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CHAPTE R 1

BACKGROU N D A N D A IMS OF T HIS T H E SI S
Attention-Deficit/Hyperactivity Disorder
Attention-Deficit/Hyperactivity Disorder (ADHD) is a highly common childhood
developmental disorder characterized by attentional problems, hyperactivity and
impulsivity, occurring in at least two different situations to a degree that interferes with
daily functioning (American Psychiatric Association, 2013). ADHD has a prevalence
of five percent in children and is two to three times more common in boys than in girls
(Faraone et al., 2015; Willcutt, 2012). The current (5th) edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM) distinguishes between three presentations
(formerly subtypes) of ADHD, representing the predominant symptom pattern: the
predominantly inattentive presentation, the predominantly hyperactive-impulsive
presentation and the combined presentation (American Psychiatric Association, 2013).
The definition ‘presentation’ implies that symptom patterns may change over time.
ADHD shows high persistence into adulthood (estimated prevalence in adulthood is
66-74%), especially for individuals with severe ADHD symptoms in childhood (Faraone
et al., 2015; Karam et al., 2015; Langley et al., 2010; Uchida, Spencer, Faraone, &
Biederman, 2015). Moreover, ADHD has a significant impact on children’s social,
academic functioning and adult occupational outcomes (Barkley, Fischer, Smallish, &
Fletcher, 2006; D. Coghill et al., 2008; Frazier, Youngstrom, Glutting, & Watkins, 2007;
Loe & Feldman, 2007). ADHD is a heterogeneous disorder with large differences in
symptom severity and high comorbidity with externalizing disorders (oppositional
defiant disorder: ODD; conduct disorder: CD) and internalizing disorders including
anxiety and depression (American Psychiatric Association, 2013). Comorbidity with
learning disorders is also high (30%) and often results in worse academic outcomes
than ADHD alone (Faraone et al., 2015; Faraone, Biederman, & Monuteaux, 2001;
Williamson, Murray, Damaraju, Ascher, & Starr, 2014).
Academic Functioning in ADHD
With regard to academic functioning, children with ADHD often experience mild to
severe problems, ranging from slight underperformance to the need for special
education or school dropout (DuPaul, 2007; Frazier et al., 2007; Loe & Feldman, 2007).
The meta-analysis by Frazier et al. (2007) combined 72 studies on academic achievement
in ADHD and showed that academic achievement is lower for students with ADHD
than controls, with medium-to large effects (d=.71). Academic impairments in
individuals with ADHD were most profound on standardized achievement tests for
reading (d=.73) and math (d=.67) but also visible on longer-term outcomes of academic
achievement: For example, individuals with ADHD showed lower grades and fewer

10
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years of education (d=.56) and higher drop-out and grade repetition (d=.49). Higher
effect sizes for standardized achievement tests can be explained by the negative effects
of ADHD on test-taking behaviors (Reaser & Reaser, 2007; Zwart & Kallemeyn, 2001).
However, the impact of ADHD diagnosis on longer-term outcomes imply that the
negative effects of ADHD go beyond negative tests-taking behaviors to actual academic
impairments. More recently, Arnold et al. (2015) synthesized 176 studies reporting on
standardized achievement tests and long-term academic outcomes of individuals with
ADHD. Their results are in line with Frazier et al. (2007), indicating negative effects
of ADHD diagnosis on standardized achievement test (especially math and reading)
and negative effects of ADHD on length of schooling. In addition, results from Arnold
et al. (2015) indicate that ADHD also negatively affects type of schooling (level of
education; the need for remedial teaching or special education). The consequences of
the academic impairments of children with ADHD are severe: Failing to complete high
school, lower job performance and attainment. In addition, and possibly as a result of
these, individuals with ADHD report more social problems and lower quality of life
(Barkley et al., 2006; Coghill et al., 2008; Frazier et al., 2007; Loe & Feldman, 2007).

1

Factors Contributing to Academic Impairments in ADHD
Children with ADHD experience a wide range of problems within the classroom. For
example, children with ADHD show more task-irrelevant behaviors (e.g. fidgeting,
wiggling, daydreaming or oppositional behaviors) related to their inattention and
hyperactivity-impulsivity (DuPaul et al., 2004). Evidence for the negative impact of
ADHD (behavioral) symptoms is especially strong for symptoms of inattention but
also apparent for hyperactivity-impulsivity symptoms (Polderman, Boomsma, Bartels,
Verhulst, & Huizink, 2010). Specifically, inattention symptoms were predictive for
impaired performance on academic achievement tests (math, reading, spelling), were
less likely to graduate from high school and more often failed to continue to college.
Hyperactivity-impulsivity symptoms were also associated with impaired performance
on achievement tests, but also with failure to graduate from high school, less years of
education, lower grades and higher need for special education. Negative effects of
ADHD symptoms were apparent in children as well as adolescents and young adults,
in line with findings from other aggregations of literature (Frazier et al., 2007).
Theoretically, ADHD symptoms and impairments are hypothesized to arise from both
cognitive and motivational deficits. An important causal model of ADHD, the dualpathway model, argues that cognitive and motivational problems of children with
ADHD independently (though separate pathways) impact behavior of these children
(Sonuga-Barke, 2003, 2005). Therefore, in addition to impaired school performance
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due to behavioral symptoms, cognitive and motivational problems of children with
ADHD are likely to contribute to the academic problems of these children. Cognitive
problems of children with ADHD are especially apparent in working memory (verbal
and spatial), attention (including attention variability and vigilance), response
inhibition, planning and processing speed (Faraone et al., 2015; Mullane, Corkum,
Klein, & McLaughlin, 2009a; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).
These cognitive problems result in a variety of problems within the classroom: For
example, impairments in working memory make it difficult for children with ADHD
to remember task instructions and planning deficits result in trouble when week tasks
have to be organized. Due to their attentional problems, children with ADHD find it
difficult to pay attention to a task for a long time. Further, children with ADHD have
trouble awaiting their turn, due to impairments in inhibition. In previous research,
cognitive impairments in children with ADHD have been associated with academic
underperformance: For example, children with ADHD and executive impairments
(including impairments in planning, attention, cognitive flexibility and working
memory) also showed academic impairments (Biederman et al., 2004). These results
were extended by Thorell (2007) who found that executive impairments partly
mediated the effects of ADHD on academic underachievement. In line with this,
Preston and colleagues (2009) also showed that impaired flexibility in attention
contributed to underperformance in school. Furthermore, their results indicate that
impairments in sustained attention negatively affect academic performance. In
addition to these attentional impairments and impairments in executive functions,
lower processing speed in children with ADHD is likely to further impair academic
performance (Mayes & Calhoun, 2007a). However, it is important to realize that,
although cognitive dysfunction plays an important role in the neuropsychology of
ADHD, not all children with ADHD show cognitive impairments (for example, see
Willcutt et al., 2005). Thus, although there is accumulating evidence that cognitive
problems contribute to the academic impairments of children with ADHD, other
factors are likely to contribute as well.
In addition to cognitive impairments, lower motivation for schoolwork may further
contribute to the academic problems of children with ADHD. Intrinsic motivation
for schoolwork is the spontaneous interest, the natural willingness to learn. When a
child is intrinsically motivated, he or she will perform an activity for the inherent
satisfaction of the activity itself. However, especially after early childhood, a large part
of learning becomes at least partly extrinsically motivated meaning that learning
activities are carried out to attain a certain outcome such as a good grade or a
compliment from the teacher, or to avoid punishment in the form of a bad grade or

12
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reprimand (Ryan & Deci, 2000). Intrinsic motivation for schoolwork has been shown
to improve academic performance indirectly, by increasing task engagement and by
improving study stills (DiPerna, Volpe, & Elliott, 2005; Volpe et al., 2006) related to
academic performance. Importantly, previous research has shown that children with
ADHD show lower intrinsic motivation for schoolwork (Carlson, Booth, Shin, & Canu,
2002; Gut, Heckmann, Meyer, Schmid, & Grob, 2012), but that the relation between
this type of motivation and academic performance is stronger in children with ADHD
than in typically developing (TD) controls (Gut et al., 2012). Together, these results
emphasize the importance of intrinsic motivation for schoolwork, especially in children
with ADHD. In addition, performance of children with ADHD is highly dependent
on external motivators such as reward and punishment (Luman, Oosterlaan, &
Sergeant, 2005) and children with ADHD prefer immediate over delayed rewards
(Sonuga-Barke, 2005). Thus, it is likely that children with ADHD are less motivated
to perform a task that is not directly rewarding (academic task often do not include
rewards or these rewards are delayed, e.g. grades, job perspectives). Hence, in addition
to lower intrinsic motivation for schoolwork, children with ADHD are likely to show
altered extrinsic motivation for schoolwork, due to their differential responses to
reward and punishment. Related to this, perceived academic competence (the child’s
beliefs about his or her own capacities and abilities) is theorized to precede intrinsic
motivation (Deci & Ryan, 1985; Harter, 1981; Wigfield & Eccles, 2000), with higher
academic competence increasing intrinsic motivation. Further, perhaps partly due to
this increased intrinsic motivation, perceived academic competence has the potential
to improve academic performance. The relationship between perceived academic
competence and academic is reciprocal, meaning that higher perceived competence
increases academic performance and better performance increases perceived
competence (Guay, Marsh, & Boivin, 2003). As ADHD symptoms show a negative
relationship with perceived academic competence (Scholtens, Rydell, & Yang-Wallentin,
2013), this lower perceived competence is likely to further contribute to the academic
problems of children with ADHD.

1

One way to increase motivation for academic performance is to give incentives.
Incentives within classrooms often take form of feedback but sometimes also include
for example points, stickers or grades. Such incentives have been widely shown to
positively affect achievement and motivation for learning (Hattie & Timperley, 2007;
Shute, 2008). Especially positive feedback (in comparison to negative feedback) can
increase task interest and task persistence (Deci, Koestner, & Ryan, 1999; Fyfe & RittleJohnson, 2017). Motivational strategies such as praise and reward are an important
stimulator within classrooms but feedback frequency in classrooms is low and not
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always optimal (e.g. type of feedback, appropriateness, timing) (Bond, Smith, Baker,
& Hattie, 2000; Hattie & Timperley, 2007).
Theoretical models of ADHD (Luman et al., 2005; Tripp & Wickens, 2009) suggest
that children with ADHD show impairments in learning from feedback. These
models are confirmed by data studies showing impaired accuracy on feedback learning
tasks in children with ADHD (Groen et al., 2008; Luman, Van Meel, Oosterlaan,
Sergeant, & Geurts, 2009), although not all studies confirm this (Luman, Goos, &
Oosterlaan, 2015). However, studies on feedback learning in ADHD often use highly
standardized laboratory tasks, which limit the generalizability of their results to
classroom settings.
Stimulant Treatment for ADHD
The most commonly prescribed treatment for ADHD is stimulant medication. Evidence
for the effectiveness of stimulant medication in reducing ADHD symptoms is robust
with effect sizes (SMD) ranging from 0.5 to 1.83 (Antshel et al., 2011; Faraone,
Biederman, Spencer, 2006; MTA-group, 1999b; Van der Oord, Prins, Oosterlaan, &
Emmelkamp, 2008). Stimulants (methylphenidate and amphetamines) have been
shown to be more effective than non-stimulants (atomoxetine, guanfacine and
clonidine) in reducing ADHD symptoms, although responsiveness differs between
individuals. Methylphenidate (MPH) is the most commonly prescribed stimulant for
ADHD treatment (Faraone, Biederman, Spencer, 2006; Faraone et al., 2015). MPH is
prescribed in immediate-release formulations and long-acting oral formulations, with
the latter resulting in more constant blood plasma levels during the day and thus fewer
rebound effects. Less regularly prescribed are transdermal MPH patches. Although
the working mechanism of MPH is not fully clear, MPH has been shown to increase
the availability of dopamine in the fronto-striatal areas of the brain by blocking
dopamine and noradrenaline transporters (Pliszka, 2005; Seeman & Madras, 1998;
Volkow et al., 2001; Volkow et al., 1998). As ADHD has been associated with low phasic
dopamine and reduced neural activity in the fronto-striatal pathways (Tripp & Wickens,
2008), increases in availability of dopamine in these pathways most likely result in
reduced ADHD symptoms (Dougherty et al., 1999; Tripp & Wickens, 2009; N D
Volkow, Wang, Fowler, & Ding, 2005).
Academic Improvements with Methylphenidate
One of the primary reasons for parents and teachers to seek professional help and start
medication treatment is malfunctioning in school (Wright et al., 2015). Besides robust
improvements in behavior, MPH-related improvements in cognitive functions have
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been widely reported (Coghill, Seth, et al., 2014; Pietrzak, Mollica, Maruff, & Snyder,
2006). Because of these behavioral and cognitive improvements, positive effects of
stimulants of academic performance are often assumed. Several reviews (Aman, 1980;
Barkley, 1977; R. Barkley, Varley, & Nolan, 1978; Schachar & Tannock, 1993) and a
meta-analysis (Prasad et al., 2013) have addressed this issue: Although the (older)
reviews provide little evidence for positive effects of MPH on academic performance
(Aman, 1980; Barkley, 1977; Barkley et al., 1978; Schachar & Tannock, 1993) a more
recent meta-analysis (Prasad et al., 2013) demonstrated 9.7-14.4% improvements with
medication compared to placebo in seatwork productivity (number of assignments
completed) and on-task behavior (amount of time actively spend on seatwork).
However, evidence for effects of stimulant medication on longer-term academic
outcomes (e.g. grades, length and duration of education, the need for special education)
is scarce and effect sizes are small which questions the clinical significance of these
results (Arnold et al., 2015; Langberg & Becker, 2012). Although longer-term academic
outcomes may be more ecologically valid than standardized achievement tests, for
those long-term outcomes, the use of randomized controlled trials (RCTs) is unethical
and therefore, evidence is likely to be confounded by placebo-effects and poor
medication adherence. Therefore, much research on medication efficacy focusses on
immediate effects of medication on academic performance.

