 ghenged kricts jeucks drum enjoy duty
15 ghyfs meged jourbed duck enjoyable embarrassed
16 ghylps pasps leems fear enjoying envied
17 gwaunts piphths oanths fish enjoyment evaluated
18 hulns pleebs peumns five exciting expected
19 hursts psysks pheezed four fascinating forced
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

keimbed
koabbs
kruffth
kweakes
kwulsed
ligged
nanked
Noovvs
nygued
phelcks
phlylns
plorbes
quavved
rhamed
sheefed
shigs
sipsed
skwuls
shalmed
squeds
stansed
stauths
suls
swuymed
swylned
wherbed
whunced

puippth phoppth
raughns pirns
ryppth pournts
sheibed powdged
shythed psorged
skeelds gueles
skrirls raimbth
skwyggs rhirls
slirved rulphed
sonksed scilcs
sproved  scymmth
starnts skwigs
stroats smeged
talsed smeicks
threuds storsts
tinched stuvs
trynged sumth
vawmth swaipps
voffth sweags
wescks  swemms
yaged tryvs
yeammed tyves
yinzed webed
yirthed  whumbed
zambs yencked
zoakked yimms
zulced zelbs

future
glass
monkey
mouse
mouth
orange
over
pencil
pipes
plant
puzzzle
screen
seed
shark
signal
snake
spoon
state
strong
sugar
table
time
total
warm
weak
window
world

flow
freedom
fun
growth
happy
identity
immersed
important
integral
interested
Interesting
involved
joy
like
love
mastering
meaningful
pleasure
satisfied
spontaneous
stimulating
thrill
usefulness
values
volunteering
wellbeing
worthwhile

guilty
Impress
incapable
must
necessitate
obliged
pointless
praise
presured
prestigious
privileges
proving
punished
recognition
recognized
reprimand
reputation
required
respected
responsible
restricted
rewards
rule
shame
should
supposed
wasting

Nonwords were generated in ARC nonword dataljRsestle, Harrington, & Coltheart, 2002
46 autonomous and 46 controlled words were administered.
In GREY are the theoreticallselected words, as described in the method sectistudy 2
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Appendix C: The math anxiety scalgstudy3)
The abbreviated math anxiety scédMAS; Hopko, Mahaevan, Bare, & Hunt, 2003

Please rate each item below in terms of how anxious you would feel during the event specified

1 2 3 4 5
Low anxiety Some anxiety Modgrate Quite é bit of High anxiety
anxiety anxiety
1. Having to use the tables in the back ohathematics book.
2. Thinking about an upcoming mathematics test one day before.
3. Watching a teacher work an algebraic equation on the blackboard.
4. Taking an examination in a mathematics course.
5. Being given a homework assignment of many difficult problemshwisiclue the next class
meeting.
6. Listening to a lecture in mathematics class.
7. Listening to another student explain a mathematics formula.
8. Being give a pop quiz in a mathematics class.
9. Starting a new chapter in a mathematics book.
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Appendix D: Explicit self-reported measureof motivation for learning new knowledge
This scale was used study 3

The context of todaydés study

During your time with us you will go through a virtual class where you will be taught new
knowledge as you would in a regular universitass.

Indicate the extent to which each of the following items corresponds to one of the reasons why
you participate in learning activities in which you are exposed to new setatdd material.

| invest myself in learninghew materialbecause...

1 2 3 4 5 6 7

Very
Noratall . reY. lightly for MOUSrAEly  SUORTY gyongly  Totally for

for this slightly for ; ? X
ghtly this reason for this this reason
reason this reason reason reason reason

1) Because | truly love it

2) In order not feel ashamed

3) Itis part of who | am as a person

4) Somebody is putting pressure on me

5) I feel that it is important for me

6) |do it, but it is not motivating

7) 1 want to be rewarded

8) Itis intrinsically satisfying

9) Otherwise, | would feel guilty

10)It clearly defines me as a person

11)I1 feel that others are pushing me to do it
12)In order to pursue goals that are important to me
13)1 do it, without really knowing why | continue
14)I do it, but for no reason

15)It allows me to obtain something in return

Amotivation  External Introjected Identified Integrated Intrinsic
regulation regulation regulation regulation regulation
61 137 14 47 11 219 51 12 37110 17 8
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Appendix E: All of experimental material for study 3

