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Abstract
Although teachers are recommended to create a stimulating learning environment in which
children can use, perfect, and extend their skills, this is far from easy. In many cases, identifying
the optimal difficulty level of learning tasks involves a trial-and-error process during which
teachers offer children too difficult tasks, with negative outcomes as a result. This experimental
study investigated if autonomy-supportive instructions could dampen or even cancel out these
presumed negative outcomes associated with math difficulty in elementary school children (N
= 479; Mage = 9.41). After varying an autonomy-supportive versus a controlling instructional
style through a comic book, children solved a series of either easy-medium or difficult math
exercises, followed by the completion of questionnaires and the opportunity to choose the
difficulty level of a final set of exercises to work on independently. Children who solved
difficult, relative to easier, exercises reported less interest, more irritation, and more cognitive
disengagement, while also seeking less challenge when asked to work independently. Need-
based experiences of competence and autonomy accounted for these effects. Yet, the impairing
impact of task difficulty could, at least partially, be dampened through the use of an autonomy-
supportive relative to a controlling instructional style, which led to enhanced autonomy
satisfaction. These findings largely occurred independent of children’s motives for
mathematics. The results have high practical value, especially for poor performers and children
with Mathematical Learning Disabilities, who find math to be harder overall. Limitations and
implications for practice are discussed.
Educational Impact and Implications Statement

Autonomy-supportive instructions (e.g., inviting language, meaningful rationale) were
found to dampen the impairing effects of too difficult math tasks on children’s motivational,
cognitive, and affective experiences. This is especially important for poor performers and

children with Mathematical Learning Disabilities, who find math to be harder overall. An



1 autonomy-supportive environment and avoiding too hard learning material may stimulate
2 children to accept new challenges, thereby possibly improving chances for later academic/job

3 SUCCesS.
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Imagine an elementary school child, Anna, in a mathematics class who is asked to solve a series
of exercises. Although her teacher is sincerely concerned with helping Anna in applying,
perfecting, and extending her knowledge and skills, this is not an easy endeavor. Theoretically,
the teacher is encouraged to monitor the child’s learning process as to offer exercises in Anna’s
zone of proximal development ((Moll, 2013; Vygotsky, 1978, 1987). Yet, because different
children develop at a different pace (Claessens, Duncan, & Engel, 2009; Claessens & Engel,
2013), with each of them thus having a different zone of proximal development, the offered
exercises by the teacher will at times be too difficult for some children, while being too easy
for others. Unfortunately, too difficult math exercises may come with a cost, such as decreased
perceived competence and increased emotional and behavioral disengagement (Patall, Hooper,
Vasquez, Pituch, & Steingut, 2018). In addition, research indicates that children's intrinsic
motivation (i.e., pure interest and enjoyment) for mathematics gradually declines throughout
elementary school (Gottfried, Fleming, & Gottfried, 2001; Lepper, Corpus, & lyengar, 2005).
The increasing difficulty in math exercises as elementary school progresses (Ashcraft, Krause,
& Hopko, 2007) may be one of the reasons for this.

Grounded in Self-Determination Theory (SDT; Ryan & Deci, 2017), the first aim of the
present experimental study was to examine the presumed motivational (i.e., reduced
interest/enjoyment), cognitive (i.e. thoughts on disengagement), affective (i.e. irritation) and
behavioral (i.e., reduced challenge seeking) costs associated with offering too difficult tasks to
elementary school children, as well as identifying the mechanisms that can account for these
effects. Second, we sought to examine if an autonomy-supportive, relative to a controlling, style
of introducing difficult exercises would dampen or even cancel out the hypothesized impairing
effects of too difficult tasks. We pursued both aims in the context of mathematics since
mathematics achievement in the first year of elementary school is a key predictor for future

academic and job success (Duncan et al., 2007; Duncan & Magnuson, 2011). Hence, it is critical
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to find effective motivational pathways to not only avoid children losing interest in
mathematics, but also to stimulate them to extend their skills during math development.
The Competence-Relevant Role of Task Difficulty

Despite teachers doing their best in classrooms to offer optimally challenging exercises that
fall within all children’s zone of proximal development, for many of them this will involve a
trial-and-error process through which they need to continuously calibrate their approach. As a
result, children will at certain moments be offered too difficult tasks, which has been found to
relate negatively to individuals’ perceived competence (Patall et al., 2018; Schmierbach,
Chung, Wu, & Kim, 2014). Within SDT, competence represents one of three basic
psychological needs, in addition to autonomy and relatedness (Ryan & Deci, 2017,
Vansteenkiste, Ryan, & Soenens, 2019). When satisfied, children feel capable to meet the
standards and they feel that they could use and extend their skills during task completion. As a
result, positive outcomes such as intrinsic motivation, engagement and well-being are elicited
(\Vansteenkiste & Ryan, 2013). Competence frustration, on the other hand, denotes the presence
of feelings of failure and inadequacy and has been found to robustly and independently predict
maladaptive outcomes, including amotivation (Haerens, Aelterman, Vansteenkiste, Soenens, &
Van Petegem, 2015), help-avoidance (Bartholomew et al.,, 2018), and ill-being
(Vandenkerckhove et al., 2019; Vansteenkiste & Ryan, 2013).

One factor feeding into learners’ competence is the difficulty level of the offered task.
Previous research has found that overly difficult tasks are associated with various negative
consequences, presumably because they elicit feelings of competence frustration. For instance,
at the motivational level, too difficult tasks were found to predict lower goal-setting (Horvath
et al., 2006) and undermine productivity (Goemaere, Beyers, De Muynck, & Vansteenkiste,
2018). Also, on days that science students perceived their class to be more difficult than usual,

they reported more disengagement than usual (Patall et al., 2018). On the affective level, more
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difficult tasks were shown to relate not only to more negative affect, tension (van der Kaap-
Deeder et al., 2016) and self-reported test anxiety (Eunsook, 1999), but also to higher heart rate
and elevated blood pressure (Richter, Baeriswyl, & Roets, 2012).

Finally, on the cognitive level, too difficult tasks may provoke negative thinking, as indexed
through the engagement in negative inner speech or self-talk (Vygotsky, 1987). Preliminary
evidence for this claim comes from an experimental study among tennis players (De Muynck
et al., 2017), in which the provision of normative negative, relative to positive, feedback
produced more negative self-talk (e.g., worrying, thoughts on disengagement). Similarly,
Eunsook (1999) reported students to worry more when filling out a difficult relative to an easier
math test. Thus, the engagement in negative self-talk would represent a strategy to regulate their
thinking and behavior when solving difficult math exercises, albeit a maladaptive one (Dolcos
& Albarracin, 2014).

The Autonomy-Relevant Role of Instructional Style

Given the presumed costs associated with assigning children too difficult exercises, the
question is how these pitfalls can be avoided. One possibility is that teachers are very careful
with how they introduce these exercises. From an SDT perspective, teachers could adopt either
a more autonomy-supportive or a more controlling style to communicate their instruction for
these difficult tasks, thereby impacting upon learners' psychological need for autonomy (Reeve
& Jang, 2006). Autonomy is defined as acting with a sense of volition, psychological freedom,
and authenticity (Ryan & Deci, 2017). Autonomy frustration instead denotes the presence of
pressure and internal conflict, with both the satisfaction and frustration of autonomy carrying
unique predictive power (Van Assche, van der Kaap-Deeder, Audenaert, De Schryver, &
Vansteenkiste, 2018).

Autonomy-supportive teachers build in choices, provide meaningful rationales, validate the

learners' perspective, and use an inviting instead of a pressuring communication style (Reeve,
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2009, 2016). A sense of pressure can be conveyed through the use of forceful language and
demands (e.g., “you should”; Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004) or through
the use of guilt-, anxiety and shame-inducing language (Soenens & Vansteenkiste, 2010;
Vansteenkiste, Simons, Lens, Soenens, & Matos, 2005). Studies show that explaining children
why learning activities are self-relevant by offering a meaningful rationale promotes a greater
willingness to learn and fosters engagement (Jang, 2008; Reeve, Jang, Hardre, & Omura, 2002),
especially if the offer of a rationale is embedded within a more general autonomy-supportive
approach (Steingut, Patall, & Trimble, 2017). Similarly, the provision of choice has shown to
contribute to autonomy satisfaction in children, especially in combination with connecting the
task to students’ personal goals and interests (Assor, Kaplan, & Roth, 2002). Extensive research
has documented the benefits of an autonomy-supportive teaching style for students' engagement
(e.g., Wang et al., 2017), self-regulated learning (e.g., Aelterman et al., 2019), performance
(e.g., Froiland, Davison, & Worrell, 2016) and well-being (e.g., Soenens & VansteenkKiste,
2005).