1

However, neither of these studies distinguished between different academic subjects
(e.g. math, reading, spelling) while recent evidence indicates that medication efficacy
differs between academic subjects, with larger effects for math than for reading (Murray
et al., 2011). Moreover, although MPH improved seatwork productivity and on-task
behavior, the pooled effect of MPH on the quality of academic performance (academic
accuracy) was not significant and the number of studies reporting this was limited
(Prasad et al., 2013). Thus, it remains unclear whether MPH improves core academic
skills or just results in increased academic productivity without improving the quality
of the work. The aim of this thesis is to investigate the effects of MPH on academic
performance and learning. To this end, the first part of this thesis intends to quantify
the effects of MPH on academic performance on productivity and accuracy while
distinguishing between the core academic subjects (math, reading and spelling).
Further, as feedback in academic contexts is considered crucial to improve knowledge,
skill acquisition and academic motivation (Shute, 2008), an additional aim of this thesis
is to quantify the effects of MPH on feedback learning an relate these findings to actual
classroom performance.

15

201830 Anne Fleur_binnenwerk_3.indd 15

01-07-18 14:34

CHAPTE R 1

Mechanism behind MPH-related Improvements in Academic Performance
To better understand how and why MPH improves academic performance, and why
it’s effects may be very specific (e.g. more evidence for MPH-related improvements in
productivity compared to accuracy), it is important to study the mechanism behind
these improvements. For example, improvements in academic productivity are often
accompanied by large teacher-rated improvements in classroom behavior (Baweja,
Mattison, & Waxmonsky, 2015). It is likely that these behavioral improvements partly
mediate the positive effects of MPH on academic performance. However, only one
study reported on a mediating effect of on-task behavior on the relationship between
MPH and academic performance (Froehlich et al., 2014). Yet, it is likely that besides
on-task behavior, other MPH-related behavioral improvements mediate the effects of
this stimulant on academic performance.
Further, MPH positively affects the cognitive abilities of children with ADHD, with
small to medium effect sizes for working memory and response inhibition and large
effect sizes for attentional measures (Coghill et al., 2014; Pietrzak et al., 2006), all
abilities on which subgroups of children with ADHD show deficits (Faraone et al.,
2015; E. G. Willcutt et al., 2005). Several studies reported MPH-related improvements
on both cognition and academic performance (Murray et al., 2011; S B Wigal, Gupta,
Heverin, & Starr, 2011), but none of these studied the mediating role of cognition on
MPH-effects. As previous research implicates these cognitive functions as important
for academic performance (Biederman et al., 2004; Mayes & Calhoun, 2007b; Preston
et al., 2009; Thorell, 2007), it is plausible that MPH-related improvements in cognition
explain part of the relation between MPH and academic performance.
Moreover, as children with ADHD show decreased motivation for schoolwork, altered
sensitivity to feedback and reward, and lower self-perceived competence (Carlson,
Booth, Shin, & Canu, 2002; Groen et al., 2008; Luman, Oosterlaan, & Sergeant, 2005;
Luman, Van Meel, Oosterlaan, Sergeant, & Geurts, 2009; Scholtens, Rydell, & YangWallentin, 2013), motivational impairments are likely to further contribute to academic
underperformance of children with ADHD. Moreover, MPH-related improvements
in motivation are probable because stimulant medication affects dopamine-based brain
networks, including the ventral striatum, which is active during reward processing
(Volkow et al., 2004). Activity in these networks improves motivation to perform (Shiels
et al., 2009; Swanson et al., 2004), which makes it likely that MPH improves aspects of
academic motivation in children with ADHD.

16
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Taken together, both from a theoretical perspective and from empirical studies, it is
hypothesized that the mechanism behind medication efficacy in improving academic
performance can be explained by (1) behavioral improvements; (2) cognitive
improvements, and (3) increases in motivation and perceived competence, see Figure
1.1. Therefore, this thesis aims to unravel the mechanism behind MPH-effects on
academic performance, thereby distinguishing between measures of academic effort
(productivity) and qualitative improvements in academic performance (accuracy).

1

Figure 1.1
Proposed model for the mechanism by which stimulant medication may improve academic performance in
children with ADHD

AIM S AND OUT LI N E OF T HIS T HESI S
This Thesis
The main aim of this thesis is to investigate the effects of MPH on academic performance
and learning. To this end, we formulated three study-aims: (1) To quantify the effects
of MPH on academic performance assessed in terms of both productivity and accuracy
while distinguishing between the core academic subjects (math, reading and spelling);
(2) To unravel this mechanism behind MPH-effects on academic performance, thereby
distinguishing between measures of academic effort (productivity) and qualitative
improvements in academic performance (accuracy); (3) To quantify the effects of MPH
on feedback learning in children with ADHD and the interaction between MPH and
reward on math performance in children with ADHD.

17
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This thesis is composed of three parts: (meta-analysis (part I), RCT (part II) and
experimental studies (part III)). In part I we aggregated and quantified previous
research on the immediate effects of MPH on academic accuracy and productivity for
different core academic subjects (1st aim of this thesis) using meta-analysis (Chapter
2). In this chapter we pooled the results from 34 studies 34 studies published between
1980 and 2017. Further, this chapter presents an exploration of the mediating effects
of improvements in ADHD symptoms on MPH-related effects on academic
performance in ADHD (2nd aim of this thesis) and the possible moderating effects of
demographic and disorder related variables (e.g. age, ADHD severity) and study
characteristics (e.g. dosage, study duration).
Part II of this thesis aims to add to existing literature by investigating the impact of
MPH on academic performance in children with ADHD using a randomized doubleblind placebo-controlled cross-over design assessing MPH-effects on well validated
and reliable academic outcomes (1st aim of this thesis). Moreover, the studies described
in this part aim to elucidate the mechanisms behind the direct effects of MPH on
academic performance (2nd aim of this thesis). Chapter 3 describes a comparison
between ADHD and TD groups in performance on math, reading and spelling tasks
and the direct effects of MPH on these academic measures in the ADHD group. In
addition, this chapter investigates the possible mediating effect of parent-rated ADHD
symptom reductions on MPH-related improvements in academic performance.
Furthermore the possible moderating effect of mathematical ability on the effects of
MPH on academic performance were studied. Chapter 4 extends these findings by
exploring the possible mediating role of MPH-related improvements in cognitive
functioning, academic motivation (intrinsic and extrinsic) and perceived academic
competence on the effects of MPH on math performance. Figure 1.2 further specifies
the model proposed in Figure 1.1 and depicts the expected mediating effects.
Part III of this thesis comprises two experimental studies investigating the impact of
motivation and MPH on feedback learning and math performance (3rd aim of this
thesis): Chapter 5 describes effects of MPH on the ability to learn novel stimulusreward associations in children with ADHD and controls, to generalize this knowledge
to novel stimulus-pairs and the ability to adjust performance to changes in reinforcement
schedule (reversal learning), using a reinforcement learning task. Chapter 6 describes
a study further investigating motivated learning in a more academic context. This
chapter describes the interaction between MPH treatment and motivational strategies
(the effect of positive feedback and reward) on math performance in children with
ADHD. Secondly, this chapter describes the validation of a newly developed math task

18
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1

Figure 1.2
Specification of the proposed mechanism behind MPH-related improvements in academic performance: Firstly,
it was hypothesized that treatment with MPH would result in reduced ADHD symptoms, which would increase
academic productivity. Secondly, MPH-related improvements in cognition were hypothesize to improve both
academic productivity (i.e. by improving attention and processing speed and by increasing interference control)
and academic accuracy (i.e. by improving working memory, attention and by increasing interference control).
Thirdly, MPH-related improvements in intrinsic and extrinsic motivation for schoolwork as well as MPH-related
increases in self-perceived competence were hypothesized to increase academic productivity.

which measures the ability to profit from reward and ecologically valid, positive
feedback on a math (addition) task.
Finally, Chapter 7 will provide the general summary and discussion of the findings.
The aim of this chapter is to integrate findings of the studies presented in this thesis
towards a better understanding of MPH effects on academic functioning. In this
chapter, the results will be integrated and reviewed, strengths and limitations of the
current thesis will be discussed. Specifically, clinical implications for treating
physicians, parents and teachers will be discussed and future research avenues will be
proposed.
RCT Design
In the studies described in Chapter 3 to 6, we compared a group of 63 children with
ADHD with 67 TD children. Children were recruited between 2012 and 2014 through

19
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Specification of randomized controlled trial (RCT) to asses het effects of MPH on academic performance, behavior, cognition, motivation, perceived competence and
feedback learning described in chapters 3, 4, 5 and 6.

CHAPTE R 1
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four mental health clinics in the Netherlands, the Dutch parent association for children
with developmental problems, and the study’s website. Eligible participants were Dutchspeaking children, aged between 8 and 13 years, with a primary clinical DSM-IV-TR
diagnosis of ADHD, an estimated IQ>70, and no diagnosis of autism spectrum disorder
or neurological disorders. TD children were recruited in the same period through
primary schools throughout the Netherlands. Inclusion criteria for the TD group were
comparable to those in the ADHD group, except for the absence of a diagnosis of
ADHD.

1

The direct effects of long-acting MPH (Equasym XL®) on academic performance were
compared to placebo using a randomized double-blind placebo-controlled cross-over
design. Equasym XL ® has an 8-hr duration of action with a 30% component of
immediate release and a 70% component of extended release 4-5 hours after dosing
(Banaschewski et al., 2006). Children were included after successful titration by their
treating physician. Treatment duration was seven days with a 48 hour washout before
and in between the treatment weeks. Figure 1.3 shows the set-up for the RCT and
experimental studies described in Chapters 5 and 6.
Academic functioning was assessed using a set of standardized tests for math, reading
and spelling, as well as actual classroom tasks (mathematical word problems developed
by the Dutch pupil monitoring system). Behavioral functioning was assessed with
parent- and teacher questionnaires. Cognition was assessed using a battery of (partly
computerized) tests for intelligence, attention, working memory and interference
control. Motivation and perceived academic competence were measured with self-,
parent- and teacher questionnaires. Feedback processing and motivation for math
was assessed with a standardized task and a newly developed math task which relates
closely to actual math-performance feedback learning within primary school
classrooms. Table 1.1 gives an overview of all dependent variables.

21
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Table 1.1 Overview of dependent variables
Category

Variable

Test / Questionnaire

Academic
performance

Math productivity (automatization task)
Math accuracy
(automatization task)
Math productivity
(word problems)
Math accuracy
(word problems)
Reading accuracy
(technical reading)
Reading productivity
(technical reading)
Spelling accuracy

Speeded Arithmetic Test (De Vos, 1992)
Speeded Arithmetic Test

Parent-rated ADHD symptoms

SWAN Rating Scale-Parent
(Swanson et al., 1994)
SWAN Rating Scale-Teacher
(Swanson et al., 1994)

Behavior

Teacher-rated ADHD symptoms

Math Word Problems
(Janssen, Verhelst, Engelen, & Scheltens, 2010)
Math Word Problems
One Minute Reading Test
(Brus & Voeten, 1999)
One Minute Reading Test
PI Dictation (Geelhoed & Reitsma, 2004)

Cognition

Verbal working memory performance

Motivation and
competence

Intrinsic motivation for school
Intrinsic motivation for math
Intrinsic motivation for reading
Reward responsivity
Sensitivity to punishment
Self-perceived competence

CAIMI (Gottfried, 1986; Gottfried, 1985)
CAIMI
CAIMI
SPSRQ-C (Colder & O’Connor, 2004)
SPSRQ-C
SPPC-Child (Veerman, Straathof, Treffers,
van den Bergh, & ten Brink, 2004)

Parent-rated self-perceived competence
Teacher-rated self-perceived competence

SPPC-Parent
SPPC-Teacher

Digit Span backward WISC-III
(Wechsler, 2005)
Visuospatial working memory performance Visuospatial WM Task (Nutley, Söderqvist,
Bryde, Humphreys, & Klingberg, 2009)
Reaction time (RT) speed
Flanker task (modified version, Fan,
McCandliss, Sommer, Raz, & Posner, 2002)
Lapses of attention
Flanker task (as for RT speed)
Interference control
Flanker task (as for RT speed)

Note. ADHD: Attention-Deficit/Hyperactivity Disorder; SWAN: Strength and Weakness of ADHD-symptoms
and Normal Behavior Rating Scale; WISC-III: Wechsler Intelligence Scale for Children; WM: working memory;
CAIMI: Children’s Academic Intrinsic Motivation Inventory; SPSRQ-C: Sensitivity to Punishment and Sensitivity
to Reward Questionnaire for Children; SPPC: Self Perception Profile for Children.
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ABSTRACT
Background
Academic improvement is amongst the most common treatment targets when
prescribing stimulants to children with ADHD. Previous reviews on stimulant-related
academic improvements are inconclusive and focus on task-engagement. Recent
literature suggests outcome-domain specific medication effects that are larger for
productivity than for accuracy.
Aims
Quantifying methylphenidate effects on academic productivity and accuracy for math,
reading, spelling; exploring the mediating or moderating effects of symptomimprovements; demographic-, design- and disorder-related variables.
Method
PubMed, EMBASE, ERIC and PsycINFO were searched for articles reporting
methylphenidate effects on academic productivity and accuracy.
Results
Thirty-four studies met entry criteria. Methylphenidate improved math productivity
(7.8% increase, p<.001); math accuracy (3.0% increase, p=.001); increased reading
speed (SMD .47, p<.001) but not reading accuracy. None of the mediators or moderators
tested affected methylphenidate efficacy.
Conclusions
Academic improvements were small compared to symptom-improvements; qualitative
changes limited to math. Clinicians should take this discrepancy into account when
prescribing medication for ADHD.
Keywords: ADHD, Methylphenidate, Academic, Math, Reading, Meta-analysis
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INTRODUC T ION
The neuro-developmental disorder Attention-Deficit Hyperactivity Disorder (ADHD),
is characterized by inattention, hyperactivity and impulsivity (American Psychiatric
Association, 2013). These symptoms are associated with academic problems such as
lower grades, grade repetition and increased school drop-out (Barry, Lyman, & Klinger,
2002; G. J. DuPaul, 2007; Frazier et al., 2007; Polderman et al., 2010). Academic
improvement is a common treatment target for children with ADHD with stimulant
medication being the most commonly prescribed treatment (Wright et al., 2015).
Stimulants are clinically effective in reducing ADHD symptoms in the short- and
medium-term (MTA-group, 1999a; Van der Oord et al., 2008). Moreover, there is
evidence that its’ benefits extend to improvements in cognition relevant for academic
performance (Coghill, Seth, et al., 2014).