List of experimental material for the learning situation

Lexical decisiortask list of stimuli + prime stimuli of AM and CM

Course plan provided at the beginning

POWERPOINT presentation of the learning situation on modular arithmetic
Supplemental reading provided at the end of the learning situation

Exam with correct answers

= =4 =4 A A

Lexical decision task list of stimuli + prime stimuli of AM and CM

Neutral words Nonwords
age beyond blanked freiggs
agent book bophts ghavs
apple cable borpes ghergs
behind chair brambed  ghlisks
beyond cloth bylbed ghwefes
book color claufth gived
cable crowd cleinth gwemms
chair deer cluves gwetes
cloth drain cwoves gworps
color drum deacked kricts
crowd duck doabs meged
deer fear durphth pasps
drain fish gealts piphths
drum five ghenged pleebs
duck four ghyfs psysks
fear future ghylps puippth
fish glass gwaunts raughns
five monkey hulns ryppth
four mouse hursts sheibed
future mouth keimbed shythed
glass orange koabbs skeelds
monkey over kruffth skrirls
mouse pencil kweakes skwyggs
mouth pipes kwulsed slirved
orange plant ligged sanksed

over puzzzle nanked sproved



pencil
pipes
plant
puzzzle
screen
seed
shark
signal
shake
spoon
state
strong
sugar
table
time
total
warm
weak
window
world
age
agent

apple
behind

screen
seed
shark
signal
shake
spoon
state
strong
sugar
table
time
total
warm
weak
window
world
duck
fear
fish

five
four
future
glass
monkey

NOOVVS
nygued
phelcks
phlylns
plorbes
quavved
rhamed
sheded
shigs
sipsed
skwuls
shalmed
squeds
stansed
stauths
suls
swuymed
swylned
wherbed
whunced
cryshed
cwonzed
dribes
fampced

starnts
stroats
talsed
threuds
tinched
trynged
vawmth
voffth
wescks
yaged
yeammed
yinzed
yirthed
zambs
zoakked
zulced
bicts
bloiled
chautts
chopths
dooffth
dweked
fleeggs
ghirnds

Autonomous prime Controlled prime

Neutral prime

achieve
autonomous
enjoy
freedom
love
pleasure
important
meaningful

anxious
appreciated
approval
ashamed
controlled
expected
forced
pressured

color
duck
four
mouth
screen
sugar
window
puzde
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At each presentation of a word or a neard a random PRIME word wasesented from on the

prime list, according to the experimental group randomization.
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Course plan provided at the beginnirgf the learning situation

Today’s schedule

During the whole experiment you are not allowed to leave the room or talk with the other participants.
Here is how the next 2-hours will unfold...

1. Consent form and short questionnaire (10min)

2. You will perform different tasks on the computer
2.1. Memory task (=18min)
2.2. Memory task (=13min)
2.3. Reaction time task (=5min)
2.4, Learning task (~20mimn)
2.4.1. You can use the notepad for this task

3. Wait until the exam starts at 10 AM
3.1. Follow the instructions in the BLACK window during your wait.

4. A short bathroom break will take place just before the exam

Information for the exam

The exam will be paper-pencil and will be performed at your desk. The exam will have different types of
question (multiple choices, true or false, short answers and comprehension questions). The exam will have
questions on the class PowerPoint, the class exercises and on the supplemental reading.

You will have 20-minutes to complete the exam.

Follow the mnstructions in the BLACK window for accessing the class material
o POWERPOINT presentation
o Supplemental reading: Article on modular arithimetic called Fun with modular arithmetic.

e Extra online exercises
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POWERPOINT presentation of the learning situation on modular arithmetic

Welcome in class!

Today you will learn about
MODULAR ARITHMETIC...

The class will take about 20 minutes
to complete.

After the class you will have some
time for yourself until 10am.

At 10am you will have to complete
an exam on MODULAR ARITHMETIC

Welcome in class!

During the class you can take notes
in the provided notepad

Please WRITE your ISPR number on
the first page of the notepad

Also you are free to go at your own
pace while learning about MODULAR
ARITHMETIC

Don’t forget that the exam starts at
10am... so be ready ©
TR




Today we will learn about
MODULAR ARITHMETIC

v Whatis it ?
v When do we use it ?

v How do we solve these
equations?

v Examples/exercises
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What is modular arithmetic?