The present study sought to examine if autonomy-supportive instructions could potentially
buffer the hypothesized negative effects associated with too difficult math exercises.
Autonomy-supportive instructions may play such a role because such instructions alter the
functional significance or attributed meaning to the exercises (Ryan & Deci, 2017), with the
difficult exercises being appraised as more informational and yielding an opportunity for
growth instead of being appraised as evaluative and competence-forestalling. As a result of this
different attributed meaning, autonomy-supportive instructions may help dampen the negative
impact of difficult exercises. Preliminary evidence for this hypothesis was reported by Sierens,
Vansteenkiste, Goossens, Soenens, and Dochy (2009), who found student perceived teacher
autonomy-support to interact with teacher structure in the prediction of self-regulated learning

(see also Curran, Hill, & Niemiec, 2013). Further, in their diary study, Patall and colleagues
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(2018) reported that a perceived autonomy-supportive teaching style minimized the
competence- and engagement-impairing effect if the class was perceived to be more difficult
than usual on a given day. Finally, experimental work by Mabbe and colleagues (2018)
indicates that autonomy-supportive instructions partially buffered (yet did not completely
cancel out) the adverse effects of negative feedback on reduced competence satisfaction and
intrinsic motivation.

The Role of Students’ Motivation for Mathematics

Teachers do not only face the challenge of continuously adjusting the difficulty level of a
task as a function of children’s developing skills, they may also need to take motivational
differences between children into account. Motivational tailoring, which has received limited
attention (Soenens, Vansteenkiste, & Van Petegem, 2015; Vansteenkiste, Aelterman, Haerens,
& Soenens, 2019), requires teachers to search for the most appropriate need-conducive
motivational strategy as a function of different student characteristics, such as motivation (e.g.,
Flunger, Mayer, & Umbach, 2019).

It has been widely documented that the type of motivation that learners display, either being
more autonomous or more controlled in nature, is a robust predictor of their self-regulated
learning, well-being, and performance (Cerasoli, Nicklin, & Ford, 2014; Vansteenkiste, Lens,
& Deci, 2006). When autonomously motivated, children learn math out of interest and curiosity
or because they fully endorse the personal significance of math tasks. In contrast, when
controlled motivated, children experience math tasks as a daunting duty, either because they
feel pressured to meet external demands or because their activity engagement is buttressed with
internal pressures, including feelings of guilt, shame and self-worth (Ryan & Deci, 2000).
Previous research among elementary school children has shown that autonomous, relative to

controlled, motivation predicts greater enjoyment (Ryan & Connell, 1989), higher engagement
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and better performance (De Naeghel, Van Keer, Vansteenkiste, & Rosseel, 2012), a finding that
also holds in the context of math (Baten & Desoete, 2018).

These motivational differences may interact with the difficulty level of the task in predicting
children’s learning and adjustment. For instance, children who are already more controlled
motivated to begin with may be more sensitive for too difficult tasks, which they appraise more
readily as threatening and hard. In contrast, those high in autonomous motivation for math may
appraise difficult tasks as more challenging and be more sensitive for the benefits of autonomy-
supportive instructions. Findings that deal with the interplay between motivational differences
and contextual need-relevant features are mixed to date. For example, experimental studies
among adolescents in the context of physical education (Mouratidis, Vansteenkiste, Sideridis,
& Lens, 2011) and among judo athletes (Delrue, Soenens, Morbée, Vansteenkiste, & Haerens,
2019) indicated that those participants with higher, relative to those with lower, autonomous
motivation derived somewhat more benefits from an autonomy-supportive in comparison with
a controlling approach. Yet, other studies have revealed evidence for a different interaction
pattern, with especially those being low in autonomous motivation benefiting from a more
autonomy-supportive teacher (Black & Deci, 2000).

What seems clear from the pattern of obtained interactions to date is that no evidence has
been garnered for a matching hypothesis (De Meyer et al., 2016). As such, the hypothesis that
the motivating impact of a specific motivation strategy would be reversed depending on
students’ motivational orientation does not hold. That is, there is no evidence that learners high
in autonomous motivation would thrive under an autonomy-supportive approach and that those
high in controlled motivation would benefit from a controlling approach. Given the limited
research in this area, with no prior study examining the role of motivational differences in
relation to task difficulty, we sought to further investigate this topic.

The Present Study

10
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The broader aim of the present experimental study among elementary school children in the
context of math education involved examining the impact of task difficulty and instructional
style and differences in math motivation as unique and interactive predictors of a broad range
of motivational (i.e., interest/enjoyment), cognitive (i.e. thoughts on disengagement), affective
(i.e. irritation), and behavioral (i.e., challenge seeking) outcomes. Three more specific research
goals were pursued.

The first research goal investigated the main and interaction effects of task difficulty (i.e.,
easy-medium vs. difficult) and instructional style (i.e., autonomy-supportive vs. controlling).
In line with earlier research, it was expected that difficult math problems would provoke more
cognitive disengagement (De Muynck et al., 2017; Patall et al., 2018), irritation (Eunsook,
1999), while reducing interest/enjoyment and behavioral challenge seeking during a free-choice
period (Mabbe et al., 2018; van der Kaap-Deeder et al., 2016; Hypothesis 1a). As far as
instructional style is concerned, we expected that autonomy-supportive, relative to controlling
instructions would enhance interest/enjoyment and behavioral challenge seeking, while
minimizing irritation and cognitive disengagement (De Muynck et al., 2017; Hypothesis 1b).
Finally, one of the more innovative goals was to examine whether autonomy-supportive
instructions could dampen or even cancel out some of the presumed impairing effects of high
math difficulty (Hypothesis 1c).

The second research goal examined the intervening mechanisms explaining the impact of
difficulty level and instructional style. We investigated if need experiences could account for
the effects of the manipulations (Jang, Kim, & Reeve, 2012; Jang, Reeve, & Halusic, 2016). In
line with prior work (e.g., Mabbe et al., 2018), we hypothesized that difficulty level and
instructional style would impact on children’s irritation, intrinsic motivation, and behavioral
challenge seeking by affecting, respectively, children’s experiences of competence and

autonomy (Hypothesis 2). Specifically, both need satisfaction and need frustration

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

(Bartholomew, Ntoumanis, Ryan, & Thggersen-Ntoumani, 2011; Ryan & Deci, 2017;
Vansteenkiste & Ryan, 2013), were examined as either uniquely or in tandem accounting for
the effects of difficulty level and instructional style (Jang, Kim, & Reeve, 2016).

Finally, the third research goal explored whether individual differences in children’s
motives for studying mathematics relate to child outcomes, regardless of task difficulty and
instructional style. Congruent with previous studies (e.g., Baten & Desoete, 2018; De Naeghel
et al., 2012), we expected that children with higher autonomous motivation, relative to
controlled motivation, for mathematics would find the exercises to be more interesting, report
less signs of disengagement and irritation, and seek for more challenge when left by themselves
(Hypothesis 3). In addition, to draw a more complete and nuanced picture regarding the more
general or rather selective impact of task difficulty and instructional style, we examined whether
effects of task difficulty and instructional style are dependent on these motives. As noted, the
evidence for an interaction pattern as a function of differences in autonomous and controlled
motivation has been scanned, leading us to examine this issue in a more explorative way. One
possibility, suggested by the sensitization hypothesis (Moller, Deci, & Elliot, 2010), is that
especially children with more autonomous motivation would benefit from more need-
conducive contexts.

Method
Participants

An experimental study was performed on 479 fourth graders (Mage = 9.41; SD = 0.85)
stemming from 24 classes of 14 different schools in Flanders, the Dutch-speaking part of
Belgium. Every type of Flemish school (community schools, public schools, and free schools)
was included, in urban as well as rural areas, in order to have a representative sample.

Procedure

12
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A visual representation of the procedure can be found in Figure 1. The participating children
were recruited from a broader pool of children (N = 481) who had participated in an earlier
study during which their mathematical abilities were assessed (Desoete et al., 2019). At that
time, the children were in Grade 3. In total, 406 children of which we had mathematical abilities
available, took part in the new study. In addition, there was an influx of 83 new students in
Grade 4, of which we had no information on their mathematical abilities. As such, the sample
of the current study originally consisted of 489 participants. As can be noticed in Figure 1, the
present investigation involved two school visits, the first involving a baseline assessment and
the second the running of the actual experiment. At the start of the first physical visit, school
principals gave active informed consent to run the study. Also, passive informed consents,
which had been distributed to the potential participants by the teachers (who received them
prior to the first visit by e-mail), were collected by the time of the first visit. If parents did not
want their child to participate in the study, parents had to return a signed informed consent. In
the informed consent, it was clearly stated that children participated on a voluntary and
anonymous basis and they could withdraw their participation at any time without needing to
provide an explanation and without any consequences. Ten children were not allowed to
participate by their parents, resulting in the total sample size of 479. The study was approved
by the Ethical Committee of the Faculty of Psychology and Educational Sciences at Ghent
University.