2

In the past, there have been several reviews of the effects of stimulant medication on
academic performance (Aman, 1980; Arnold et al., 2015; Barkley, 1977; Barkley et al.,
1978; Langberg & Becker, 2012; Prasad et al., 2013; Schachar & Tannock, 1993). These
reviews report little evidence for positive effects (Aman, 1980; Barkley, 1977; Barkley
et al., 1978; Schachar & Tannock, 1993). However, the first meta-analysis (Prasad et
al., 2013), demonstrated 9.7-14.4% (p<.001) improvements with stimulant medication
compared to placebo in seatwork productivity (number of assignments completed)
and on-task behavior (amount of time actively spend on seatwork). However, the effect
of stimulant medication on the quality of academic performance (academic accuracy)
was less clear-cut: In one analysis, only a third of the studies reviewed reported effects
of medication on academic accuracy and the pooled effect was not significant (Prasad
et al., 2013).
The existing reviews (Aman, 1980; Arnold et al., 2015; Barkley, 1977; Barkley et al.,
1978; Langberg & Becker, 2012; Prasad et al., 2013; Schachar, & Tannock, 1993) and
meta-analysis by Prasad et al. (2013) have a number of limitations. Firstly, because the
negative association between ADHD-symptoms and both reading and math is stronger
than the association between ADHD-symptoms and spelling (Frazier et al., 2007) and
there is evidence from recent medication trials that medication efficacy differs between
academic subjects (Kortekaas-Rijlaarsdam, Luman, Sonuga-Barke, Bet, & Oosterlaan,
2017b; Murray et al., 2011), it is important to independently assess the effects of
medication on different academic subjects. The meta-analytic results of Prasad and
colleagues (2013) only applied to seatwork assigned by participant’s teachers
(independent of the academic subject) and therefore tell us little about the possible
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differential effects of stimulants on specific academic subjects. Secondly, Prasad and
colleagues reported on the number of items correct, a measure that might be
confounded by the number of items attempted (task productivity), rather than
percentage correct. Therefore, improvements in items completed correctly, may merely
reflect increased productivity. It is thus important to distinguish between improvements
in accuracy and productivity, especially because long-term studies suggest that
improvements in test scores with medication are often not accompanied by
improvements in longer-term academic outcomes, such as grades and grade repetition
(Arnold et al., 2015; Langberg & Becker, 2012).
Ultimately, prior reviews have not resolved the key question of whether there are
improvements in core academic skills or just improvements in academic productivity.
Here we conducted a meta-analysis to address this issue. Our meta-analysis improved
upon previous work in several aspects. First, in contrast to the previous reviews, we
quantified both accuracy and productivity while distinguishing between the core
academic subjects (math, reading and spelling). Secondly, we added six years of
literature to the prior meta-analysis (Prasad et al., 2013), which more than doubled the
number of studies included. Thirdly, these more recent studies allowed for exploration
of the moderating effects of demographic and disorder related variables (age, gender,
ADHD subtype and severity, and commonly reported comorbidity with oppositional
defiant disorder, conduct disorder and learning disorders) and study characteristics
(medication release system, dosage, titration method, time of measurement [i.e., hours
after intake] and trial duration) on medication efficacy. Fourthly, we followed up on
recent studies suggesting that academic improvements due to stimulant medication
were partly mediated by behavioral improvements (Froehlich et al., 2014; KortekaasRijlaarsdam et al., 2017b). Therefore, the current meta-analysis included symptom
improvements and on-task behavior (% time on task) as potential mediators in the
analyses.

M ETHODS
This systematic review conformed to PRISMA (Moher, Liberati, Tetzlaff, & Altman, 2009).
Study Selection
We included studies published in the English language in peer-reviewed journals that:
(1) evaluated the effects of stimulant medication on academic functioning; (2) included
mostly (at least 80% of the sample) primary school children (male and female) with a
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primary diagnosis of ADHD (established using the DSM-III, DSM-III-Revised [DSMIII-R] or DSM-IV/DSM-IV-Text Revisions [DSM-IV-TR] or ICD-10 criteria); (3)
evaluated the effects of methylphenidate (MPH) (immediate or extended release
formulations or transdermal) on standardized achievement tests for math, reading or
spelling; and (4) used a placebo-controlled crossover design or between-subjects design.
This review focused on primary school children as it is at this age that school teachers,
concerned about academic performance, often drive the referral process, advising
parents to seek help for their children’s ADHD. Further, there is a big difference in
medication use in primary school age students and high school students (e.g. noncompliance rates are much higher in high school, see for example (Thiruchelvam,
Charach, & Schachar, 2001)). The computerized databases PubMed, EMBASE, ERIC
and PsycINFO were used to identify relevant studies up to October 2017. The following
search terms and all possible equivalents were used to search article title and abstract:
(1) disorder terms: e.g., ‘ADHD’; (2) treatment terms: e.g., ‘methylphenidate’, including
all brand names; (3) outcome terms: e.g., ‘academic’, ‘school’, ‘classroom’, ‘math’, ‘reading’,
‘spelling’, ‘writing’, ‘on-task’, ‘off-task’. In case of missing or incomplete data, authors
were contacted twice for additional data. When data were presented in graphs only,
we used GetData Graph Digitizer version 2.26 (“GetData Graph Digitizer,” 2013) to
extract the exact numbers, which was done successfully for one study (Pelham et al.,
2001). In cases where multiple articles were based on the same sample, we selected the
original, most comprehensive report on that study, resulting in the exclusion of four
studies (Armstrong et al., 2012; Forness, Swanson, Cantwell, Youpa, & Hanna, 1992;
Forness, Swanson, Cantwell, Guthrie, & Sena, 1992; Williamson et al., 2014) as these
data were originally described elsewhere (Forness, Cantwell, Swanson, Hanna, & Youpa,
1991; Murray et al., 2011; Wigal, Gupta, et al., 2011). See Figure 2.1 for a flow diagram
of the meta-analytic search and study selection. The first author (AK) and a second
independent investigator reviewed titles and abstract for eligibility. Full texts were also
reviewed by the first author as well as by an independent investigator. A third
independent investigator conciliated discrepancies. Reference lists of included articles
were searched for additional articles meeting the inclusion criteria.

2

A total of 3084 records was identified corresponding to 2594 unique articles. Thirtyfour articles met the inclusion criteria for meta-analysis (Fig. 2.1). Study characteristics,
including design, medication titration, dependent variables, mediators and moderators
obtained from each study are displayed in supplementary material Table E1.
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Figure 2.1
Flow diagram of the meta-analytic search and study selection

Measures and Data Extraction
Table E2.2 in supplementary material gives an overview of tasks and questionnaires
used to assess academic outcomes, an overview of the selected mediator and moderator
variables, as well as the measures derived from the academic tasks.
Academic outcomes
Articles were included if they provided information about either accuracy or
productivity scores for math, reading or spelling, or a combination of these. When
mean accuracy and productivity scores were not reported as dependent variables, they
were calculated by hand. Accuracy was calculated by dividing the mean number correct
responses by the mean number items completed. Productivity was calculated by
dividing the mean number of items completed by the total number of items.
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Math and reading tasks were always speeded tasks requiring participants to complete
as many items in a limited amount of time. Math tasks always consisted of simple math
problems (addition, subtraction, multiplication and division) generally presented in
ascending order of difficulty over a fixed period of time. Reading tasks consisted of a
short passage text followed by multiple choice questions. Reading paragraphs were
adapted to the student’s reading level. Meta-analyses were performed for math accuracy,
math productivity, reading accuracy and reading number attempted. The latter was
chosen as an outcome because reading productivity could not be calculated as the total
number of reading items differed per study and was not reported in combination with
reading number attempted. Reading number attempted is an informative measure as
the included studies used identical tasks and time limits. Spelling was measured by
spelling lists assigned by teachers or taken from local school district lists. Only two out
of three studies from our search reported spelling accuracy (Douglas, Barr, O’Neill, &
Britton, 1986; Pelham, Bender, & Caddell, 1985), the third study only reported
standardized means related to baseline scores (Bental & Tirosh, 2008). As only two
studies met inclusion criteria and minimum number of studies to perform a metaanalysis is three (Borenstein, Hedges, Higgins, & Rothstein, 2009) we limited our
analysis to a narrative description and qualitative synthesis.

2

Mediators
ADHD symptom improvements were included as mediators if means and standard
deviations were available. Because the number of studies reporting on parent-rated
symptom improvements or on-task behavior were limited (n=2 and n=8, respectively)
and at least ten studies are recommended for reliable meta-regression (Borenstein et al.,
2009), we only included teacher-rated symptom improvements in our mediator analysis
and performed meta-regression for math accuracy (n=17) and math productivity (n=11).
Teacher-rated symptom improvements were measured with standardized questionnaires,
which were either derivatives from the Conners Rating Scale (Loney & Milich, 1982),
the Strength and Weakness of ADHD-symptoms and Normal Behavior (SWAN) rating
scale (Hay, Bennett, Levy, Sergeant, & Swanson, 2007; James Swanson et al., 1994) or the
Swanson, Kotkin, Agler, M-Flynn, and Pelham (SKAMP) rating scale. SKAMP ratings
show high correlations (r = .50 - .84) with Conners ratings scales (Wigal, Gupta, Guinta,
& Swanson, 1998). Supplementary material Table E2.2 gives an overview of all
questionnaires used in the studies included in this meta-analysis. Reliability and validity
of all questionnaires used has been established (Conners, 1997; Wigal et al., 1998). Scores
were standardized (mean difference between conditions divided by SD of the placebo
condition) for inclusion in the meta-regression. Mediators were investigated using metaregression, using difference scores (MPH minus placebo).
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Moderators
Because the number of studies was limited and at least ten studies are recommended
for reliable meta-regression (Borenstein et al., 2009), we performed meta-regression
analyses only for math outcomes. For math accuracy we tested the following moderators:
(1) Demographic moderators age (year); gender (percent male); (2) disorder related
moderators percent children diagnosed with ADHD-Inattentive subtype; percent
diagnosed with comorbid ODD or CD; parent-rated ADHD severity (standardized
[mean divided by SD] baseline ADHD symptom ratings on standardized questionnaires,
for an overview of questionnaires used to assess severity of ADHD symptoms, see
supplementary material Table E2.2), and (3) study characteristics including release
system (immediate versus extended release, the latter including transdermal); duration
of the study conditions (days); time of measurement (post-dose, in hours); medication
dosage (mg); titration method (clinical titration versus fixed dosages). For math
productivity we tested demographic and disorder related moderators: age, gender,
percent diagnosed with ADHD-Inattentive subtype, and study characteristics: release
system, trial duration, and titration method. Insufficient number of studies reported
on comorbid learning disorders. In case of doubt, authors were contacted.
Moderators were explored using meta-regression between the study samples’ effect
sizes for academic performance and the selected moderators. Mediator and moderator
effects were studied separately for math accuracy and math productivity using metaregression with a random model (method of moments) (Borenstein et al., 2009).
Statistical Analysis
Statistical analyses were performed using SPSS version 21.0 (IBM, 2012) and
Comprehensive Meta-Analysis software V3.0 (Borenstein, 2014). Because accuracy
and productivity measures are proportional measures that require effect sizes for binary
data (Borenstein et al., 2009), risk differences (MPH minus placebo) were calculated.
The standard errors of the risk difference were calculated (Twisk, 2010) because
included articles commonly reported on the number correct and the number completed
and therefore the reported p-values and standard deviations were not applicable to the
calculated risk differences. Effect sizes were calculated for math accuracy, math
productivity, reading accuracy and reading number attempted. In supplementary
material Table E2.1, we provide a narrative description of the studies reporting on
spelling. The derived effect sizes were weighted by their inverse variance to account
for differences in sample size and error of measurement (Borenstein et al., 2009). As
heterogeneity may have been introduced by using data from studies with different
designs (i.e. differences in treatment duration, dosages) and different participants (e.g.
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differences in comorbidity), all meta-analytic effect sizes were calculated using a
random effects model. The I2 statistic was used to assess heterogeneity of effect sizes,
where values of 25%, 50% and 75% indicate low, moderate and high heterogeneity,
respectively (Higgins, Thompson, Deeks, & Altman, 2003).
Rosenthal’s fail-safe n was calculated to determine the number of studies with a null
effect necessary to cancel out significant effect sizes, where fail-safe n values >5k + 10
were considered robust and k refers to the number of samples on which the relevant
effect size was calculated (Rosenthal, 1995). Further, Egger funnel plot asymmetry was
used to assess publication bias (Egger, Smith, Schneider, & Minder, 1997). Associations
between effect size and sample size were investigated to assess the possibility that
studies with small samples and large effect sizes were more easily published than studies
reporting non-significant findings. All tests of significance were two-sided with α =
.05. Risk of bias was estimated for each study based on Cochrane guidelines (Higgins
& Green, 2011).