In mathematics, modular arithmetic is a system of arithmetic for
integers, where numbers "wrap around" upon reaching a certain
value—the modulus (plural moduli). The modern approach to modular
arithmetic was developed by Carl Friedrich Gauss in his book
Disquisitiones Arithmeticae, published in 1801. Modular arithmetic is a
method for finding remainders where all the possible numbers (the
numbers less than the divisor) are put in a circle, and then by counting
around the circle the number of times of the number being divided, the

remainder will be the final number landed on.
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When do we use modular arithmetic ?

The truth is that modular arithmetic should be in our mental toolbox
next to addition and multiplication. We do this intuitively, but it’s nice to
give it a name. The sneaky thing about modular math is that we've
already been using it for keeping time — sometimes called “clock
arithmetic”. Using clocks as an analogy, we can figure out whether the

rules of modular arithmetic “just work” (they do).

How?

When we divide two integers we will have an equation that look like the following:

% = () remainder R

A is the dividend
B is the divisor

Q is the quotient
R is the remainder

Sometimes, we are only interested in what the remainder is when we divide A by B.
For these cases there is an operator called the modulo operator

(abbreviated as mod).
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How?

% = @) remainder R

A is the dividend
B is the divisor

Q is the quotient
R is the remainder

Using the same A, B, Q, and R as above, we would have: Amod B =R. We
would say this as A modulo B is congruent to R. Where B is referred to as the

modulus. For example:

3
3 = 2 remainder 3

13moci5=3

Visualize modulus with clocks

Observe what happens when we increment numbers by one and then divide them by 3.

= 0 remainder 0 )
= 1 remainder 1

= 0 remainder 1 )
= 1 remainder 2

= 0 remainder 2
= 2 remainder 0

W| W ot

= 1 remainder 0

wlww|lpw|l+=wl o

The remainders start at 0 and increases by 1 each time, until the number reaches one less
than the number we are dividing by. After that, the sequence repeats

By noticing this, we can visualize the modulo by using circles...
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We write O at the top of a circle and continuing clockwise writing integers 1, 2, ... up to one less
than the modulus.

For example, a clock with the 12 replaced by a 0 would be the circle for a modulus of 12.

To find the result of A mod B we can follow these steps:
1. Construct this clock for size B

2. Start at 0 and move around the clock A steps

3. Wherever we land is our solution.

(If the number is positive we step clockwise, if it's negative we step counter-clockwise.)

Examples

8 mod 4=7?

With a modulus of 4 we make a clock with numbers 0, 1, 2, 3.
We start at 0 and go through 8 numbers in a clockwise sequence 1, 2, 3, 0, 1,
2,3,0.

We ended up at0 so 8 mod4 = 0.
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Examples

7/ mod 2=7?

With a modulus of 2 we make a clock with numbers 0, 1.
We start at 0 and go through 7 numbers in a clockwise sequence 1, 0, 1, 0,
1,0, 1

Weended upat1so7mod2=1.

Examples

Let's say two times look the same on our clock (“2:00” and “14.:00”). If we
add the same “x” hours to both, what happens? Well, they change to the
same amount on the clock! 2:00 + 5 hours = 14:00 + 5 hours — both will
show 7:00. Why? Well, we never cared about the excess “12:00” that the 14
was carrying around. We can just add 5 to the 2 remainder that both have,
and they advance the same. For all congruent numbers (2 and 14), adding

and subtracting has the same result.




Now, let’s do some little
exercises to make sure you
understand how modular
arithmetic works.

If you are ready, press the
SPACEBAR!
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Congratulations!

You have done the first part of
the modular arithmetic
exercices. That wasn’t so bad ?

Now let’s learn another way to
solve these equations.

Are you ready ?

Press the spacebar.
TNy




Congratulations!

The class is done...

Press SPACEBAR to continue
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During the wait you will have
access to the class material

1. The powerpoint of the class

2. A supplemental reading

3. More exercises for solving
modular arithmetic

To access the extra material follow
the instructions in the BLACK
window




The exam will have
question on...

* The class
- Different equations to solve
* The supplemental reading (.pdf)

Press SPACEBAR to continue
R
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The exam will start at
10am

Press Q (quit) to exit
Follow the instruction in the
black WINDOW
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Supplemental reading provided at the end of the learning situation

Fun With Modular Arithmetic

A reader recently suggested | write about modular arithmetic (aka “taking the remainder™). | hadn’t
given it much thought, but realized the modulo is extremely powerful: it should be in our mental
toolbox next to addition and multiplication.