During the first visit, children were orally informed about the study by the researchers and
they provided active informed consent for participation. Subsequently, background
characteristics and motivation for mathematics were measured. Approximately two weeks later,
during the second school visit, the experimental part took place. Because eight children were
absent during the second visit (due to illness), 471 children took part in the experimental

manipulation. The study had a 2 (Task Difficulty: easy-medium vs. difficult) x 2 (Instructional
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Style: autonomy-supportive vs. controlling) design, thereby creating four conditions. Children
in each class were randomly assigned to one of four experimental conditions, thereby preserving
a gender balance within every condition. The randomization thus took place at the individual
(and not the class) level, with children within one single class being randomly distributed across
the four conditions. The randomization procedure was prepared before the school visit by the
researchers, who also secured that participants’ test form fitted with the randomly assigned
condition. Participants were blind to experimental manipulation.

The experimental protocol consisted of five phases, with the experiment taking place in an
entire class group. In Phase 1, the instructional style was manipulated through a vignette
methodology (Aguinis & Bradley, 2014), which has been successfully used in similar previous
research (e.g., Chang, Chen, Tu, & Chi, 2016; Delrue et al., 2019). Specifically, children read
a comic book in which a teacher introduced math exercises in either a more autonomy-
supportive or a controlling way (see Figure 2). Before handing out the comic book, the
researchers asked children to imagine themselves sitting in the classroom and following the
instructions of the teacher such that they got fully immersed in the situation. In the autonomy-
supportive condition, the teacher used inviting language (e.g., “You can choose...” rather than
“You are obligated ...”), provided choice by allowing children to choose how to solve the
exercises as well as the order in which they wanted to solve them, and also offered a rationale
for solving the exercises (i.e., the exercises were an opportunity to practice and to perfect their
skills). In the controlling condition, the teacher placed the children under pressure by using
controlling language, thereby also emphasizing that children should solve the exercises in the
correct order and in the way they had learned previously. To this end, children had to write
down the different steps to reach their answer. Also, the exercises were introduced as a test and

no rationale was provided.
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After reading the comic book (i.e., the vignette), children filled out a manipulation check of
the instructional style (i.e., Phase 2). In Phase 3, difficulty level was manipulated by having
children work on either easy-medium or difficult math exercises for 7.5 min. In the easy-
medium difficulty condition, children were offered exercises that could be solved by 57.2 to
82.6% of children of their age, whereas children in the difficult condition were offered exercises
that could be solved by only 2.9 to 26.2% of children of their age (Desoete et al., 2019).

Phase 4 involved a manipulation check of the difficulty level and a post-experimental
assessment, with children filling out questionnaires that measure their need-based experiences,
interest/enjoyment, cognitive disengagement and irritation. Finally, Phase 5 involved of a 5-
min free-choice period (Wiechman & Gurland, 2009) to measure behavioral challenge seeking.

Two researchers (one doctoral level student and one Master student) went together to every
classroom. As for the experimental protocol, the researchers gave standardized instructions in
each classroom. Children’s regular classroom teacher was present during both the baseline
assessment and the actual experiment but did not intervene. Children worked individually,
although they could raise their hands to ask questions about the instruments. All questionnaires
and math tasks were administered via paper-and-pencil and these materials were thoroughly
screened in a pilot study to make sure everything was understandable for the target audience.
Instruments

The instruments used in the current study were presented to participants on three
different moments. Pre-experimental measures encompassed participants’ mathematical
abilities, background characteristics, and motivation for mathematics. Mathematical abilities
were retrieved from a pre-existing study when the children were in Grade 3 (Desoete et al.,
2019), whereas background characteristics and motivation for mathematics were retrieved
during the first school visit (in Grade 4). Post-experimental measures encompassed need

experiences, interest/enjoyment, thoughts on disengagement, irritation and behavioral
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challenge seeking and were all retrieved during the second school visit, after the experimental
manipulation took place. Unless indicated otherwise, all instruments relied on a 5-point Likert
scale ranging from 1 (not at all) to 5 (very much).

Pre-experimental measures.

Mathematical abilities. Children completed the Kortrijk Arithmetic Test Revision
version for the third grade (Kortrijkse Rekentest Revision, KRT-R; Baudonck et al., 2006)
when they were in Grade 3 (see Desoete et al., 2019). Because there was an influx of new
students in Grade 4, who did not complete the KRT-R, analyses involving math abilities were
limited to 406 children (i.e., 84.76% of the sample). The KRT-R is a widely used standardized
test in Belgium combining 30 exercises in mental arithmetic and 30 number knowledge
exercises. For the current study, the total raw score (range = 0 - 60) was used. The reliability
of this total score has proven to be good (Baudonck et al., 2006).

Background characteristics. Information on age and gender was retrieved from the
children during the first visit to the classrooms. In addition, the teacher reported whether or not
the child had a clinical diagnosis of Mathematical Learning Disabilities (MLD).

Motivation for mathematics. Children's motivation for mathematics was measured
using an adapted measure of the Self-Regulation Questionnaire for Reading Motivation (De
Naeghel et al., 2012). There were items tapping into autonomous motivation (e.g., "l count
because arithmetic is fun"; eight items; a = .90) and items tapping into controlled motivation
(e.g., “I count because I do not want to disappoint others”; nine items; o = .77).

Post-experimental measures.

Manipulation check. The perceived autonomy support (nine items, o = .90) of
instructions within the comic book was measured with a self-constructed questionnaire closely
connected to the story, to serve as a manipulation check. This was done immediately after

children finished reading the comic book. Five items tapped into perceived control and four
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items tapped into perceived autonomy support. For the manipulation check of autonomy
support, a difference score was calculated (perceived autonomy support — perceived control).
The closer the score to -4, the more controlling the teacher was experienced, whereas the closer
the score to +4, the more autonomy-supportive the teacher was experienced. A sample item of
perceived autonomy support is “The teacher tells me that learning math is important, for
instance, when you want to find out whether you received the correct change in a shop”. A
similar manipulation check was used for the difficulty manipulation (four items, o =.91), which
children filled out after solving the math exercises. Two items tapped into perceived easiness
and two items tapped into perceived difficulty. A difference score was calculated in order to
measure perceived difficulty (perceived difficulty — perceived easiness). The closer the score
to -4, the easier the exercises were experienced, whereas a score closer to +4 indicated that the
exercises were perceived as very difficult. An example item for perceived difficulty is “I found
it hard to solve the exercises | got from the teacher”.

Disengagement. The disengagement (e.g., “While solving the exercises, I thought about
giving up”) subscale of the Automatic Self-Talk Questionnaire for Sports (Zourbanos,
Hatzigeorgiadis, Chroni, Theodorakis, & Papaioannou, 2009) was adapted to the educational
context to measure participants' inner speech or thoughts (self-talk) about disengaging while
solving the exercises (five items, o = .85). Although self-reported herein, self-reported self-talk
has been found to correlate substantially with self-talk as coded by independent raters, while
using a thinking-aloud procedure during task conduction (De Muynck et al., 2017).

Need satisfaction and frustration. Autonomy satisfaction (three items, a = .69),
autonomy frustration (four items, o = .79), competence satisfaction (four items, o = .79) and
competence frustration (four items, a = .81) were measured with a child version of the Basic
Psychological Need Satisfaction and Need Frustration Scale (BPNSNFS; Chen et al., 2015; van

der Kaap-Deeder et al., 2015). One item for autonomy satisfaction was omitted from the
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original scale, since reliability analysis revealed that the reliability of the subscale was improved
by removing this item (“I had the feeling that the exercises of the teacher were really interesting
for me”). Sample items are "I felt like | could choose to solve the exercises” (autonomy
satisfaction), “I felt obligated to solve the exercises” (autonomy frustration), "l was confident
that 1 could solve the exercises” (competence satisfaction) and “While | was solving the
exercises, | felt uncertain about my performance” (competence frustration).

Intrinsic motivation. A child-friendly version of the Intrinsic Motivation Inventory
(Ryan, 1982; Mabbe et al., 2018), adapted to the educational context, was used to measure
interest/enjoyment (e.g., “While I was making the exercises, I thought about how much I liked
it"; seven items, o = .89) and irritation (e.g., “I was annoyed while solving the exercises”; four
items, a = .84).