2

RESULT S
A combined total of 1777 children from 34 different studies was included in the metaanalyses. Another 425 children from seven studies were included in the qualitative
synthesis because results were either reported in figures only or exact values were not
reported, including six studies on math performance and three studies on spelling
accuracy. Table E2.1 provides an overview of which studies qualified for meta-analysis
and gives a narrative description of the results of those studies that did not qualify.
Meta-analyses were conducted for math accuracy (29 studies, N=1528) and math
productivity (17 studies, N=912). For reading, meta-analyses were conducted for
reading accuracy (nine studies, N=207) and number of items attempted (five studies,
N=100). Most studies (88.2%) used a placebo-controlled crossover design. Four studies
(11.8%) used a between-subject design. In 73.5% of the studies, medication dosage was
clinically titrated on symptom improvement before start of the trial. In the other 26.5%
of the studies, dosages were fixed. When multiple dosages were used in randomized
order, we included results from the dosage showing greatest effects on academic
outcomes to optimize MPH-efficacy (please see Table E2.1 for details). While all studies
predominantly involved primary school children, one study also included children
from middle school (aged 12-16, 16.5%).
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Effects MPH on Academic Performance
Table 2.1 provides an overview of all meta-analytic results, heterogeneity statistics and
the results of the publication bias analyses.
Math
The meta-analytic results showed that MPH significantly improved math accuracy by
3.0% (p=.001) and math productivity by 7.8% (p<.001), see Figure 2.2 and Figure 2.3,
respectively. Results from the four studies not qualifying for meta-analysis and reviewed
in our qualitative synthesis (see Table E2.1) corroborate our meta-analytic findings.
Reading
For reading, meta-analytic results showed that improvements in accuracy with MPH
were not significant (improved by 6.2%, p=.089), see Figure 2.4. In contrast, MPH
increased the number of reading items attempted (d=.47, p<.001), see Figure 2.5.
Spelling
The results from our qualitative synthesis were inconclusive with only one out of three
studies reporting significant improvements in spelling with MPH compared to placebo,
see Table E2.1.
All effect sizes reflecting the effects of MPH on math and reading performance showed
low heterogeneity, see Table 2.1.

Table 2.1 Meta-analytic results for the effects of MPH on academic performance
Meta-analytic effect size
k
Math accuracy

ES

95% CI

P

Heterogeneity
Q(df)

I2,%

Publication bias
P

Fs N P(EF) 95% CI (EF) P(N) P(RB)

29 .030 .012, .048 .001

0

9.601(28) 1.00

59

.04

.0036, 1.0021 .97

.29

Math productivity 17 .078 .043, .112 <.001

0

2.855(16) 1.00

66

.20

-.2130, .9525

.91

.44

Reading accuracy

9 .062 -.009, .134 .089

0

1.389(8) .994

0

.35

-.7168, 1.7524 .77

.99

Reading attempted 5 .470 .302, .637 <.001

0

0.597(4) .963

34

.16

-.7057, 2.6173 .73

.79

Note. MPH, methylphenidate; k, number of studies; ES, effect size (risk difference for math accuracy, math
productivity and reading accuracy, Cohen’s d for reading attempted); CI, confidence interval; Fs N, fail-safe n;
P(EF), P value of Egger funnel plot asymmetry; P(N), P value of the relation between sample size and effect size,
P(RB), P value of the relation between risk of bias and effect size.
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2

Figure 2.2
Forest plot of the effects of MPH on math accuracy

Publication Bias
Inspection of Egger funnel plots for publication bias indicated no asymmetry for math
productivity, reading accuracy and reading attempted. Egger’s test was significant for
math accuracy indicating a risk for publication bias. Fail-safe n values indicated that
the effects of MPH on math accuracy, math productivity and reading attempted were
quite robust, whereas the effect of MPH on reading accuracy was not robust (Table 1).
There was no significant relation between sample size and effect size for any of the
dependent variables entered in the meta-analysis. Therefore, it is unlikely that
publication bias meaningfully influenced results, with the exception of MPH effects
on reading accuracy. Risk of bias of individual studies according to the Cochrane index
for cross-over trials was generally low, for details see supplementary Table E2.3.
Mediation and Moderation
None of the potential mediators or moderators significantly interacted with the effects
of MPH on math accuracy or productivity (all ps>.09). Supplementary Table E2.4
reports on the number of studies included in the meta-regression, Z-values, 95% CI
and p-values.
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Figure 2.3
Forest plot of the effects of MPH on math productivity

Figure 2.4
Forest plot of the effects of MPH on reading accuracy
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2
Figure 2.5
Forest plot of the effects of MPH on reading number attempted

DISCUSS I ON
The current meta-analysis and systematic review summarized more than three decades
of research on the effects of MPH on academic performance in ADHD. Our analysis
particularly focused on the question whether MPH improves academic accuracy or
just academic productivity.
There were small to medium sized, positive effects of MPH on math accuracy, math
productivity and reading accuracy. Math accuracy increased by 3.0%, whereas math
productivity increased by 7.8%. MPH did not improve reading accuracy, but did
improve the number of items attempted in reading (medium effect). Results from our
qualitative synthesis regarding math performance corroborated the findings from our
meta-analyses. The qualitative synthesis of the studies reporting on spelling accuracy
was inconclusive and more studies on this topic are needed. Our main results underline
the importance of assessing a full range of outcome measures (accuracy and
productivity) and different academic subjects when studying the effects of MPH on
academic performance. Moreover, these results underline the contrast between the
large symptom improvements obtained with MPH and the small to medium sized
improvements in school performance – with improvements are restricted to certain
academic subjects, and are small or absent for measures of accuracy.
However, it is important to realize that the short-term tests of academic performance
used in the studies analyzed, are sensitive to potential longer-term benefits of MPH. Thus,
it may be that although positive effects of MPH on academic accuracy are small or absent
on the short term, MPH-related behavioral improvements and increased productivity
may result in long term better school performance. Currently, evidence for long term
effects of MPH on academic performance is lacking (Langberg & Becker, 2012) but
cannot be ruled out because of methodological issues (i.e. the lack of long term RCTs).
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None of our mediators or moderators influenced MPH effects on math and reading
accuracy or productivity. This may be because most variance is due to random error
as indicated by the low I2 values obtained in our meta-analyses (Borenstein et al., 2009).
However, as there is large uncertainty (large confidence intervals) in heterogeneity
estimates such as I2, we deemed our meta-regression relevant (Ioannidis, Patsopoulos,
& Evangelou, 2007). In particular, we hypothesized that teacher-rated symptom
improvements would mediate MPH-effects on academic performance, but the results
from our meta-analysis did not confirm this hypothesis for MPH-effects on math
accuracy. Unfortunately, the number of studies reporting on teacher-rated symptom
improvements and math productivity as well as reading was insufficient for metaregression. Further, most studies reporting on on-task behavior and academic
performance measures, indicate simultaneous improvements on both, with
improvements in on-task behavior ranging from 2.9% to 12.0% ( Barkley, Fischer,
Newby, & Breen, 1988; Carlson, Pelham Jr, Milich, & Dixon, 1992; Cunningham, Siegel,
& Offord, 1991; Froehlich et al., 2014; Gorman, Klorman, Thatcher, 2006; Pelham et
al., 2001; Pelham et al., 1985; William E Pelham, Vodde-Hamilton, Murphy, Greenstein,
& Vallano, 1991; Pelham Jr. et al., 1987; Pelham Jr., Walker, Sturges, & Hoza, 1989;
Pelham Jr et al., 1990). Unfortunately, the number of studies in the current study was
too small to test the mediating effects of on-task behavior using meta-regression. Taken
together, our results do not support a mediating role for classroom expressed ADHD
symptoms in the relationship between MPH and math accuracy, but this may be
different for productivity measures as behavioral improvements in the classroom are
generally seen as a prerequisite for academic improvements, especially academic
productivity. Furthermore, cognitive improvements may be more relevant here than
symptom improvements, as deficits of children with ADHD are apparent for those
cognitive functions that are especially important for academic performance, e.g.
attention, working memory and response inhibition (Biederman et al., 2004; Mayes &
Calhoun, 2007b; Preston et al., 2009; Thorell, 2007). Possibly MPH-related
improvements in cognition play a large role in academic improvement, compared to
behavioral improvements – and these act through different pathways than those driving
symptoms. This is consistent with a recent study by Coghill et al. (2014) showing that
while MPH improves both symptoms and some aspects of cognition these effects seem
to be independent.
Demographic and disorder related variables included in our analysis (age, gender,
ADHD subtype and ADHD severity) did not moderate MPH efficacy on math
performance either. The absence of a moderating effect of age and comorbid disorders
is in line with the results of a recent meta-analysis on behavioral improvements with
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MPH (Storebø et al., 2015). In the meta-analysis by Storebø and colleagues, some
evidence was found for a moderating effect of ADHD subtype and behavioral
improvements, with highest MPH-efficacy for the inattentive subtype.
Similarly, study characteristics also did not moderate efficacy of MPH on math
performance, at least not for release system, trial duration, time of measurement, dosage
and titration method. Thirteen studies used ER formulations, two studies reported on
the effects of transdermal MPH and 19 studies reported on IR formulations. Results
from our meta-regression suggest that ER formulations are equally effective as IR
formulations in improving academic performance, which is in line with findings from
individual studies comparing ER and IR formulations (Dopfner et al., 2004; Pelham
Jr. et al., 1990; Swanson et al., 2004). We found no effects of titration method (clinical
titration prior to the trial or fixed dosages) which is also in line with findings from
(Storebø et al., 2015). Possibly, to optimize the effects of MPH on academic outcome,
titration should be based on academic outcomes instead of on symptom improvements.
The absence of an effect of dose on academic performance is in line with the findings
from Prasad and colleagues (2013), who found no difference between studies comparing
the effect of 0.3 mg/kg or 10 mg fixed dose to 0.6 mg/kg or 17.5-20 mg fixed dose on
percentage seatwork completed. Also in line with this are the results from (Storebø et
al., 2015), who found no effects of dose on symptom improvements.

2

Strengths of the current review included a separate consideration of academic accuracy
and productivity; including a distinction between academic subjects (math, reading
and spelling); and the inclusion of randomized controlled trials only. There were,
however, also some potential limitations. First, because we focused on effects with the
optimal dose, we did not include dose-response analyses. Second, trial duration was
generally short (between 1-7 days), limiting our conclusions to short-term effects of
MPH on academic performance. Evidence for the longer-term benefits of MPH on
academic performance is lacking thus far (Langberg & Becker, 2012). For obvious
ethical and practical reasons evidence for such effects is unlikely to be generated from
placebo-controlled trials – and is therefore outside the scope of the current review. It
remains possible that short-term effects of MPH on both behavior and academic
performance (i.e. productivity) summarized here, may translate into longer-term
benefits. Furthermore, it should be investigated whether long terms benefits may be
seen even where short term effects are not evident.
On the basis of this review, we make a number of recommendations for future research.
Some studies in the review relied on self-developed math or spelling test sheets. In the

39

201830 Anne Fleur_binnenwerk_3.indd 39

01-07-18 14:34

CHAPTE R 2

future, these should be replaced by validated tests (depending on the design of the
study, with relevant norms). Further, researchers should always report both accuracy
and productivity measures to allow for separate estimation of MPH effects on quantity
and quality of academic performance. Moreover, by increasing the trial duration, more
relevant measures like school grades can be included while still using randomized,
placebo-controlled designs. Finally, more research on moderators and mediators of
MPH efficacy is useful to isolate groups of patients who may benefit more or less from
MPH and to reveal its mechanism of action. Although many studies have attempted
to do so, measures of mediators and moderators are not uniform and generally not
standardized, impeding (meta-analytic) aggregation of relevant results.
In summary, our results indicated that MPH results in robust improvements in the
number of reading items attempted and small to medium sized improvements in math
productivity and accuracy. Improvements in academic quality (accuracy) were small
(3.0%) and limited to math. The effects of MPH on math accuracy were not mediated
by teacher-rated ADHD symptom-improvements, and MPH effects on math accuracy
and productivity were not influenced by demographic variables, disorder related
variables or study characteristics. The discrepancy between the large behavioral
improvements seen with MPH and these smaller and selective improvements in
academic performance is important for treatment guidelines. As academic improvement
is often one of the main treatment goals, parents and teachers should be advised about
the specificity and limited size of MPH-effects on academic performance.
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46 (PLA)
47 (MPH)

(Froehlich et al.,
2014)

8.8 (1.9)

9.5 (1.9)

(Wigal et al., 2014) 20

198

68

(Grizenko, Cai,
Jolicoeur,
Ter-Stepanian, &
Joober, 2013)

(Murray et al.,
2011)

Within subject design
comparing placebo to one
fixed dose (0.5 mg/kg)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose unknown)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 40 mg.)

10.3 (n.a.) Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose unknown)

8.8 (n.a.)

(Robb et al., 2014) 39

Between subject design
comparing placebo to
clinically titrated dosage
(avg. dose 28.3 mg.)

9.6 (1.69) Between subject design
comparing placebo to
clinically titrated dosage

43 (PLA)
42 (MPH)

(Wigal et al.,
2017)**

8.1 (1.2)

10.49 (1.24) Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 20.7 mg.)

(Kortekaas63
Rijlaarsdam et al.,
2017b)

Mean age Design
(SD)

9.2 (1.75) Between subject design
comparing placebo to
clinically titrated dosage
(avg. dose 40.8 mg.)

N

(Childress, Kollins, 39 (PLA)
Cutler, Marraffino, 43 (MPH)
& Sikes, 2017)**

Author, year

No

No

No

No

No

No

No

No

Math accuracy
Math productivity

Math accuracy

Math accuracy
Math productivity

Math accuracy
Math productivity

Math accuracy
Math productivity

Math accuracy
Math productivity

Math accuracy
Math productivity

Math accuracy
Math productivity

PERMP

RAS math

PERMP

PERMP

Math sheet

PERMP

SAT

PERMP

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

Supplementary material Table E2.1 Summary of included studies

Yes

Yes

Yes

Included in meta-analysis
If not: reason and results

2,3,4,5,8,9,10,11,12,13

2,3,4,5,8,9,10,12,13,14

3,4,5,8,9,12

2,3,4,5,6,8,9,10,11,12,3

Yes

Yes

Yes

Yes

1,3,4,5,6,8,9,10,11,12,13,14 Yes, on-task behavior
significantly increased with
10.9% with MPH and
mediated the effects of MPH
on math productivity

2,3,4,5,8,9,10,12

2,3,4,8,9,10,11,12

2,3,4,5,8,9,11,12

Mediators and
moderators
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18

115

39

79

(Rubinsten,
Bedard, &
Tannock, 2008)

(Wilens et al.,
2008)

(Gorman,
Klorman,
Thatcher, &
Borgstedt, 2006)

(McGough
et al., 2006)

81

(Muniz et al.,
2008)

9.1 (1.7)

9.1 (2.0)

8.8 (2.2)

9.7 (1.2)

9.5 (1.7)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose unknown)

Within subject design
comparing placebo to one
fixed dose (0.4 mg/kg)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 20.3 mg.)