Instead of hitting you in the face with formulas, let’s explore an idea we’ve been subtly exposed to
for years.

Odd, Even and Threeven
Shortly after discovering whole numbers (1, 2, 3.4, 5...) we realized they fall into two groups:

« Even: divisible by 2 (0, 2,4, 6..)
« 0Odd: not divisible by 2(1, 3,5,7...)

Why's this distinction important? It’s the beginning of abstraction — we're noticing
the properties of a number (like being even or odd) and not just the number itself (“377).

This is huge — it lets us explore math at a deeper level and find relationships between fypes of
numbers, not specific ones. For example, we can make rules like this:

+ Even x Even = Even

« 0Oddx Odd = Odd

» Even x Odd = Even
These rules are general — they work at the property level. (Intuitively, | have a chemical
analogy that “evenness” is a molecule some numbers have, and cannot be removed by
multiplication.)

But even/odd is a very specific property: division by 2. What about the number 3?7 How about this:

s  “Threeven” means a number is divisbile by 3 (0, 3,6, 9...)
“Throdd™ means you are not divisible by 3 (1,2, 4, 5,7, 8...)

Weird, but workable. You’ll notice a few things: there’s two types of throdd. A number like “4™ is
I away from being threeven (remainder 1), while the number 5 is two away (remainder 2).

Being “threeven™ is just another property of a number. Perhaps not as immediately useful as
even/odd, but it’s there: we can make rules like “threeven x threeven = threeven™ and so on.

But it’s getting crazy. We can’t make new words all the time.
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Enter the Modulo
The modulo operation (abbreviated “mod”, or “%” in many programming languages) is the
remainder when dividing. For example, 5 mod 3 = 2" which means 2 is the remainder when you

divide 5 by 3.

Converting everyday terms to math, an “even number” is one where it’s “00 mod 2 — that is, it has
a remainder of 0 when divided by 2. An odd number is “1 mod 2™ (has remainder 1).

Why's this cool? Well, our “odd/even” rules become this:
» Evenx Even=0x0=0[even]
¢« OddxOdd=1x1=1 [odd]
« EvenxOdd=0x1=0[even]

Cool, huh? Pretty easy to work out — we converted “properties™ into actual equations and found
some new facts.

What’s even x even x odd x odd? Well, it's 0 x 0 x 1 x 1 = 0. In fact, you can see if there’s an even
being multiplied anywhere the entire result is going to be zero... I mean even :).

Clock Math

The sneaky thing about modular math is we’ve already been using it for keeping time — sometimes
called “clock arithmetic™.

For example: it’s 7:00 (am/pm doesn’t matter). Where will the hour hand be in 7 hours?

Hrm. 7 + 7 = 14, but we can’t show “14:00” on a clock. So it must be 2. We do this reasoning
intuitively, and in math terms:

o (7T+7)mod 12 =(14) mod 12 =2 mod 12 [2 is the remainder when 14 is divided by 12]

The equation “14 mod 12 = 2 mod 12" means, “14 o’clock™ and “2 o’clock™ look the same on a 12-
hour clock. They are congruent, indicated by a triple-equals sign: 14 =2 mod 12.

Another example: it’s 8:00. Where will the big hand be in 25 hours?

Instead of adding 25 to 8, you might realize that 25 hours is just “1 day + 1 hour™. So, the clock
will end up 1 hour ahead, at 9:00.

e (8+25)mod 12=(8)mod 12 + (25)ymod 12 =(8) mod 12 + (1) mod 12=9 mod 12

You intuitively converted 25 to 1, and added that to 8.
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Fun Property: Math just works
Addition/Subtraction

L]

Let’s say two times look the same on our clock (“2:00™ and “14:00"). If we add the same “x
to both, what happens?

hours

Well, they change to the same amount on the clock! 2:00 + 5 hours = 14:00 + 5 hours — both will
show 7:00.

Why? Well, we never cared about the excess “12:00” that the 14 was carrying around. We can just
add 5 to the 2 remainder that both have, and they advance the same. For all congruent numbers (2
and [4), adding and subtracting has the same result.

Uses Of Modular Arithmnetic
Now the fun part — why is modular arithmetic useful?

Simple time calculations

We do this intuitively, but it’s nice to give it a name. You have a flight arriving at 3pm. It’s getting
delayed 14 hours. What time will it land?