Behavioral challenge seeking. A free-choice paradigm (Wiechman & Gurland, 2009)
was implemented as an indicator of behavioral challenge seeking. After having completed the
questionnaires, participants were herein provided the choice between exercises of easy (i.e.
eligible for third graders), medium (i.e. eligible for fourth graders), or hard (i.e. eligible for fifth
graders) difficulty to work on for another 5 min. Every set contained 20 items, selected from
the KRT-R (Baudonck et al., 2006), thereby containing 10 items on mental arithmetic and 10
items on number knowledge. Independent of condition, 158 children chose the easy exercises
(33.5%), 233 children chose the medium exercises (49.5%), and 80 children chose the difficult
exercises (17%).

Plan of Analyses

First, Multivariate Analysis of Variance (MANOVA) was used to examine whether
conditions differed from each other before the manipulations took place. Therefore, the two
manipulations were entered as fixed factors in the model to investigate their effect on the

continuous baseline variables. Chi-square test was used to examine if clinical diagnosis of MLD
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was equally distributed across conditions. Second, the effectiveness of the manipulations was
evaluated by conducting MANOVA with instructional style and difficulty level as between-
subject factors and the manipulation check variables as dependent variables. Further, to
investigate the main and interaction effects of difficulty level and instructional style on the
outcome variables (Research Goal 1), a Multivariate Analysis of Covariance (MANCOVA)
was performed with difficulty level and instructional style as between-subjects variables and
the outcome variables as dependent variables. Next, to investigate the mediating role of
psychological need experiences (Research Goal 2), a latent Structural Equation Model (SEM)
was tested using the lavaan package of R (Rosseel, 2012; R Core Team, 2014). Covariances
were allowed between all need experiences in the analysis. Regression parameters were
estimated using the two-step approach (Hunter & Gerbing, 1982; Lance, Cornwell, & Mulaik,
1988) and bootstrapping (1000 iterations). In the first step, the measurement model was tested.
In the second step, the full structural model was tested, fixing the item loadings on the latent
factors to the parameter estimates retrieved in the first step of the analysis. Goodness-of-fit was
evaluated using the fit measures (cut-off values: .06 for root mean square error of approximation
(RMSEA), .08 for standardized root mean square residual (SRMR), .95 for comparative fit
index (CFI)) of Hu and Bentler (1999). In all analyses, we controlled for math ability,
autonomous motivation and controlled motivation as covariates. Finally, for the third goal it
was examined if the autonomous and controlled motivation of the children would alter the
impact of our experimental factors and thereby function as a moderator. This was done by
regressing the outcome variables separately on difficulty, style, the potential moderator and the
interactions between the potential moderator and difficulty and style. Because there were two
potential moderators (autonomous motivation, controlled motivation), two experimental factors
(task difficulty; instructional style) and eight outcome variables, 32 interactions have been

tested (with post hoc Bonferroni correction). The interaction terms were calculated by
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multiplication of the standardized predictors and the standardized moderators (Aiken, West, &
Reno, 1991; Mabbe et al., 2018). When a significant result with one of the moderators emerged,
two subgroups were created based on participants scores for the moderator, to get insight into
the nature of the interaction effect. More specifically, follow-up ANOVA’s were conducted
within a group scoring high (> M + 1SD) on the moderator and within a group scoring low on
the moderator (< M - 1SD).
Results
Preliminary Analyses

Table 1 presents descriptives and the correlations between study variables. The MANOVA

revealed that neither difficulty level, F(4, 391) = 1.01, p = .404, n; =.01, nor instructional style,

F(4, 391) = 0.91, p = .460, n; = .01, yielded an effect on autonomous motivation, controlled
motivation, math abilities, and age. These findings indicate that children located in different
conditions did not differ on these variables at baseline, that is, before the manipulation took
place. Furthermore, a chi-squared tests showed that clinical diagnosis of MLD (n = 28; 5.8%)
and experimental manipulations were unrelated, y*(3) = 3.86, p = .277, indicating that children
with MLD were equally distributed across conditions.

Furthermore, the MANOVA on the manipulation check variables provided evidence for a

significant multivariate effect of both difficulty level, F(2, 464) =50.83, p <.001, n; =.18,and

instructional style F(2, 464) = 942.30, p < .001, ﬂ; = .80. Follow-up ANOVA’s indicated that
children in the autonomy-supportive conditions experienced the instructions as more
autonomy-supportive (M = 1.98, SD = 1.09) then did children in the controlling conditions (M
=-2.27, SD = 1.03), whereas children in the easy-medium conditions perceived the exercises
as less difficult (M = -1.17, SD = 2.13) compared to children in the difficult conditions (M =
0.75, SD = 2.01).

Primary Analyses
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Research Goal 1: The role of task difficulty and instructional style. The multivariate

results of the MANCOVA revealed that both difficulty level, F(8, 370) = 10.49, p <.001, n; =

.19, and instructional style, F(8, 370) = 2.78, p = .005, ni, = .06, had a significant multivariate
effect, whereas their multivariate interaction was non-significant, F(8, 370) = 1.53, p = .145,

n; =.03. These effects emerged after controlling for the multivariate effects of the covariates
autonomous motivation, F(8, 370) = 24.31, p <.001, Tl; = .35, controlled motivation, F(8, 370)

=3.91, p <.001, 1, = .08, and math ability, F(8, 370) = 8.05, p < .001, 1, = .15. The results of
follow-up univariate analyses of each of the manipulated variables and covariates can be found
in Table 2, while the means of the different outcomes of the respective conditions are reported
in Table 3. Difficulty level had a significant effect in the expected direction on all outcome
variables, except for the non-significant effect on autonomy satisfaction. Children solving the
more difficult exercises reported more autonomy and competence frustration and less
competence satisfaction, they felt more irritated and perceived the exercises to be less enjoyable
and interesting. In addition, they reported more cognitive disengagement and chose less difficult
exercises in the free-choice period afterwards. The effects for instructional style were limited,
with children in the autonomy-supportive conditions reporting greater autonomy satisfaction
compared to those in the controlling conditions. Although instructional style tended to have an
additional effect on interest/enjoyment, this effect was only marginally significant. As for the
interaction, difficulty level and instructional style interacted in the prediction of autonomy
frustration (see Figure 3), competence satisfaction (see Figure 4) and competence frustration
(see Figure 5). As can be noticed in these figures, the harmful effects (i.e. more need frustration,
less competence satisfaction) of having to solve difficult, relative to easy-medium, exercises
were dampened when the exercises were introduced in an autonomy-supportive manner.
Specifically, when the exercises were introduced in an autonomy-supportive way, the

difference between the difficult and easy-medium exercises in autonomy frustration was absent
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(p =.999; ﬂ; =.00), while being minimal in the case of competence satisfaction (p < .001; n;

= .08), and competence frustration (p = .010; n; = .03). In contrast, when introduced in a
controlling way, the difference between the difficult and easy-medium exercises in terms of

autonomy frustration (p = .002; n; = .05), competence satisfaction (p < .001; n; = .22) and

competence frustration (p <.001; n; =.19) was more pronounced. Finally, in a more explorative
way, the impact of instructional style and difficulty level on children’s performance was
examined. See Supplementary material Part 1 (and Supplementary Table 1) for results of these
analyses.

Research Goal 2: The explanatory role of need-based experiences. To understand the
effects of task difficulty, instructional style and their interaction, need-based experiences were
modelled as explanatory variables. The results of the SEM-analysis indicated that the proposed
mediation model yielded an acceptable fit, y?(581) = 1234.34, p < .001; CFl = .91; RMSEA =
.05; SRMR = .07. As can be noticed in Figure 6, instructional style related to autonomy
satisfaction, while task difficulty yielded effects on autonomy frustration and both competence
satisfaction and frustration. Instructional style and difficulty level interacted in the prediction
of autonomy frustration and competence satisfaction as well as frustration, which is in line with
the results obtained via the MANCOVA. Several of the need-based experiences related to the
various outcomes, with competence satisfaction relating positively and autonomy frustration
relating negatively (albeit marginally) to interest/enjoyment. Irritation was predicted by the
same set of need-based experiences, albeit in opposite ways, with autonomy frustration thus
yielding a positive contribution and competence satisfaction a negative contribution. Cognitive
disengagement was predicted by three different need-based experiences, that is, both autonomy
and competence frustration (positively) and competence satisfaction (negatively). Finally,
competence satisfaction was positively related to behavioral challenge seeking. Thus, the need-

based experiences related to the outcomes in hypothesized ways, with the exception of the
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positive relation between autonomy satisfaction and irritation. This association should be
interpreted with caution in light of its non-significance at the correlation level (r = -.01).
Subsequent analyses on this specific result can be found in Part 2 of the supplementary
materials.