Within subject design
comparing placebo to three
fixed doses (10, 15 and 20
mg.)

Within subject design
comparing placebo to two
fixed doses (36 and 54 mg.)

Within subject design
comparing placebo to one
fixed dose (0.3-0.4 mg/kg)

25

(Bental & Tirosh,
2008)

9.2 (1.0)

10.2 (1.8) Within subject design
comparing placebo to one
fixed dose (20 mg.)

139

(Schulz et al.,
2010)

Mean age Design
(SD)

10.1 (1.1) Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 25.5 mg.)

N

(Wigal et al., 2011) 71

Author, year

Supplementary material Table E2.1 Continued

Spelling accuracy

Math accuracy
Math productivity

Math accuracy
Math productivity

Spelling list

PERMP

PERMP

No

No

No

Yes, 20 mg.
most
effective for
math
accuracy

Math accuracy
Math
productivity

Math accuracy

Math accuracy
Math productivity

Math accuracy

PERMP

RAS math

PERMP

RAS math

Yes, 54 mg. Math items correct PERMP
most
Math number
effective for attempted
math correct
and math
attempted

No

No

No

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

2,3,4,5,7,8,9,12,13

1,2,3,4,5,6,8,9,10,12,13,14

2,3,4,8,9,11,13

3,4,5,8,9,10,11,12

2,3,4,5,8,9,10,11,12,13

Mediators and
moderators

Yes

Yes, in addition to academic
improvements on-task
behavior improved with
11.4% with MPH compared
to placebo

Yes

No exact values not available
Results: MPH improved
math accuracy

No exact values not available
Results: MPH improved (1)
number of math items
completed correctly and (2)
math number attempted

No: insufficient studies for
meta-analysis
Results: MPH did not
improve spelling accuracy

Yes

Yes

Included in meta-analysis
If not: reason and results
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N

36

79

174

31

42 (PLA)
46 (MPH)

36

23

Author, year

(Silva et al., 2005)

(Dopfner et al.,
2004)
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(Swanson et al.,
2004)

(Quinn et al.,
2004)

(Wigal et al.,
2004)**

(Lopez, Silva,
Pestreich, &
Muniz, 2003)

(Swanson et al.,
2003)

Within subject design
comparing placebo to four
fixed doses (18, 20, 36, 40
mg.)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose unknown)

9.9 (n.a.)

9.0 (1.7)

9.7 (n.a.)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 28.9 mg.)

Within subject design
comparing placebo to four
fixed doses (18, 20, 36, 40
mg.)

Between subject design
comparing placebo to
clinically titrated dosage
(avg. dose 32.1 mg.)

n.a. (range Within subject design
6-12)
comparing placebo to three
fixed doses (5, 10 and 20
mg.)

9.6 (1.8)

10.0 (1.6) Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 21 mg.)

9.4 (1.9)

Mean age Design
(SD)

Supplementary material Table E2.1 Continued

No

Yes, 20 mg.
most
effective for
math correct
and
attempted

No

Yes, 10 mg.
most
effective for
math
accuracy

No

No

PERMP

PERMP

Math accuracy
Math number
attempted

Math number
correct
Math number
attempted

Math productivity

Math accuracy

PERMP

Math sheet

Math sheet

Math items correct PERMP

Math accuracy
Math productivity

Yes, 40 mg. Math accuracy
most
Math productivity
effective for
math
accuracy and
productivity

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

3,4,5,8,9,10,11,12,13,14

2,4,5,6,8,9,10

2,3,4,5,6,8,9,10,11,12

2,3,4,5,8,9,10,11,12

Mediators and
moderators

No: exact values not available
Results: MPH improved (1)
math accuracy and (2) math
number attempted

No: exact values not available
Results: MPH improved (1)
number of math items
completed correctly and (2)
math number attempted

Yes

Yes

No exact values not available
Results: MPH improved
number of math items
completed correctly

Yes

Yes

Included in meta-analysis
If not: reason and results
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9.6 (1.0)

9.3 (4.8)

9.2 (1.4)

7.7 (n.a.)

8.6 (1.3)

(Benedetto-Nasho 14
& Tannock, 1999)

33

24

30

(Carlson et al.,
1992)

(Balthazor,
19
Wagner, & Pelham,
1991)

40

(Elia, Welsh,
Guliotta, &
Rapoport, 1993)

(Barkley, DuPaul,
& McMurray,
1991)

(Cunningham et
al., 1991)

8.8 (2.6)

9.1 (1.8)

68

(Pelham et al.,
2001)

Within subject design
comparing placebo to two
fixed doses (0.15 and 0.5 mg/
kg)

Math accuracy
Math number
attempted

No

Yes, 0.3 mg/
kg most
effective for
reading and
0.6 mg/kg
most
effective for
math

No

Yes, 0.5 mg/
kg most
effective for
math
accuracy

Math accuracy

Math accuracy

Reading accuracy

Math accuracy
Reading accuracy
Reading number
attempted

Math accuracy
Reading accuracy

Yes, 10 mg. Math accuracy
most
Math productivity
effective for
math
accuracy and
productivity

No

Math sheet

RAS math

Barnell Loft

Mad Minute,
Barnell Loft

Barnell Loft

Math sheet

PERMP

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

Within subject design
Yes, 10 mg.
comparing placebo to three most
fixed doses (5, 10 and 15 mg) effective for
math
accuracy

Within subject design
comparing placebo to one
fixed dose (0.3 mg/kg)

Within subject design
comparing placebo to two
fixed doses (0.3 and 0.6 mg/
kg)

Within subject design
comparing placebo to three
fixed doses (25, 40 and 70
mg.)

Within subject design
comparing placebo to two
fixed doses (10 and 20 mg.)

Within subject design
comparing placebo to
clinically titrated dosage
(avg. dose 25 mg.)

Mean age Design
(SD)

N

Author, year

Supplementary material Table E2.1 Continued

Yes

Included in meta-analysis
If not: reason and results

1,3,4,5,6,8,9,10,12

3,4,5,8,9,10,11,12

3,4,5,6,8,9,10,12

1,3,4,6,7,8,9,10,12

3,4,5,6,7,8,9,10

Yes, in addition to academic
improvements on-task
behavior improved with
12.0% with MPH compared
to placebo

Yes

Yes

Yes, in addition to academic
improvements on-task
behavior improved with
11.5% with MPH compared
to placebo

Yes

3,4,5,6,7,8,9,10,11,12,13,14 Yes

1,3,4,6,8,9,
10,11,12,13,14

Mediators and
moderators
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19

(Douglas, Barr,
Amin, O’Neill, &
Britton, 1988)

71

(Barkley,
McMurray,
Edelbrock, &
Robbins, 1989)

23

22

(Pelham Jr. et al.,
1990)

(Barkley, Fischer,
Newby, & Breen,
1988)

17

(Pelham,
Vodde-Hamilton,
Murphy,
Greenstein, &
Vallano, 1991)

24

55

(Forness et al.,
1991)

(Pelham Jr. et al.,
1989)

N

Author, year

Within subject design
comparing placebo to one
fixed dose (1.0 mg/kg)

8.7 (1.5)

8.5 (2.3)

9. 1 (1.8)

No

Yes, 0.5 mg/
kg most
effective for
math
accuracy

No

No

No

Within subject design
comparing placebo to three
fixed doses (0.15, 0.3 and 0.6
mg/kg)

Yes, 0.15 mg/ Math accuracy
kg most
Math productivity
effective for
math
accuracy and
0.6 mg/kg
most
effective for
math
productivity

Math accuracy

Math accuracy
Reading accuracy
Reading number
attempted

Math accuracy

Reading accuracy
Reading number
attempted

Math accuracy
Reading accuracy
Reading number
attempted

Reading accuracy

Math sheet

RAS math

Mad Minute,
Barnell Loft

RAS math

Barnell Loft

Mad Minute,
Barnell Loft

Barnell Loft

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

Within subject design
No
comparing placebo to two
fixed doses (0.3 and 0.5 mg/
kg)

Within subject design
comparing placebo to one
fixed dose (0.3 mg/kg)

8.25 (2.2) Within subject design
comparing placebo to two
fixed doses (0.3 and 0.5 mg/
kg)

10.39 (1.4) Within subject design
comparing placebo to one
fixed dose (20 mg.)

9.48 (1.0) Within subject design
comparing placebo to one
fixed dose (0.3 mg/kg)

9.4 (1.5)

Mean age Design
(SD)

Supplementary material Table E2.1 Continued

Yes

Yes, with MPH compared to
placebo on-task behavior
increased with 10.0%

Yes, with MPH compared to
placebo on-task behavior
increased with 10.6%

Yes

Included in meta-analysis
If not: reason and results

3,4,5,8,10

1,2,3,4,8,9,12

Yes

Yes

1,2,3,4,5,6,7,8,9,11,12,13,14 Yes, with MPH compared to
placebo on-task behavior
increased with 2.9%

3,4,8,9,12

1,2,3,4,6,7,8,9,11,12,13,14

1,2,3,4,6,8,9,11,12,13,14

3,4,6,7,8,9

Mediators and
moderators
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13

16

29

(Pelham Jr. et al.,
1987)

(Douglas et al.,
1986)

(Pelham, Bender,
& Caddell, 1985)

8.4 (n.a.)

9.2 (1.7)

8.8 (1.5)

Within subject design
comparing placebo to one
fixed dose (0.6 mg/kg)

Within subject design
comparing placebo to one
fixed dose (0.3 mg/kg)

Within subject design
comparing placebo to one
fixed dose (20 mg)

Mean age Design
(SD)

No

No

No

Reading accuracy
Spelling accuracy

Math accuracy
Spelling accuracy

Math accuracy
Reading accuracy
Reading number
attempted

Barnell Loft
Spelling list

Math sheet
Spelling list

Mad Minute,
Barnell Loft

Titration on Relevant academic Academic
academic
measures
tasks
outcome?

1,3,4,5,6,8,9,10,12

3,4,5,8,9,10,12

1,2,3,4,5,6,7,8,12,13,14

Mediators and
moderators

Yes for reading accuracy, not
for spelling accuracy
(insufficient studies for
meta-analysis)
Results: MPH improved
spelling accuracy and
improved on-task behavior
with 12.0%

Yes for math accuracy, not
for spelling accuracy
(insufficient studies for
meta-analysis)
Results: MPH did not
improve spelling accuracy
but did improve on-task
behavior with 4.2%

Yes, with MPH compared to
placebo on-task behavior
increased with 4.2%

Included in meta-analysis
If not: reason and results

Note. ADHD Attention-Deficit Hyperactivity Disorder; PLA placebo; MPH methylphenidate; PERMP Permanent Product Measure of Performance; SAT Speeded
Arithmetic Task; RAS Restricted Academic Situation 1 On-task (mediator); 2 teacher-rated symptom improvements (mediator); moderators: 3 age, 4 %male, 5
%children with ADHD-Inattentive subtype, 6 %children with comorbid Oppositional Defiant Disorder or Conduct Disorder, 7 %children with comorbid Learning
Disorder, 8 methylphenidate release system, 9 study duration, 10 time of measurement, 11 dosage, 12 titration method, 13 parent-rated ADHD severity, 14 teacherrated ADHD-severity; **between-subject study.

N

Author, year
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1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs

Swanson, Kotkin, Agler, M-Flynn, and Pelham
(SKAMP) rating scale (Wigal et al., 1998)
Strengths and Weakness of ADHD-symptoms
and Normal Behavior (SWAN) rating scale
(Hay et al., 2007; James Swanson et al., 1994)
Revised Teacher Rating Scale Abbreviated
(Goyette, Conners, & Ulrich, 1978)

1. Spelling accuracy

Teacher-rated ADHD symptoms
(mediator)

1. Number of items attempted
2. Number of items completed correctly
3. Total number of items

Independent math sheets developed by the
investigators

Lists of grade-appropriate words assigned by
the teacher or taken from local school district
lists

1. Math accuracy

Barnell Loft Math (Bonig, 1978)

Spelling (Outcome)

1. Math accuracy

Mad Minute (Addison-Wesley, 1981)

1. Reading accuracy
2. Reading number attempted

1. Number of items attempted
2. Number of items completed correctly

Restricted Academic Situation Math sheet
(RAS: e.g. developed by Douglas, Barr, O’Neill,
& Britton, 1986)

Barnell Loft Specific Skills Series (Bonig, 1978)

1. Number of items attempted
2. Number of items completed correctly
3. Total number of items

Speeded Arithmetic Test (SAT: De Vos, 1992)

Reading (Outcome)

1. Number of items attempted
2. Number of items completed correctly
3. Total number of items

Permanent Product Measure of Performance
(PERMP: Swanson et al., 2000)

Math (Outcome)

Reported measures

Task (abbreviation: reference)

Area of interest (Outcome,
mediator, moderator)

Supplementary material Table E2.2 Overview of included tasks and outcome measures

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

1. Spelling accuracy

1. Reading accuracy
2. Reading number attempted

1. Math productivity, calculated as items
attempted divided by total number of items
2. Math accuracy, calculated as items completed
correctly divided by items attempted

1. Math accuracy

1. Math accuracy

1. Math accuracy, calculated as items completed
correctly divided by items attempted

1. Math productivity, calculated as items
attempted divided by total number of items
2. Math accuracy, calculated as items completed
correctly divided by items attempted

1. Math productivity, calculated as items
attempted divided by total number of items
2. Math accuracy, calculated as items completed
correctly divided by items attempted

Outcome measures
(included in meta-analysis)
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ADHD severity (moderator)

On-task behavior (mediator)

Area of interest (Outcome,
mediator, moderator)

1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs
1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs

ADHD Rating Scale Version 4 (ADHD-RS-IV:
Dupaul et al., 1997; DuPaul et al., 1998)
Vanderbilt ADHD teacher rating scale
(Wolraich, Feurer, Hannah, Baumgaertel, &
Pinnock, 1998)
Revised Parent and Teacher Rating Scale
Abbreviated (Goyette et al., 1978)
IOWA I/O Conners Rating Scale (Loney &
Milich, 1982; Pelham et al., 1989)
CGI (Conners, 1997)
Swanson, Nolan and Pelham rating scale
(SNAP: Swanson, 1992)

1. Percentage on-task behavior

1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs

Conners Global Index (CGI: Conners, 1997)

On-task ratings by independent observers

1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs

Conners, Loney and Milich (CLAM) Scale
(Loney & Milich, 1982; Swanson, 1992)

1. Proportion task incompatible behaviors

1. ADHD Total Symptoms (including both
Inattentive and Hyperactive/Impulsive scales):
raw scores and SDs

Inattention/Overactivity With Aggression
(IOWA I/O) Conners Rating Scale (Loney &
Milich, 1982; W. Pelham, Milich, & Murphy,
1989)

Restricted Academic Situation Scale (R A
Barkley, 1990)

Reported measures

Task (abbreviation: reference)

Supplementary material Table E2.2 Continued

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Standardized score calculated as raw score on
the Total ADHD outcome scale, divided by the
SD.