Well, 14 =2 mod 12. So I think of it as 2 hours and an am/pm switch”, so [ know it will be *3 + 2
= Sam”.

This is a bit more involved than a plain modulo operator, but the principle is the same.
Putting Items In Random Groups

Suppose you have people who bought movie tickets, with a confirmation number. You want to
divide them into 2 groups.

What do you do? “Odds over here, evens over there”. You don’t need to know how many tickets
were issued (first half, second half), everyone can figure out their group instantly (without
contacting a central authority), and the scheme works as more people buy tickets.

Need 3 groups? Divide by 3 and take the remainder (aka mod 3). You'll have groups “0”, 1" and
|.|23“

In programming, taking the modulo is how you can fit items into a hash table: if your table has N
entries, convert the item key to a number, do mod N, and put the item in that bucket (perhaps
keeping a linked list there). As your hash table grows in size, you can recompute the modulo for the
keys.
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Picking A Random Item

[ use the modulo in real life. Really. We have 4 people playing a game and need to pick someone to
go first. Play the mod N mini-game! Give people numbers 0, 1, 2, and 3.

Now everyone goes “one, two, three, shoot!” and puts out a random number of fingers. Add them
up and divide by 4 — whoever gets the remainder exactly goes first. (For example: if the sum of
fingers is 11, whoever had 3™ gets to go first, since 11 mod 4 = 3).

It’s fast and it works.
Running Tasks On A Cycle
Suppose tasks need to happen on a certain schedule:

« Task A runs 3x/hour
» Task B runs 6x/hour
« Task C runs 1x/hour

How do you store this information and make a schedule? One way:

« Have a timer running every minute (keep track of the minute as “n™)

« 3x/hour means once every 60/3 = 20 minutes. So task A runs whenever “n % 20==0"
» Task B runs whenever “n % 10 == 0"

» Task C runs whenever “n % 60 ==0"

Oh, you need task C1 which runs 1x per hour, but not the same time as task C? Sure, have it run
when “n mod 60 == 17 (still once per hour, but not the same as C1).

Mentally I see a cycle I want to “hit” at various intervals, so I insert a mod. The neat thing is that
the hits can overlap independently. It's a bit like XOR in that regard (each XOR can be layered —
but that’s another article!).

Similarly, when programming you can print every 100th log item by doing: if (n % 100 =10){
print... }.

It's a very flexible, simple way to have items run on a schedule. In fact, it’s the way to answer
the FizzBuzz sanity check. If you don’t have the modulo operation in your batbelt the question
becomes much more tricky.




Exam with correct answers
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Moeodular arithmetic — Final Exam

ISPR number:

MULTIPLE CHOICE (1 point per question)

1. The modem approach to modular arithmetic was developed by:
a) Isaac Newton
b} Carl Friedrich Gauss
¢) Leonard Fuler
d) Arthur Dedekind

2. Inwhich year did the developer of modular arithmetic publish his book on this new approach to

arithmetic?
a) 1901
b) 1810
c) 1801
d) 1910

3. What is the plural of “modulus™?
a) Moduli
b) Modula

) Moduluses
d) Modulus (there is no plural)

4. What are we interested in when doing modular arithmetic?
a) The dividend
b) The divisor
¢) The remainder
d) The quotient

5. Omnaclock, 0 coincides with. ..
a 0
b 12
c) 36
d) BandC
e) None of these responses

6. What is the symbol vzed in programming language for the modulus operator?
a §

b. %

c. |

d_ *



10.

11.

12.

13.

14.

. It is possible to add and subtract in modular arithmetic.

_TRUE

TRUE or FALSE (1 point per question)

Modular arithmetic i3 sometimes referred to as clock arithmetic.

_TRUE

Modular arithmetic i3 an alternative to division.

_FALSE

For all the incongruent numbers, adding and subtracting have the same results.

_FALSE

180 = 7 (mod 7)
_FALSE

6 = 3 (mod 3)
_TRUE

5 =2 (mod 3)
_TRUE

36 = 12 (mod 7)
_FALSE

8 =5 (mod 3)
_TRUE

0 =3 (mod 5)
_FALSE

7=2 (mod 5)
_TRUE

19 = 12 (mod 7)
_TRUE

16 = 11 (mod 4)
_FALSE

62 =14 (mod 9)
_FALSE
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