Direct and indirect effects and confidence intervals for the parameters can be found in Table
4. Even though instructional style only predicted autonomy satisfaction, small direct effects
were identified with a more controlling style predicting higher disengagement and irritation and
relating to less interest/enjoyment. Importantly, as can be noticed in Table 4, all indirect effects
from the manipulated variables to interest/enjoyment disengagement, irritation and challenge
seeking via one or multiple need measures were (marginally) significant.

Research Goal 3: Do interpersonal differences in motivation matter? As can be noticed
in Table 2, several interesting main effects of children’s motives for mathematics in the
prediction of the task-specific outcomes were obtained. Children with more autonomous
motivation for mathematics experienced more need satisfaction and less need frustration, they
enjoyed solving the exercises more and reported less irritation and cognitive disengagement.
Finally, they also worked on a more challenging set of exercises during the free-choice period.
Children with more controlled motivation reported greater frustration of both needs.

Next, through a series of regression analyses, it was examined if autonomous and controlled
motivation moderated the relation between instructional style and/or difficulty level on the one
hand and on the outcomes on the other hand. Out of 32 tested interactions, only three appeared
significant.

First, autonomous motivation moderated the relation between difficulty level and cognitive

disengagement, p = -.09, p = .037. More difficult exercises predicted more cognitive

disengagement among individuals with lower (< M - 1SD; p = .099; n; =.03) but not among

participants with higher levels of autonomous motivation (> M + 1SD; p = .511; n; =.01).
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Then, controlled motivation served as a moderator in two additional cases, that is, in the relation
between instructional style and autonomy satisfaction, p = .09, p = .042, and in the relation
between task difficulty and competence satisfaction, p = .09, p = .041. Follow-up analyses
indicated that there was a significant decline in autonomy satisfaction in the controlling, relative

to the autonomy-supportive, instructions among participants with lower levels of controlled

motivation (< M - 1SD; p = .005; n; =.11) but not among participants with higher levels of

controlled motivation (> M + 1SD; p =.858; n; =.00). Similarly, there was a significant decline
in competence satisfaction for difficult, compared to easier, exercises among participants low

in controlled motivation (< M - 1SD; p < .001; n; = .21), not among participants high in

controlled motivation (> M + 1SD; p =.099; n; =.03). In addition to the minimal number of
interactions, they were no longer significant when a Bonferroni correction (.05/32 = .002) was
applied.
Discussion

Given substantial individual differences in the pacing of children’s development (Claessens
etal., 2009; Claessens & Engel, 2013), it is not easy for teachers to monitor and guide children’s
learning in a motivating way. Although offered learning tasks can best be situated within
children’s zone of proximal development (Moll, 2013; Vygotsky, 1978, 1987), for most
learners, there will be at least some moments where they will face too difficult tasks. In the
current study, we sought to investigate whether such difficult tasks come with a range of
motivational, affective, and behavioral costs and whether an autonomy-supportive instructional
style serves as a useful strategy to dampen or even overcome the presumed negative
consequences of too difficult math tasks. In doing so, we also addressed the role of children’s
need-based experiences as underlying explanatory mechanisms and children’s motivational
differences for math as a potential moderator of the effects of manipulated task difficulty and

instructional style. A number of interesting findings emerged.
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Impairing Effects of Task Difficulty

As we had hypothesized, overly difficult math exercises yielded a host of negative effects.
More difficult tasks undermined children’s interest in math, elicited more irritation and
prompted more thoughts about disengagement. The impact on cognitive disengagement
(thoughts such as ‘I want to stop’, ‘I want to get out of here”), is congruent with previous work
of Patall and colleagues (2018) who reported that high school students report more emotional
and behavioral disengagement on days during which they perceived their science class as more
difficult than usual. The present findings extend this body of work by showing that task
difficulty causes rather than merely covaries with a host of negative outcomes. In addition, the
present findings suggest that the reported effects of task difficulty by Patall and colleagues
(2018) generalize to elementary children, math education, and indices of cognitive
disengagement. Preliminary findings on cognitive disengagement were reported by Eunsook
(1999), who found that students worried more when filling out a difficult math task. Also, in an
experimental study among adolescent tennis players, negative feedback, another competence-
relevant factor, was found to enhance negative inner-speech relative to the provision of positive
feedback (De Muynck et al., 2017).

Interestingly, too difficult exercises not only prompted more negative experiences during
task engagement, but also when the children had finished working on the assigned exercises.
That is, those randomly assigned to the difficult condition, chose less challenging exercises
afterwards. Presumably, having experienced a decrement in competence satisfaction and an
increase in competence frustration during the experimental phase, children no longer wanted to
be exposed to failure experiences and, hence, selected easier tasks, which better guarantee a
successful outcome. Alternatively, children who received the easy exercises during the
experimental induction may have chosen to set the barrier higher and, therefore, choose a more

challenging set of exercises. Without a control group, it is impossible to conclude whether
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difficult exercises forestall competence and result in reduced challenge seeking or whether easy
exercises promote greater challenge seeking by promoting children’s sense of confidence. Yet,
the present findings indicate that the difficulty level of mathematical tasks not only impacts on
children’s motivational, cognitive and affective functioning, but even on their behavior as such.

This behavioral finding is in line with a recent study by Mabbe and colleagues (2018) who
found that normative, positive feedback, which was competence-affirming, led children to
choose more difficult puzzles during a free-choice period compared to those getting negative
feedback (see also van der Kaap-Deeder et al., 2016). The present research extends this line of
work by showing that another competence-relevant factor, that is, task difficulty, carries similar
effects, knowing that math exercises were on average also less intrinsically motivating than the
fun puzzles that elementary school children in the Mabbe and colleagues (2018) study were
asked to solve.

In terms of the explanatory mechanisms, autonomy frustration as well as both competence
satisfaction and frustration accounted for the effects of task difficulty, with less satisfaction and
more frustration together explaining why more difficult tasks impaired motivational, cognitive,
affective, and behavioral outcomes. The finding that competence need-experiences explain the
effects of task difficulty aligns with previous work on perceived difficulty (Patall et al., 2018)
and negative feedback (De Muynck et al., 2017; Mabbe et al., 2018), another competence-
relevant factor. However, the present study extends this body of work in two ways. First, in the
current study, not only need satisfaction but also need frustration was modeled as an
explanatory variable, which provided us with more detailed insights into the paths leading to
experiences in the mathematics classroom. Second, even though the task difficulty manipulated
primarily and most strongly competence need experiences, task difficulty also elicited
autonomy frustration, regardless of the instructional style. Presumably, when solving difficult

exercises, children may gradually find out that they are incapable to solve them, which may
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elicit pressure on them to perform well. Such elevated pressure would then be indicative for
their increased autonomy frustration.
Dampening Role of Autonomy-Supportive Instructions

One of the most promising and novel findings was the observation that autonomy-
supportive instructions helped to dampen the increase of autonomy and competence frustration
and the decrease of competence satisfaction when children were asked to solve difficult
exercises. Because these need-based experiences were identified as a mechanism for why task
difficulty hosts such negative effects, this finding is very promising for teachers dealing with
struggling learners. While autonomy-supportive instructions completely cancelled out the
autonomy-frustrating effect of difficult exercises, they helped to minimize (but did not cancel
out) its competence-impairing impact. Using autonomy-supportive instructions to introduce
math exercises thus proves useful to alter the ‘hardiness’ when math tasks get difficult, which
yields further benefits. Indeed, by buffering the impairing effects of task difficulty on the
mediating need-based experiences, the increase in irritation and cognitive disengagement and
the decrease in interest/enjoyment and challenge seeking under conditions of too difficult
exercises got indirectly minimized. These findings align with and extend a previous diary study
(Patall et al., 2018), which equally reported evidence for the buffering role of an autonomy-
supportive communication style in the prediction of competence when students had a hard class.
Also, these findings are congruent with prior correlational (Carpentier & Mageau, 2013;
Mouratidis, Lens, & Vansteenkiste, 2010) and experimental (De Muynck et al., 2017) work in
the context of negative feedback, another competence-relevant factor, where providing negative
feedback in an autonomy-supportive, relative to a controlling way was found to yield the best
outcomes.