1. Percentage on-task behavior

1. 1 minus proportion task incompatible
behaviors

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

1. Standardized score calculated as the
difference between MPH and placebo
conditions on the Total ADHD outcome scale,
divided by the SD of the placebo condition.

Outcome measures
(included in meta-analysis)
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Yes

Yes

Yes

(Gorman et al., 2006)

(McGough et al., 2006)

Yes

(Muniz et al., 2008)

Yes

Yes

(Bental & Tirosh, 2008)

(Rubinsten et al., 2008)

Yes

(Schulz et al., 2010)

(Wilens et al., 2008)

Yes

(Wigal et al., 2011)

Yes

(Wigal et al., 2014)

Yes

Yes

(Robb et al., 2014)

Yes

Between-subject Not applicable
design

(Froehlich et al., 2014)**

(Murray et al., 2011)

Not applicable

Between-subject Not applicable
design

(Wigal et al., 2017)

(Grizenko et al., 2013)

Not applicable

Yes

(Kortekaas-Rijlaarsdam
et al., 2017b)

No, sequence as
fixed factor

No, drug order as
between-subject
factor

No, sequence as
fixed factor in
model

Not reported

No, sequence as
fixed factor in
model

Yes

Not reported

No

No

Not reported

No, sequence as
fixed factor in
model

Not reported

No, sequence as
fixed factor in
model

Between-subject Not applicable
design

(Childress et al., 2017)

Irrelevant

Irrelevant

Irrelevant

Not reported

Irrelevant

Yes

Not reported

Irrelevant

Irrelevant

Not reported

Irrelevant

Not reported

Irrelevant

Not applicable

I.
II. 
III.
Cross-over
Biased from
First period data
design suitable? carry-over effects? available
(if relevant, see II)

Authors (year)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes, between-subject

Yes, between-subject

Yes

Yes, between-subject

IV. 
Correct (paired)
analysis?

Supplementary material Table E2.3 Risk of bias index cross-over trials (Cochrane 16.4.3)

Yes

Yes

Yes

Not reported

Yes

No

Not reported

Yes

Yes

Not reported

Yes

Not reported

Not applicable

Not applicable

Yes

Not applicable

V. 
Comparable with
results from
parallel trials?
VII.
Drop-out
reported?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes, assignment to Yes
treatment groups
randomized

Yes, assignment to Yes
treatment groups
randomized

Yes

Yes, assignment to Yes
treatment groups
randomized

VI. 
Order of
treatments
randomized?

5

5

5

3

5

5

4

5

5

4

5

4

Not applicable

Not applicable

5

Not applicable

Overall score*
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Not reported
Not reported

Yes
Yes

Yes

(Benedetto-Nasho &
Tannock, 1999)
(Elia et al., 1993)
(Carlson et al., 1992)
(Balthazor et al., 1991)
(Barkley et al., 1991)
(Cunningham et al., 1991)
(Forness et al., 1991)
(Pelham, Vodde-Hamilton,
Murphy, Greenstein, &
Vallano, 1991)
(Pelham Jr. et al., 1990)
(Barkley et al., 1989)
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Yes

(Pelham et al., 2001)

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

No, sequence as
fixed factor in
model
No, sequence as
random factor in
model
No, sequence as
fixed factor in
model
Not reported

Yes

No, sequence as
fixed factor in
model
Yes
No
Yes
Yes, sequence as
fixed factor in
model
Yes
Not reported
Between-subject Not applicable
design

Yes

Not reported
Not reported

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Not reported

Irrelevant

Irrelevant

Irrelevant

Not reported
Not applicable

Irrelevant
Irrelevant

Irrelevant

I.
II. 
III.
Cross-over
Biased from
First period data
design suitable? carry-over effects? available
(if relevant, see II)

(Swanson et al., 2003)

(Lopez et al., 2003)

(Quinn et al., 2004)
(Wigal et al., 2004)**

(Dopfner et al., 2004)
(Swanson et al., 2004)

(Silva et al., 2005)

Authors (year)
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Not clearly reported
Yes

Yes
Yes
Yes
Yes
Yes
Not clearly reported
Yes

Yes

Yes

Yes

Yes

Yes
Yes, between-subject

Yes
Yes

Yes

IV. 
Correct (paired)
analysis?

Not reported
Not reported

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Not reported

Yes

Yes

Yes

Not reported
Not applicable

Yes
Yes

Yes

V. 
Comparable with
results from
parallel trials?

5
5
4
4
4
4
3
3
2
4
3
4

Yes
Yes
Yes
Yes
Yes
Not reported
Not reported
Not reported
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

5
5

Yes
Yes

5

5

Yes

4
Not applicable

Overall score*

VII.
Drop-out
reported?

Yes
Yes
Yes, assignment to Yes
treatment groups
randomized
Yes
Yes

Yes
Yes

Yes

VI. 
Order of
treatments
randomized?
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Yes

Yes

Yes

Yes

Yes

(Barkley, Fischer, Newby,
& Breen, 1988)

(Douglas et al., 1988)

(Pelham Jr. et al., 1987)
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(Douglas et al., 1986)

(Pelham, Bender, &
Caddell, 1985)

Not reported

Not reported

Not reported

Not reported

Yes

Yes

Yes

Yes

Yes

Yes

IV. 
Correct (paired)
analysis?

Not reported

Yes

Not reported

Not reported

Not reported

Not reported

V. 
Comparable with
results from
parallel trials?

Yes

Yes

Yes

Yes

Yes

Yes

VI. 
Order of
treatments
randomized?

Overall score*

5

4

Not reported 3

Yes

Yes

Not reported 3

Not reported 3

Not reported 3

VII.
Drop-out
reported?

Note. Scoring was based on criteria I (yes = 1, no = 0), II (no = 1, yes, but first period data available = 1, no/not reported = 0), IV, VI and VII (yes = 1, no/not reported
= 0), resulting in a maximum score of 5 (reflecting minimal risk of bias) and a minimal score of 0.

Not reported

No, drug order
Irrelevant
included in analysis

Not reported

Not reported

Not reported

Not reported

Yes

(Pelham Jr. et al., 1989)

Not reported

I.
II. 
III.
Cross-over
Biased from
First period data
design suitable? carry-over effects? available
(if relevant, see II)

Authors (year)
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Supplementary material Table E2.4 Mediator and moderator analyses for math accuracy and math
productivity
Mediator/moderator

Number of Z-value
studies in the
analysis

95% CI

p-value

Outcome measure: math accuracy
Teacher-rated symptom improvements

18

0.47

[-.0484, .0791]

.638

Age

27

-.98

[-.0448, .0150]

.330

Gender

29

1,67

[-.0002, .0027]

.095

Percent children diagnosed with ADHD-Inattentive
subtype

22

.02

[-.0014, .0014]

.987

Percent children diagnosed with comorbid ODD or CD

13

-.52

[-.0024, .0014]

.600

Parent-rated ADHD severity

14

.09

[-.0164, .0180]

.927

Release system (immediate versus extended)

29

-.88

[-.0584, .0222]

.378

Duration of study condition (days)

27

.07

[-.0071, .0075]

.948

Time of measurement (post-dose, in hours)

20

.50

[-.0114, .0193]

.615

Medication dosage (mg)

17

-1.09

[-.0032, .0009]

.276

Titration method (clinical versus fixed dosages)

29

-1.03

[-.0568, .0176]

.302

Teacher-rated symptom improvements

11

-.78

[-.1953, .0841]

.436

Age

16

-.61

[-.0597, .0314]

.542

Gender

17

-.48

[-.0043, .0026]

.634

Percent children diagnosed with ADHD-Inattentive
subtype

15

.44

[-.0019, .0030]

.662

Release system (immediate versus extended)

17

.64

[-.0560, .1105]

.521

Duration of study condition (days)

16

-.03

[-.0147, .0142]

.973

Time of measurement (post-dose, in hours)

13

.36

[-.0347, .0502]

.720

Medication dosage (mg)

12

.48

[-.0032, .0053]

.633

Titration method (clinical versus fixed dosages)

17

-1.00

[-.1329, .0431]

.317

2

Outcome measure: math productivity

Note. ADHD Attention-Deficit Hyperactivity Disorder; ODD Oppositional Defiant Disorder; CD Conduct
Disorder
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ABSTRACT
Background
Although numerous studies report positive effects of methylphenidate on academic
performance, the mechanism behind these improvements remains unclear. This study
investigates the effects of methylphenidate on academic performance in children with
Attention-Deficit Hyperactivity Disorder (ADHD) and the mediating and moderating
influence of ADHD severity, academic performance and ADHD symptom
improvement.
Methods
Sixty-three children with ADHD participated in a double-blind placebo-controlled
crossover study comparing the effects of long-acting methylphenidate and placebo.
Dependent variables were math, reading, and spelling performance. ADHD group
performance was compared with a group of 67 typically developing children.
Results
Methylphenidate improved math productivity and accuracy in children with ADHD.
The effect of methylphenidate on math productivity was partly explained by parentrated symptom improvement, with greater efficacy for children showing more symptom
improvement. Further, children showing below-average math performance while on
placebo profited more from methylphenidate than children showing above-average
math performance.
Conclusions
The results from this study indicate positive effects of methylphenidate on academic
performance, although these were limited to math abilities. In light of these results
parents, teachers and treating physicians’ expectations about the immediate effects of
methylphenidate on academic improvement should be tempered. Moreover, our results
implicate that positive effects of methylphenidate on math performance are in part due
directly to effects on math ability and in part due to reductions in ADHD symptoms.
Keywords: ADHD, methylphenidate, academic achievement
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INTRODUC T ION
Attention-Deficit Hyperactivity Disorder (ADHD) is a common developmental
disorder characterized by attentional problems, hyperactivity and impulsivity (DSM-V).
In primary school, most children with ADHD experience mild to severe academic
problems including problems with reading, spelling and math (DuPaul, 2007). These
problems may be related to both their behavioral symptoms and cognitive problems
(Daley & Birchwood, 2010; Polderman et al., 2010). Malfunctioning in school is one
of the primary reasons for parents or teachers to seek professional help and start
medication treatment (Wright et al., 2015). Stimulant medication is the most commonly
prescribed treatment for ADHD with effect sizes ranging from 0.5-1.83 (SMD) in
reducing behavioral ADHD symptoms both at home and in school (Antshel et al.,
2011; Faraone, Biederman, Spencer, 2006; MTA-group, 1999b; Van der Oord et al.,
2008). Besides behavioral improvements, improvements in cognitive functioning with
stimulant medication are common (Coghill, Seth, et al., 2014).