Although instructional style helped to buffer the impairing effects of task difficulty, its main

effects were rather limited, with an autonomy-supportive instructional style predicting
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enhanced autonomy need satisfaction. This finding is congruent with previous correlational
(Haerens, Aelterman, Vansteenkiste, Soenens, & Van Petegem, 2015), observational (Reeve &
Jang, 2006), and experimental (Grolnick & Ryan, 1987; Mabbe et al., 2018) studies on the role
of autonomy support. When compared to the effects observed for task difficulty, the effects of
an autonomy-supportive instructional style appeared less robust, presumably because the
difficulty manipulation was psychologically more salient to the children for a number of
reasons. First, while task difficulty was a “real-life” manipulation as children had to solve
exercises of a different difficulty level, instructional style was a vignette-based manipulation in
which the children were asked to be personally immersed in the situation of the comic book.
Children had to read the instructions in silence, but recent research suggests that socializing
agents can also convey a message of control vs. autonomy support via their tone of voice
(Weinstein, Zougkou, & Paulmann, 2018). Thus, if the instructions were administered in an
interpersonal way, they may have carried a stronger effect. At the same time, by using this
experimental vignette methodology, we maintained a maximum amount of control on the
instructions given and we were capable of using a within-class randomization procedure. A
second reason for the different salience of both manipulations has to do with the differential
duration of the two manipulations. Children had to solve math exercises for 7.5 min, while they
only read the comic book once. Thus, a one-time exposure to an autonomy-enhancing factor
(i.e., instructional style) was pitted against a more ongoing exposure to a competence-thwarting
factor (i.e., task difficulty). Taking also the differential timing of both manipulations into
account, it is possible that as the experiment progressed, the impact of the instructional style
gradually waned as it was overpowered by the more salient competence-decreasing impact of
high task difficulty. Future research may repeatedly expose children to a differential
instructional and guidance style (see Reeve & Tseng, 2011) to balance both manipulations.

Moreover, while the current study used the experimental vignette methodology (Aguinis &

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Bradley, 2014), future research should try to replicate our pattern of findings by using real
teachers, instead of a teacher depicted in a comic book. Doing this would help to increase the
ecological validity of the present findings.

The Role of Children’s Motives for Mathematics

We did not only consider an autonomy-supportive, relative to controlling, instructional style
as a moderator, but also addressed the role of motivational differences between children in
math. As children progress through elementary school, interpersonal differences in their
autonomous and controlled motivation for mathematics emerge (Baten & Desoete, 2018). The
critical question is then whether teachers need to adjust task difficulty and their communication
style according to these differences in motivation. Although the topic of motivational tailoring
is of importance from a practical perspective, this issue is under-researched within the SDT-
tradition and the motivation literature at large (but see Flunger et al., 2019; Mouratidis et al.,
2011). Presumably, because of the universality claims characterizing SDT, there was less of an
urgency to examine these issues. Yet, although need satisfaction would be conducive to all
children’s interest and growth, the pathways towards need satisfaction may somewhat vary
(Soenens et al., 2015; Vansteenkiste et al., 2019). Indeed, some teachers are convinced that
controlled motivated students would function most optimally when being exposed to a
demanding and controlling teacher (De Meyer et al., 2016).

Independent of the manipulated task difficulty and instructional style, children bringing
more autonomous motivation to the task felt less irritated during task engagement, found the
exercises to be more interesting, picked more challenging exercises to work on when asked to
work independently and fewer negative thoughts on disengagement came to their mind. In
contrast, those high in controlled motivation reported more need frustration during task

engagement; the task was experienced as a daunting duty for which they felt low competence.
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Clearly then, while autonomous motivation served as a motivational resource, controlled
motivation is a motivational vulnerability factor.

Children’s type of motives for mathematics also interacted with the manipulations, even
though only small effects were identified and these disappeared when taking multiple testing
into account. Specifically, the autonomy-reducing effect of controlling, relative to autonomy-
supportive, instructions and the competence-impairing effect of difficult, relative to easier,
exercises only appeared for those with lower levels of controlled motivation. Further, especially
children with less autonomous motives for mathematics, reported more cognitive
disengagement in response to having to solve difficult tasks. These interaction findings need to
be interpreted with caution and the limited number of interaction findings contrasts with the
robustness of the main effects. A similar limited number of interactions have been reported in
previous studies in the context of science (Flunger et al., 2019) and physical education (e.g., De
Meyer et al., 2016). Thus, before drawing any strong conclusions regarding the moderating role
of motivational differences, the current pattern of findings needs replication.

Practical Implications

The results of the current study indicate that offering too difficult math tasks at school
impairs children’s motivational, cognitive, and affective experiences in the classroom. Even
though teachers may be tempted to offer only easy tasks in light of these findings, thereby
lowering their standards all together, such an approach may also come with some
disadvantages. Indeed, without sufficient challenge, children’s learning process risks to
stagnate (Shabani, Khatib, & Ebadi, 2010). For children to not just practice but also to extend
their knowledge and skills, assigned exercises need to fall within their zone of proximal
development (Moll, 2013; Vygotsky, 1978; Vygotsky, 1987). In many cases, searching for such
optimally challenging tasks implies that teachers need to walk on a tightrope, with the risk that

children are sometimes provided with too difficult and other times with too easy exercises. The
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present study then yields the promising message that the motivational, affective, and behavioral
costs that too difficult tasks cause can be minimized if teachers pay attention to their
communication style. This is a hopeful finding, perhaps especially for children who dispose of
less mathematical abilities and who may more easily be confronted with too difficult exercises.
Preventing them from disengaging improves their chances for later academic and job success
(Duncan et al., 2007; Duncan & Magnuson, 2011) and prevents children with Mathematical
Learning Disabilities to even fall further behind (Clements, Fuson, & Sarama, 2017; Clements
& Sarama, 2011).

What does it mean specifically to act in an autonomy-supportive way when assigning
difficult tasks? First, an autonomy-supportive teacher empathizes with children, thereby
highlighting that they may possibly struggle with the activity (Soenens, Deci, & VansteenkKiste,
2017; Vansteenkiste, Niemiec, & Soenens, 2010). Second, they try to provide a meaningful
rationale for assigning the more difficult math exercises and, finally, they can build in choices
regarding the timing, order, or way of solving the difficult exercises (De Muynck, Soenens,
Degraeuwe, Vande Broek, & Vansteenkiste, 2019; Reeve, Nix, & Hamm, 2003). When
applying these different autonomy-supportive strategies, the way children cope with the
encountered difficult tasks may be altered. Specifically, they may perceive the task as an
opportunity for growth rather than as an evaluative and threatening duty. These differential
perceptions of challenge versus threat may then encourage them to carry on instead of giving
up (Adie, Duda, & Ntoumanis, 2008).

A second recommendation for teachers is to adjust the difficulty level of assigned tasks to
children’s capacities (Moll, 2013; Vygotsky, 1978, 1987). This suggestion for scaffolding
(Shabani et al., 2010) follows from the observation that an autonomy-supportive instructional
style primarily attenuates but does not completely cancel out the adverse impact of too difficult

tasks. If teachers want to preserve children’s interest and prevent a drop in disengagement, they
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do well to offer activities for which children feel competent. In doing so, they may gradually
increase the difficulty level of the task such that children increasingly build up a sense of
mastery rather than setting the bar too high from the beginning, thereby eliciting a sense of
failure. Although some teachers may hold the belief that children would choose the easy way
out after making a set of math exercises of easy-medium difficulty, the present study suggests,
on the contrary, that they increase their own standards by choosing more challenging exercises
when left by themselves. More broadly, the present findings suggest that teachers do well to
hold trust in children’s capacity to uplift their own learning process, a belief that precisely
characterizes need-supportive teachers (Aelterman et al., 2019).

Limitations

As is the case for any study, a number of limitations deserve being mentioned. First,
although the vignette-based manipulation appeared effective, such a manipulation may be fairly
difficult for elementary school children, especially considering their age, compared to the oral
provision of instructions. In addition, oral instructions from an actual math teacher rather than
written instructions in a comic book would improve the ecological validity of the study.
Because this study revealed a significant moderating effect of even a mild autonomy support,
the effect might even be bigger if the instructions were given orally in classrooms. Manipulating
communication style in an interpersonal way instead of merely via written vignettes is where a
replication study should focus on.

Second, because a neutral condition was not included, either in terms of difficulty level or
instructional style, it remains unclear whether the observed differences between conditions are
due to the growth-conducive role of autonomy support and easy-medium exercises, or the
growth-impeding role of difficult exercises and a controlling communication style, or both. An
alternative is to include a condition that contains a mix of different instructional styles instead

of a single style, which may be more fitting with the daily teaching reality. Under these
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ambiguous circumstances, individual differences in motivational orientation may have played
a more significant role with control- and autonomy-oriented learners being sensitive for,
respectively, the more controlling and autonomy-supportive features of the manipulation. A
final methodological improvement would involve deconstructing the global autonomy-
supportive approach into its facets (i.e., inviting language, choice, rationale) to examine
whether they carry in isolation or in combination the strongest effect (e.g., Deci, Eghrari,
Patrick, & Leone, 1994).

A third limitation concerns generalization across age groups and across teaching areas. As
this study only sampled fourth grade elementary school children and focused on mathematics
only, the question is whether the current findings generalize to different age groups or different
subjects. Finally, it is important to mention that the mediating variables (i.e. autonomy and
competence satisfaction/frustration) were measured after instead of during task completion and
their assessment co-occurred with the measurement of the outcomes. In ideal circumstances,
the presumed mediators are assessed prior to the outcomes, which justifies modelling them as
intervening variables in an integrated model. Indeed, given their concurrent assessment, the
observed association between the mediators and the outcomes may go in both directions, with
the mediators (e.g., competence satisfaction) not only driving the outcomes (e.g., interest) but
also the other way around.

Conclusion

Too difficult math exercises appear to result in a loss of interest and challenge seeking as
well as increased irritation and cognitive disengagement. However, as children progress
through elementary school, a confrontation with increasing math difficulty seems inevitable. In
addition, children who dispose of less mathematical abilities or children with MLD may more
easily be confronted with too difficult math tasks. This study revealed that even with a subtle

manipulation of autonomy-support, the negative effects of too difficult math exercises could be
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buffered. Providing children with a meaningful rationale, taking their perspective and building
in choices, helps to preserve their interest and stimulates them to accept new math challenges
and practice in their zone of proximal development, which fosters them to extend their skills.

As such, teachers may improve their pupils’ chances for later academic and job success.
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1  Table 1. Pearson Correlations Among Study Variables and Descriptive Statistics

M (SD) 1 2 3 4 5 6 7 8 9 10 11 12
1. Math abilities 28.00 (10.14)
2. Autonomous motivation 3.69(0.98) .28
3. Controlled motivation 2.78 (0.78) -23"" -.05
4. Disengagement 2.06 (0.97) -33™ -40™ .18™
5. Autonomy satisfaction 2.55(0.99) .07 147 100 -.09*
6. Autonomy frustration 2.43(0.98) -.14™ -19™ 24™ 44T -127
7. Competence satisfaction 3.21(097) .34™ 377 -10" -54™ 257 -33™
8. Competence frustration 2.55(1.01) -28"" -22"" 22" 50™ @ -02 .49 -53™
9. Interest/Enjoyment 3.04(1.05) .25™ 57" -06 -62"" 18" -38"" .58 -36""
10. Irritation 1.99 (0.98) -.25"" -36™ .18™ .70™ -.01 507 -49™ 4T -63™
11. Behavioral challenge seeking  1.83 (0.69) .39  .49™ -14™ -45™" 11" -27"" 46" -38™" 52" -45™
12. Difficulty - -.03 -.00 05 .23™  -00 A20 0 -3277 27t 217 197 -16™
13. Instructional style - .02 .02 -.05 05 -20"" -.05 -.01 -.01 -.04 -.04 02 -01

2 Note: M = Mean, SD = Standard Deviation;
3 Difficulty coded as ‘0’ for easy-medium and ‘1’ for difficult; Instructional style coded as ‘0’ for autonomy-support and ‘1’ for control
4 “p <.050, " p<.010, " p<.001, *p<.10
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Table 2. Univariate Effects of Contextual and Interpersonal Difference Variables on Outcome Variables

Difficulty level Instructional style Difficulty x Style Autonomous Controlled
motivation motivation
F 77; d F 7]; d F . F m F m
Mediating variables
Autonomy satisfaction .04 00 0.02 16.48™ .04 -042 054 .00 946" .02 352 .01
Autonomy frustration 5.51™ .01 0.26 2.22 .01 0.09 4.44" .01 13.477" .00 19.52"" .05
Competence satisfaction ~ 62.307" .14 -0.73 0.12 00 -001 462 .01 5252 12 041 .00
Competence frustration ~ 43.13"" .10  0.65 0.09 00 -001 7917 .02 13.14™ 03 7527 .02
Outcome variables
Interest/enjoyment 26.417" .07 -0.45 2.59 01 -012 0.8 .00 155.62"" .29  0.02 .00
Disengagement 27.29™ .07 051 1.96 01 008 0.76 .00 57.26™ .13 297 .01
Irritation 2215 .06  0.47 2.50 01 0.12 141 .00 35.817" .09 3.24 .01
Behavioral challenge 12.48™ .03 -0.32 0.26 00 0.07 3.05 01 87.29™" 19 050 .00
seeking
Note: d = Cohen’s d
“p<.05 " p<.01, ™ p<.001
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Table 3. Means and Standard Deviations of Outcome Variables per Condition

Autonomy-supportive Style (n = 242)

Controlling Style (n = 237)

Easy Difficult Easy Difficult
n=120 n=122 n=120 n=117
Mediating variables
Autonomy satisfaction 2.70 2.79 2.36 2.33
(0.94) (1.00) (1.03) (0.84)
Autonomy frustration 2.32 2.38 2.23 2.67
(0.92) (0.97) (0.87) (1.08)
Competence satisfaction 3.50 2.99 3.64 2.83
(0.90) (0.91) (0.87) (0.93)
Competence frustration 2.32 2.71 2.07 2.94
(0.96) (0.95) (0.94) (0.92)
Outcome variables
Interest/Enjoyment 3.38 2.93 3.27 2.81
(1.04) (0.97) (1.04) (1.00)
Disengagement 1.77 2.19 1.80 2.32
(0.90) (0.97) (0.84) (0.98)
Irritation 1.70 2.05 1.72 2.24
(0.87) (0.93) (0.91) (0.96)
Behavioral challenge seeking 1.93 1.78 2.06 1.75
(0.64) (0.70) (0.72) (0.67)
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1 Table 4. Direct and Indirect Effects in the Structural Model, together with Confidence
2 Intervals (Bootstrapped — 1000 iterations)
B p 95% CI
Direct  Style > Autonomy Satisfaction -23  .001 [-.52, -.14]
Effects Style = Interest/Enjoyment -09 .019 [-.34,-.03]
Style - Disengagement .08 .076 [-.02, .31]
Style - Irritation 09  .045 [.00, .30]
Style x Difficulty - Autonomy Frustration 13 011 [.02,.19]
Style x Difficulty - Competence Satisfaction -09 .048 [-.18, -.00]
Style x Difficulty - Competence Frustration 14 .004 [.04, .22]
Difficulty = Autonomy Frustration 13 011 [.05, .37]
Difficulty - Competence Satisfaction -42 <001 [-.99,-.62]
Difficulty - Competence Frustration 35 <.001 [.46, .83]
Autonomy Satisfaction - Irritation 13 .035 [.01, .31]
Autonomy Frustration = Interest/Enjoyment -12  .064 [-.32,.01]
Autonomy Frustration > Disengagement 21 .003 [.09, .44]
Autonomy Frustration = Irritation 39  <.001 [.25, .60]
Competence Satisfaction = Interest/Enjoyment 64 <.001 [.49, .85]
Competence Satisfaction - Disengagement -34 <001 [-51,-17]
Competence Satisfaction = Irritation -37 <.001 [-49,-17]
Competence Satisfaction > Challenge Seeking 29  .001 [.09, .32]
Competence Frustration - Disengagement 21 .032 [.02, .41]
Indirect Style - Autonomy Satisfaction - Irritation -03 .076 [-.11, .01]
Effects Style x Difficulty = Autonomy Frustration = Interest/Enjoyment -02 131 [-.04, .01]
Style x Difficulty - Autonomy Frustration - Disengagement .03 .051 [.00, .06]
Style x Difficulty - Autonomy Frustration = Irritation 05 .021 [.01, .08]
Style x Difficulty - Competence Satisfaction = Interest/Enjoyment -.06 .056 [-.12, .00]
Style x Difficulty - Competence Satisfaction - Disengagement .03 .079 [-.00, .06]
Style x Difficulty - Competence Satisfaction - Irritation 03 .076 [-.00, .06]
Style x Difficulty - Competence Satisfaction - Challenge Seeking -.03 .086 [-.04, .00]
Style x Difficulty - Competence Frustration - Disengagement .03 .083 [-.00, .06]
Difficulty - Autonomy Frustration = Interest/Enjoyment -02 131 [-.07,.01]
Difficulty = Autonomy Frustration - Disengagement .03 .051 [.00, .11]
Difficulty = Autonomy Frustration = Irritation 05 .021 [.01, .17]
Difficulty - Competence Satisfaction = Interest/Enjoyment -27 <001 [-.73,-.35]
Difficulty - Competence Satisfaction - Disengagement 14 <001 [.12, .43]
Difficulty = Competence Satisfaction = Irritation 15  <.001 [.12, .41]
Difficulty - Competence Satisfaction = Challenge Seeking -12  .001 [-.26, -.06]
Difficulty - Competence Frustration - Disengagement 07 .039 [.01,.27]
3 Note: 95% CI = 95% Confidence Interval
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> Visit 1 — Baseline Measures >

Visit 2 - Experimental Protocol

Phase 1 Phase 2 Phase 3 Phase 4
(10 min) (5 min) (7.5 min) (20 min)

Information and signing informed consent

Assessment
Background variables
Motivation for mathematics

Figure 1. Study Procedure

2 weeks

Manipulation
Instructional style

Assessment Manipulation Assessment

Manipulation check Difficulty level Manipulation check

instructional style difficulty level

Outcome variables

Free-choice period |
. 1
Behavioral challenge 1
seeking
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(" Ttis the first week after the

Easter holidays in the
elementary school. It is

Sarah and Thomas are both in Grade 4.
They are friends since kindergarten and
help each other with their schoolwork.
Their teacher this year is teacher Sofie.