3

Because of the behavioral and cognitive improvements, positive effects of stimulants
on academic performance are often assumed. A recent meta-analysis of the literature
on the immediate effects of stimulant medication on academic performance of children
aged 4-16 years indicates that stimulant medication improves classroom behavior and
schoolwork productivity (Prasad et al., 2013). Results of this meta-analysis indicate
stronger effects for higher doses regardless of whether immediate or extended release
stimulants were used. The strongest results were found for mathematics compared to
reading and spelling (Froehlich et al., 2014; Prasad et al., 2013), which may be the result
of greater underperformance in math than in reading or spelling, in children with
ADHD when compared to typically developing peers (Frazier et al., 2007; Loe &
Feldman, 2007).
In contrast to the positive effects of methylphenidate on classroom behavior and
academic productivity of children with ADHD, evidence for increased schoolwork
quality is scarce. Many studies included in the meta-analysis by Prasad and colleagues
only report on the number of items correct, a measure that might be confounded by
the number of items attempted (task productivity), rather than accuracy, a measure
that incorporates the number of items attempted. Of those studies reporting on
accuracy, only few report significant improvements with methylphenidate and
improvements are apparent only with higher dosages (Baweja et al., 2015; Prasad et
al., 2013). For all academic measures, effects sizes reported for accuracy are much
smaller than effect sizes reported for behavioral improvements within the classroom
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(Baweja et al., 2015). Moreover, the long term effects of stimulant medication for
ADHD remain to confirmed (Arnold et al., 2015; Langberg & Becker, 2012): Such
improvements are mostly found for standardized achievement tests rather than school
grades and/or rates of school drop-out or retention. Medication-related improvements
in test-taking behavior in standardized settings may have a greater impact on
standardized achievement tests than on school grades. However, effect sizes for
standardized achievement tests are small and medication did not result in normalization
of academic performance (Langberg & Becker, 2012). Also, improvements in academic
performance are larger with multimodal interventions than with medication treatment
alone (Arnold et al., 2015).
Although numerous placebo-controlled controlled trials have investigated the impact
of methylphenidate on school performance, studies vary greatly in methodology. For
example, dosages prescribed are often fixed and not clinically titrated, which reduces
ecological validity (Prasad et al., 2013). Also, the academic tasks used are often not
validated (Douglas et al., 1986; Froehlich et al., 2014; James et al., 2001; Pelham et al.,
1985; Tannock, Schachar, Carr, & Logan, 1989). In addition, laboratory schools are
often used as research settings which may reduce the ecological validity of the study.
Furthermore, studies of the efficacy of long-acting methylphenidate on academic
performance are scarce (Prasad et al., 2013) even though there is an increase in the
prescription of long-acting methylphenidate. Long-acting methylphenidate results in
more constant blood plasma levels during the day, and thus fewer rebound effects,
which may result in better academic performance compared to immediate release
methylphenidate (Banaschewski et al., 2006). Moreover, more knowledge about
variables mediating and moderating the effects of methylphenidate on academic
performance is needed. Such knowledge is essential to explain the mechanism behind
medication efficacy and to identify clinical subgroups for which higher or lower efficacy
may be expected.
ADHD is a heterogeneous disorder with large differences in symptom severity and
high comorbidity with 30% of children with ADHD suffering from learning disorders
(Williamson et al., 2014). Additional comorbid learning disorders often result in worse
educational outcomes than ADHD alone (Faraone et al., 2001). Differences in symptom
severity and learning problems may influence treatment effectivity, and individual
differences in treatment response within the ADHD population may explain the
absence of robust effects of stimulant medication on academic performance at the
group level (Langberg & Becker, 2012; Prasad et al., 2013). So far, only a few studies
focussed on potential mediators and moderators when studying methylphenidate
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efficacy in improving academic performance. Differences in academic improvements
with methylphenidate may be explained by differences in behavioral treatment
response. For example, improvements in academic productivity are often accompanied
by large teacher-rated improvements in behavior in the classroom (Baweja et al., 2015).
In line with this, a mediating role for on-task behavior (a proxy for ADHD symptoms
within the classroom) on the effects of methylphenidate on math productivity was
recently shown (Froehlich et al., 2014): Methylphenidate improved time-on task, which
in turn improved math productivity. Only one study investigated the moderating effects
of comorbid learning disorders and found comparable efficacy of methylphenidate in
improving academic functioning in children with ADHD with and without comorbid
learning disorders (Williamson et al., 2014).
The current study was set up to investigate the impact of clinically titrated dosages of
long-acting methylphenidate on academic performance using a double blinded,
placebo-controlled cross-over design with a large group of carefully screened and
diagnosed primary school children with ADHD. Children with ADHD were compared
to typically developing (TD) children to assess whether medication normalized
academic performance in math, reading and spelling using well-validated measures in
naturalistic school settings. Prior studies into acute effects of methylphenidate (effects
of treatment during one week or less) on standardized tests of school performance
showed improvements in math, reading and spelling (Bental & Tirosh, 2008; Robb et
al., 2014; Wigal et al., 2014). Effects of medication shown in trials with relative short
durations (less than a week) are comparable in (medium) size to effects shown in trials
with a longer duration (e.g. 21 days), e.g. (Gorman et al., 2006; Lufi & Gai, 2007) versus
(Quinn et al., 2004). Medication treatment was expected to improve academic
productivity especially for mathematics (Prasad et al., 2013). No improvements in
accuracy were expected (Froehlich et al., 2014; Prasad et al., 2013), and academic
performance of children with ADHD was not expected to normalize in comparison
with TD children when treated with medication (Langberg & Becker, 2012). We
expected that improvements in academic performance would be related to reductions
in parent- and teacher-rated ADHD symptoms (Baweja et al., 2015; Froehlich et al.,
2014). Finally, we expected that the presence of learning problems and higher number
of ADHD symptoms would moderate an increased efficacy of methylphenidate in
improving academic performance.

3
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M ATERIALS A N D ME T HODS
Participants
Seventy-eight children with ADHD were assessed for eligibility and 65 children were
enrolled in the study, see Figure 3.1. Seventy-six TD children were assessed, of which
67 met all inclusion criteria. Children with ADHD were recruited between 2012 and
2014 through four mental health clinics in the Netherlands, the Dutch parent
association for children with developmental problems, and the study’s website. TD
children were recruited in the same period through primary schools throughout the
Netherlands. Inclusion criteria for both groups were (1) age between 8 and 13 years,
(2) at least one year of Dutch primary school education to ensure full understanding
of test instructions, and (3) an estimated full-scale IQ of at least 70. Full-scale IQ was
estimated by the Wechsler Intelligence Scale for Children III (Wechsler, 2005). Four
subtests (Information, Vocabulary, Block Design and Symbol Search) were administered,
which correlate within the .90 range with full-scale IQ (Sattler, 2001).
In addition, children with ADHD met the following criteria: (1) a clinical diagnosis of
ADHD confirmed by the Diagnostic Interview Schedule for Children for DSM-IV,
parent version (DISC-P; (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000)), and
(2) a score > 90th percentile on the Inattentive and/or Hyperactive/Impulsive scale of
both parent and teacher version of the Disruptive Behavior rating scale (DBDRS;
(Oosterlaan, J, Scheres, A, Antrop, I, Roeyers, H, Sergeant, 2005; William E. Pelham,
Evans, Gnagy, & Greenslade, 1992)) to ensure symptom severity and pervasiveness,
(3) treatment with methylphenidate or indication for treatment with methylphenidate,
and (4) no concomitant (parent reported) neurological disorders or autism spectrum
disorder. The DISC-P was conducted by the researchers and used to corroborate the
presence of clinical ADHD as diagnosed by the child’s psychiatrist or treating physician.
Children in the TD group were included if they had no (parent reported) psychiatric
or neurological disorder, including ADHD. To ensure the absence of ADHD, children
in the TD group were required to obtain scores ≤ 90th percentile on the Inattentive and
Hyperactive/Impulsive scale of the parent version of the DBDRS. Two children in the
ADHD group did not complete the trial due to adverse events unrelated to the
intervention, resulting in 63 participants with ADHD completing the trial. In our
ADHD group we included 14 children in grade 4-5 (age 8-9), 19 children in grade 6
(age 9-10), 17 children in grade 7 (age 10-11) and 13 children in grade 8 (age 11-13).
Our TD group included 19 children in grade 4-5, 14 children in grade 6, 16 children
in grade 7 and 18 children in grade 8. Group characteristics of the ADHD and TD
group are shown in Table 3.1.
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3

Figure 3.1
Consolidated Standards of Reporting Trials (CONSORT) flow diagram of participants during enrollment,
allocation and analysis

Medication Design
A randomized double-blind placebo-controlled crossover design was used in which
children with ADHD received both extended release methylphenidate (Equasym XL®,
Shire Pharmaceuticals, Amsterdam, The Netherlands) and placebo for seven subsequent
days. Equasym XL® has an eight hour duration of action with a 30% component of
immediate release and a 70% component of extended-release 4-5 hours after dosing
(Banaschewski et al., 2006). All children were treated with stable doses of
methylphenidate (mean duration of treatment was 30.7 months, SD = 19.1). Before
enrollment in the study, medication washout was achieved using a period of at least
48 hours prior to the start of the first treatment week and between the two treatment
weeks. Children were tested on the last day of each treatment week at their own primary
school. Medication was prescribed by the treating physician. Doses were identical to
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those clinically titrated and currently prescribed. When a child was treated with
immediate release methylphenidate the long-acting equivalents was calculated taking
into account differences in plasma concentrations and duration of action between the
different brands of long-acting methylphenidate, as described in Banaschewski et al.
(2006). Daily doses varied between 10 and 40 mg, with 27% of the children receiving
10 mg, 44% receiving 20 mg, 24% receiving 30 mg and 5% receiving 40 mg. Both active
methylphenidate and placebo capsules were inserted in other capsules to ensure visual
equality. Our academic pharmacist not in contact with any participants was responsible

Table 3.1 Group Characteristics of the ADHD and TD Group

Percentage boys
Age
Race (% Caucasian)

ADHD
(n=63)

TD
(n=67)

ADHD v TD

68% (n=43)

60% (n=40)

χ2=1.03

M

SD

M

SD

10.49

1.24

10.16

1.32

95%(n=60)

t=-1.43
χ2=3.27

100% (n=67)

Estimated IQ

97.68

13.82

106.10

12.93

t=3.45**

SES

5.24

0.86

5.84

0.84

t=3.97**

Inattention

17.46

4.40

3.78

2.98

t=-20.86**

Hyperactivity/Impulsivity

13.21

5.32

3.06

2.75

t=-13.78**

ODD

7.21

4.28

CD

1.68

2.43

Inattention

16.40

4.88

Hyperactivity/Impulsivity

11.89

6.91

ODD

4.92

4.82

CD

1.14

2.24

Inattention

7.83

1.16

Hyperactivity/Impulsivity

6.22

2.40

ODD

2.95

2.29

CD

0.46

1.08

1

DBD parents

DBD teacher

DISC parents

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; SES Socio-economicstatus; DBD Disruptive Behavior Disorder rating scale; ODD Oppositional defiant disorder; CD Conduct disorder;
1
SES was measured by parental educational level (average of both parents) with the Dutch classification system
(Verhage, 1983): 1 = no education, 2 = kindergarten, 3 = primary education, 4 = secondary vocational education,
5 = secondary general education, 6 = undergraduate school, 7 = graduate school, 8 = post-graduate education
** p<.01
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for randomization using predefined randomization blocks to determine medication
or placebo sequence. Randomization sampling occurred without restrictions. Due to
the low drop-out risk randomization occurred without replacement. Researchers,
children, parents and teachers were blinded to intervention order.
Materials
Academic performance measures: For all academic measures, parallel versions were
used for the two measurement weeks to avoid learning effects. Mathematical accuracy
and productivity were assessed using the Speeded Arithmetic Test (SAT; (De Vos,
1992)) and mathematical word problems (Janssen et al., 2010). The SAT is a commonly
used task in research on mathematics an dyscalculia, measuring automation of
mathematical calculations (Ghesquière & Ruijssenaars, 1994; Pieters, Desoete, Van
Waelvelde, Vanderswalmen, & Roeyers, 2012). The SAT contains 200 mathematical
sums of increasing difficulty. Five columns of 40 sums each are presented to the child,
with each column containing addition, subtraction, multiplication, division and mixed
sums requiring addition, subtraction, multiplication or division. Children were required
to solve as many sums as possible within 5 minutes without taking notes. Productivity
(percentage completed) and accuracy (percentage correct from items completed) were
used as dependent variables. The SAT allows older children to perform better than
younger children by completing more calculations within the given 5 minutes.
Reliability of the SAT, as calculated in the current sample, was adequate (KR-20 = .68)
and SAT accuracy and SAT productivity correlated significantly with math grades (r
= .33 and r = .28, respectively) and intelligence (r = .25 and r = .34, respectively),
supporting validity of the SAT. Mathematical word problems were mathematical
exercises described in a story-format, often accompanied by a drawing. These
mathematical word problems are typical for primary school math education. Different
versions are available for different educational levels as developed by the Dutch pupil
monitoring system (LVS, CITO). Children were required to complete as many exercises
as possible in 5 minutes, with a maximum of 12 exercises. Reliability of this measure
is high, with Cronbach’s alpha varying from .91 to .94 for different versions. Correlations
with other mathematical tests are high (r=.94-.98) in comparison to correlations with
less related academic subjects such as reading (r=.67), supporting validity of
mathematical word problems (Janssen et al., 2010). For mathematical word problems,
accuracy and productivity were used as dependent variables.