 Friday afternoon.

General introduction

Experimental manipulation

A: “It is important that we all learn how to
calculate fluently. For example if you go to
the bakery, it is convenient if you can quickly
calculate whether he/she gave you sufficient
change”

A: “You will receive different exercises.
Some exercises will be more difficult than
others. If you don’t know how to proceed,

use intermediate steps, they might help you”

5

Autonomy-
supportive (A)

C: “In the test you will notice that some
exercises are more difficult than others. You
are obligated to use intermediate steps,
otherwise you will fail. Do it well, just as I
taught you”

Figure 2. Comic book used to manipulate the instructional style of the teacher.

C: “You will receive a math test. It is
important that you solve the exercises quickly
and correct. In that way I can see who is good

in math and who isn’t”

S

Controlling

A: “You can choose the order in which you
solve the exercises. You can for example
start with the first one, but also with the last
one. You can use all the space you want to
write down intermediate steps. In that way |
can see how you solved the exercises and
then I can maybe help you”

C: “Solve the exercises in the correct order
and solve them just as I've taught you. In that
way | can sece who makes a lot of mistakes
and if you solve it in my way”.

"""ﬁiﬁl’lope you all had a good
lunch break. This afternoon
we are going to have math

A: Teacher Sofie: “Good luck with these exercises”

C: Teacher Sofie: “Good luck on this test”

Note: A = Autonomy-supportive language used in the autonomy-supportive condition; C = Controlling language used in the controlling condition
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Figure 3. Interaction effect between manipulated task difficulty and instructional style in the

prediction of autonomy frustration.
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Figure 4. Interaction effect between manipulated task difficulty and instructional style in the

prediction of competence satisfaction.
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Figure 6. Structural model depicting the mediating role of need-based experiences in the relation between manipulated instructional style, task difficulty and outcomes

Note: A = Autonomy-supportive language used in the autonomy-supportive condition; C = Controlling language used in the controlling condition; E-M = Easy-medium

exercises; D = Difficult exercises

"p<.05 "p<.01,™ p<.001,*p<.10
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How Can the Blow of Math Difficulty on Elementary School Children’s Motivational,
Cognitive and Affective Experiences be Dampened?

The Critical Role of Autonomy-Supportive Instructions

Supplementary Material
Part 1. The Role of Task Difficulty and Instructional Style on Performance

Method. To explore the effect of the manipulations on performance, Univariate Analyses
of Variance (ANOVA) were performed. Performances within one difficulty level (either easy-
medium or difficult) during the experimental phase were compared between those receiving
autonomy-supportive vs. controlling instructions. Also during the free-choice period
afterwards, performance was compared between conditions. Two outcome measures were
considered: accuracy (= number of items correct/number of items solved) and number of items
correct.

Results. The analyses revealed that instructional style did not impact on children’s
performance, not immediately, but also not afterwards. For difficulty, a small effect on the
performance in the free-choice period was found, namely children in the difficult condition
during the experimental phase, performed slightly worse (M = .58, SD = .25) in the free-choice
period, compared to those in the easy-medium condition (M = .63, SD = .24). However, this
effect was small (r;; =.02) and was only found when accuracy (items correct/items solved) was
chosen as an outcome measure for performance. This effect was absent with the number of
items correct as outcome and emerged after controlling for the main effects of math ability,
autonomous and controlled motivation. Math ability was strongly and positively related to all
outcomes, with smaller effect sizes for the difficult exercises in the free-choice period. The
effect on these difficult exercises was only marginally significant when taking the accuracy as

outcome and non-significant with the number of items correct as outcome. Autonomous
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motivation was found to relate positively to performance in the medium difficulty level of the
free-choice period, whereas there was a negative relationship (marginally significant) with
controlled motivation. In addition, controlled motivation yielded negative effects on
performance (accuracy) in the difficult exercises of the free-choice period. Details of these
analyses can be found in Supplementary Table 1.

Discussion. We found more autonomously motivated children to perform better on medium
difficult tasks than compared to children with less autonomous motivation, regardless of their
abilities. This is a very important finding that demonstrates the crucial role of autonomous
motivation for performance outcomes, over and above the effect of ability. This finding is
completely in line with a recent meta-analysis on 74 studies (n = 80.145), which concluded that
16.6% of the variation in school achievement could be explained by differences in motivation,
over and above intelligence which explained 66.6% of the variance (Kriegbaum, Becker, &
Spinath, 2018). Furthermore, we found that for very difficult tasks, performance gets
undermined for children with high levels of controlled motivation. It seems to be the case that
when tasks get more difficult, autonomous motivation functions as an enhancer for
performance, but only for medium difficulty. For very difficult tasks, autonomous motivation
does not contribute anymore, but controlled motivation seems then to impair performance.
Part 2. Subsequent Analyses on SEM-Results (Hypothesis 2)

The positive relation between autonomy satisfaction and irritation in the SEM-results
was explored in further detail. Subsequent analyses revealed that a model involving a composite
score of need satisfaction and need frustration, thus collapsing across both autonomy and
competence items, and a model with only competence satisfaction and competence frustration
as mediators revealed significant negative parameter estimates between need satisfaction and
irritation. When only autonomy satisfaction and frustration were included as mediators, a

positive, albeit non-significant association was found between need satisfaction and irritation,
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a finding congruent with the correlational results. Presumably, the final structural model
involving all four mediators may have caused problems of multicollinearity, thereby producing
more unstable results. In addition, the internal consistency of autonomy satisfaction was the
lowest of the four need measures, indicating that this measure contains more error variance

which could additionally have affected the parameter estimates.
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Table 1. Univariate Effects of contextual and interpersonal difference variables on performance

Difficulty level Instructional style Difficulty x Math ability Autonomous  Controlled
Style motivation motivation
F 77; d F 7]; d F 7]; F TI; F TI; F TI;
Performance in the
experimental phase
Easy-medium (n = 198) - - - 0.00 .00 -.03 - - 78757 29 180 .01 262 .01
Difficult (n = 192) - - - 1.80 .01 -14 - - 33527 15 278" .02 0.35 .00
Performance in the free-choice
period (# correct)
Choice 1 = easy (n = 120) 048 .00 -02 000 .00 .09 050 .00 20.83™" .16 0.00 .00 0.06 .00

Choice 2 =medium(n=201) 074 00 -08 022 .00 .06 0.08 .00 54147 22 464" .02 358" .02
Choice 3 = difficult (n = 71) 1.26 .02 19 136 .02 .17 0.59 .01 2.65 .04 250 .04 132 .02

Performance in the free-choice
period (accuracy)
Choice 1 = easy (n = 120) 2.36 02 -16 000 .00 .04 0.01 .00 24.71

*kk

A8 145 01 0.09 .00

*kk

Choice 2 = medium (n=201) 4.10° .02 -20 0.02 .00 .00 0.47 .00 45.60 19 539" .03 0.54 .00

Choice 3 = difficult (n = 71) 0.13 .00 .08 005 .00 .00 0.32 .01 3.94* .06 0.03 .00 458 .07

Note: d = Cohen’s d; “p <.05, ™ p<.01, ™ p<.001, * p <.100; ‘# correct’ = number of items answered correctly; ‘accuracy’ = number of
items answered correctly divided by number of items answered in total.

For performance in the experimental phase, only main effects of instructional style and covariates are reported since difficulty level differed
between instructional style conditions.
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