3

Technical reading productivity was assessed with the One Minute Reading test (OMR;
(Brus & Voeten, 1999)) The OMR consists of 116 real words with increasing length
and difficulty. Participants were instructed to read the words out loud as accurately
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and quickly as possible in 1 minute. Reliability of the OMR is high (r=.90) and OMR
performance correlates with reading comprehension (r=.55-.70) as well as with
vocabulary (r=.55-.76), indicating good validity (Brus & Voeten, 1999). Dependent
variable was productivity, as accuracy is on average >95% (>60% of participants scored
>95% correct, leaving no room for improvement), also for the most difficult words.
PI-dictation (Geelhoed & Reitsma, 2004) was used to assess spelling performance.
During this test, blocks of 15 sentences, increasing in difficulty, are dictated during 15
minutes. The child was instructed to write down specific words. Entrance-level was
predetermined and the test was discontinued when a child made more than seven
errors in one block. Reliability of the PI-dictation is high (KR-20 ≥.90) (Geelhoed &
Reitsma, 2004). Dependent variable was the number of words spelled correctly
multiplied by achieved level (1-9).
Moderating and mediating variables: The mediating role of ADHD symptom
improvement was measured with the Strength and Weakness of ADHD-symptoms
and Normal Behavior Rating Scale (SWAN; (Hay et al., 2007; Swanson et al., 1994)).
This widely used questionnaire contains two subscales: the Inattention scale and the
Hyperactivity/Impulsivity scale, each comprising 9 items, and a Total scale. Items are
scored on a 7-point Likert scale, with more negative scores indicating worse symptoms.
The items are based on the DSM-IV symptoms of ADHD, but reflect both ends (strong
and weak) of the behavior described in each symptom. Reliability of the SWAN is high
(Cronbach’s alpha .95) and adequate validity is indicated by moderate correlations
(r=.54) with other inattention/hyperactivity subscales and low correlation (r=.11) with
subscales measuring emotion (Lakes, Swanson, Riggs, 2012). Both the parent- and
teacher versions of the SWAN were used. Symptom improvement was measured with
the Total scores of the SWAN, depicting the full range of ADHD symptoms.
To identify possible clinical subgroups profiting more or less from methylphenidate, we
tested the influence of several moderators: ADHD severity (number of symptoms) was
determined based on DSM-IV guidelines (DISC-P interview). Validity of the DISC-P is
adequate, as indicated by agreement between DISC-P and clinician ratings (κ=.72).
Further, symptom and criterion scales of the DISC-P show higher reliability than the
categorical diagnosis of ADHD (Schaffer, Fisher, Lucas, Dulcan, & Schab-Stone, 2000).
Learning abilities were defined as deficit scores based on the academic performance
measures described above: For all academic measures, z-scores were calculated based on
the mean and standard deviation of the TD group, calculated separately for each grade
level. These z-scores were based on the raw scores (total correct) on the relevant academic
task, thereby combining productivity and accuracy.
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Analyses
Our power calculations indicated that a sample size of 63 completed participants was
sufficient to detect significant differences between placebo and medication with an
alpha of .05 and 80% power for medium sized effects (Twisk, 2013). The assumption
that the washout phase was sufficient to rule out carryover effects was checked using
independent samples t-test comparing sums of results from methylphenidate and
placebo for participants in the two treatment sequences (methylphenidate first versus
placebo first) (Wellek & Blettner, 2012). First we tested the effects of methylphenidate
on academic accuracy and productivity as well as on ADHD symptoms (SWAN) using
generalized linear mixed model (GLMM) analysis (SPSS version 21; IBM, 2012) with
a random intercept to control for within subject dependency of measurements. To test
underperformance of the ADHD group compared to the TD group we compared
accuracy and productivity of the ADHD group during placebo with accuracy and
productivity of the TD group using independent sample t-tests. In addition we used
independent sample t-tests to compare academic accuracy and productivity of the
ADHD group during methylphenidate with accuracy and productivity of the TD group
to estimate whether performance normalized. Next, for academic measures that
improved significantly with methylphenidate, we tested whether these improvements
were related to reductions in ADHD symptoms: The possible mediating effect of
symptom improvement was estimated by the method of Baron and Kenny (Baron &
Kenny, 1986). Using GLMM with a random intercept, we calculated the regression
coefficients of the effects of methylphenidate on the mediator (βa) and of the mediator
on math accuracy or productivity (βb) when fixed effects of both methylphenidate and
the mediator were entered in the model. Next, the product term βaβb of the regression
coefficients with accompanying confidence interval was calculated using the asymptotic
normal distribution method (Krull & MacKinnon, 2001; Tofighi & Mackinnon, 2011),
thereby assuming a covariance of zero between βa and βb (Tofighi, Mackinnon, & Yoon,
2009). If the 95% CI did not include zero, the effect of the mediator was significant.
Finally, for those dependent measures showing significant effects of methylphenidate
compared to placebo, possible moderating effects of learning ability and ADHD
symptom severity (DISC-P) were tested using generalized estimating equations (GEE).
For learning ability, z-scores (z=0 equals the mean of the TD group) were entered in
the GEE model. Only z-scores for the relevant academic subject (math, reading or
spelling) were entered as possible moderators. The GEE analyses contained the fixed
effect of medication and all other moderators and mediators, as well as the interaction
effect of the relevant moderators with medication. Interaction terms derived from the
z-scores for ability and methylphenidate efficacy factors indicated whether academic
ability was a moderator. The nature of significant interactions was explored using post
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hoc analysis testing whether medication-effectivity differed between high and low
ability groups (using median-split).
Procedure
The current study has been carried out in accordance with the Declaration of Helsinki
and was approved by the local ethics committee. Parents and children above the age
of 11 provided written informed consent prior to enrollment in the study. For children
with ADHD, after the screening procedure confirming the ADHD diagnosis and
establishing sufficient intelligence (IQ>70), testing took place on the last day of each
treatment week and started 60 to 90 minutes after medication intake. Testing was done
individually in a quiet room within the primary school of the child. Total testing time
was 120 minutes (including breaks). Academic measures were collected by the
researchers using fully standardized instructions. All procedures and scoring were
double-checked. All researchers were blinded to medication condition. Testing occurred
during plasma peak levels of methylphenidate (Banaschewski et al., 2006). On testing
days, teachers and parents were asked complete online behavioral questionnaires
covering behavior on the previous seven days. After a short explanation of the
procedure, testing started with the SAT, followed by mathematical word problems,
OMR and PI-dictation. The TD group was assessed only once. Testing procedures were
identical in the ADHD and TD group, with the exception that the academic
performance tasks of TD group were preceded by a short version of the WISC-III to
estimate TD children’s IQ as TD children were first seen on the day of the assessment.
Participants with ADHD received a small gift.

RESULTS
Effects of Methylphenidate on Behavior and Academic Accuracy and Productivity
In the TD group data for mathematical word problems were missing for three subjects.
In the ADHD group, data for mathematical word problems were missing for two
subjects and for one subject data for the OMR and PI-dictation were missing. Data
were normally distributed for all variables except for accuracy scores for the SAT. To
account for this, two outliers (in both methylphenidate and placebo condition) were
rescaled to the nearest observation in the distribution plus one unit. Results from the
independent samples t-tests comparing participants from different sequence groups
(methylphenidate first versus placebo first) showed no indications of carryover effects
(all p >.05). Table 2 displays the results for the behavioral and academic performance
measures of the ADHD group during methylphenidate and placebo and for the TD
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group, as well as the group comparisons. GLMM analyses showed that methylphenidate
treatment resulted in large-sized reductions in ADHD symptoms (SWAN) according
to parents (t(62) = 5.90, β = 14.11, p = <.001, d = .96) and medium-sized reductions
according to teachers (t(61) = 4.74, β = 10.58, p = <.001, d = .62), confirming that
methylphenidate acts as a powerful agent to reduce ADHD symptoms.
For the academic performance measures, GLMM analysis showed significant effects
of methylphenidate with small to medium-sized effects on mathematical productivity
on the SAT, (t(62) = 3.88, β = 1.95, p = <.001, d = .19), and accuracy on mathematical
word problems (t(58.6) = 3.29, β = 10.07, p = .002, d = .31). On average, children with
ADHD were 2% more productive on the SAT and 9% more accurate on mathematical
word problems with medication compared to placebo. There were no significant effects
of methylphenidate on SAT accuracy, mathematical word problems productivity,
technical reading, or spelling (all p between .171 and .997).

3

Comparison of Academic Performance of ADHD and TD group
Table 3.2 displays mean accuracy and productivity on the academic measures for the
ADHD group and TD group with accompanying test statistics and effect sizes. On
average, on all academic tasks, academic accuracy and productivity of TD children was
higher than accuracy and productivity of children with ADHD taking placebo.
However, only for mathematical accuracy and productivity, these differences were
significant. Children with ADHD were less productive and less accurate on the SAT
than TD children with small to medium effects (t(122.2) = 3.80, p = <.001, d = .67 and
t(128) = 2.02, p = .045, d = .36, respectively). Furthermore, children with ADHD were
less accurate on mathematical word problems than TD children (t(121) = 2.19, p =.030,
d = .42). Because our ADHD and TD group significantly differed on SES, we repeated
the analyses with SES as a covariate using ANCOVA. After adjusting for SES, children
with ADHD were still less productive on the SAT (F(1,124) = 12.20, p = .001, d = .62).
However, the differences between our ADHD and TD groups in math accuracy just
escaped conventional levels of significance: F(1,124) = 3.24, p = .074, d = .32 and
F(1,119) = 3.34, p = .07, d = .33 for SAT accuracy and mathematical word problem
accuracy, respectively.
Although productivity on the SAT improved with medication in children with ADHD,
performance did not normalize, as productivity was still significantly worse in children
with ADHD taking methylphenidate than in TD children (t(117.9) = 3.0, p = .003, d
= .52). Calculating z-scores based on performance (items completed correctly) of the
TD group, children with ADHD on placebo lagged behind by .59 standard deviation
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Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; PLA placebo; MPH methylphenidate; SAT Speeded arithmetic test; WP
Mathematical word problems; OMR One minute reading test; Accuracy = items correct / items completed x 100%; Productivity = items completed / items available x
100%; 1 total score, ranging from-54 to +54 with negative values indicating ADHD symptoms; 3 level between 1-9 multiplied by number correct;
* p < .05 ** p < .01.
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compared to the mean SAT productivity of their TD peers. With medication, children
with ADHD improved, although performance still lagged behind by .45 standard
deviation compared to the mean SAT productivity of their TD peers. For mathematical
word problem accuracy, the difference between children with ADHD taking
methylphenidate and TD children was not significant (t(123) = .62, p = .534).
Mediator and Moderator Analysis
For those variables showing significant effects of medication, SAT productivity and
mathematical word problem accuracy, we used GLMM to test whether improvements
in academic performance related to reductions in parent- and teacher-rated ADHD
symptoms. When taking medication into account, symptom improvement according
to parents was a significant predictor of SAT productivity (t(67.1) = 2.20, β = .06, p =
.031), but did not predict accuracy on mathematical word problems (t(99) = .86, β =
.13, p = .392). The effect of medication on SAT productivity became marginally
significant (p = .057) when symptom improvement was added to the model. When
taking medication into account, symptom improvement according to teachers did not
predict SAT productivity, nor accuracy on mathematical word problems, respectively
(t(71.6) = 1.29, β < .04, p = .201) and (t(106.6) = .45, β = .06, p = .658). Next, we
performed multilevel mediation analysis to test whether parent-rated symptom
reductions mediated the effects of methylphenidate on SAT productivity. The results
showed that symptom improvement according to parents was a significant mediator
of the effects of methylphenidate on SAT productivity: For βa (effect of methylphenidate
on symptom improvement) = 14.11 (SE = 2.39) and βb (effect of symptom improvement
on mathematical productivity on SAT) = .06 (SE = .03), the product term βaβb was
greater than zero: .79 (SE = .39) with a 95% CI of [.08, 1.60].

3

For SAT productivity and mathematical word problem accuracy, we explored the
influence of the potential moderators: learning ability and ADHD symptom severity.
To this end, interaction effects between moderators and medication were calculated.
Significant interactions are depicted in Figure 3.2.
For SAT productivity, mathematical ability (as measured by SAT performance during
the placebo condition) moderated the effects of medication, although the interaction
just escaped conventional levels of significance (χ2(1) = 3.21, p = .073). To investigate
the nature of this effect, post-hoc analysis were conducted comparing high and low
ability groups which were created based on the mean z-score (mean of the TD group,
z = 0). Post-hoc analysis showed that medication was only effective in improving
mathematical productivity (SAT) for children with below average mathematical abilities
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(N = 24) (t(51) = 4.32, p = <.001), with a small effect size (d = .24), while the effect was
not significant for children with above average mathematical abilities (N = 39) (t(10)
= .21, p = .841, d = .03).
For mathematical word problem accuracy, mathematical ability (as measured by
performance on mathematical word problems during the placebo condition) moderated
the effect of medication (χ2(1) = 10.75, p = .001). Post-hoc analysis with groups split
on the mean z-score on mathematical word problem performance, showed that only
children with below average mathematical abilities (N=17) demonstrated significant
improvement in accuracy with a large effect size (t(16) = 3.95, p = .001, d = 1.16),
whereas this effect was not significant for children with above average mathematical
abilities (N=44) (t(41.4) = 1.41, p = .166, d = .13).
The possible moderator ADHD symptom severity (attentional- and hyperactive/
impulsive symptoms on DISC-P) did not interact significantly with either mathematical
productivity or mathematical word problem accuracy (all p-values between .253 and
.936). This indicates that ADHD symptom severity did not influence the effects of
methylphenidate on mathematical accuracy and productivity. To ensure that age did

Figure 3.2
Moderating effects of mathematical ability on SAT productivity and mathematical accuracy on WP. Panel A shows
the moderating effect of mathematical ability (as measured by SAT performance with placebo: above average
(N=39) versus below average (N=24)) on the beneficial impact of methylphenidate on SAT productivity. Panel B
shows the moderating effect of mathematical ability (as measured by WP performance with placebo: above average
(N=44) versus below average (N=17)) on the beneficial impact of methylphenidate on mathematical accuracy on
WP. SAT Speeded arithmetic test; TD Typically developing children; PLA Placebo; MPH Methylphenidate.
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not alter the effects of methylphenidate on math productivity or accuracy, we also
performed the analyses with age as a moderator. Age did not moderate the effects of
methylphenidate on any of the math outcomes (all p-values > .05).

DISCUSS ION
Academic underperformance is a major problem in ADHD (Daley & Birchwood, 2010;
DuPaul, 2007; Polderman et al., 2010). With this placebo-controlled crossover study
we investigated the effects of long-acting methylphenidate on academic accuracy and
productivity in a realistic school setting, using reliable and validated academic tasks.
Besides immediate effects of medication on academic performance, the influence of
learning ability, ADHD symptom severity and symptom improvement on the effectivity
of medication in improving school performance were studied.

3

Efficacy of the methylphenidate intervention compared to placebo was confirmed by
robust parent- and teacher-rated behavioral improvements with medium to large effect
sizes, in line with previous studies (MTA-group, 1999b; Van der Oord et al., 2008). For
academic accuracy and productivity, effects of methylphenidate were small to mediumsized and were limited to those academic subjects for which children with ADHD
underperformed in comparison to typically developing children: speeded arithmetic
(SAT) and mathematical word problems. For mathematical productivity on the SAT,
methylphenidate treatment resulted in a two percent increase in productivity but
performance did not normalize to the level of typically developing children, in line
with previous studies reporting increased math productivity on comparable tasks
(Froehlich et al., 2014; Prasad et al., 2013). Furthermore, with methylphenidate, a nine
percent increase in mathematical word problem accuracy was observed, and
performance of children with ADHD was comparable to performance of TD children.
Improvements in mathematical accuracy are less commonly shown in previous studies,
but not unseen (Douglas et al., 1986; Froehlich et al., 2014; Pelham Jr. et al., 1987;
Tannock et al., 1989) particularly with higher dosages (Baweja et al., 2015; Prasad et
al., 2013). In our study, dosage did not influence the effects of medication on any of
our academic measures (data available on request). We found no effects of
methylphenidate on reading or spelling. Previous studies on the effects of
methylphenidate on reading and spelling are scarce with one study reporting positive
effects and two studies reporting non-significant effects on reading accuracy, (Carlson
et al., 1992; Elia et al., 1993; Pelham Jr. et al., 1987) and no studies reporting
improvements in spelling productivity or accuracy with methylphenidate (Bental &
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Tirosh, 2008; Douglas et al., 1986). The absence of effects of methylphenidate on
reading and spelling may be due to the fact that our participants with ADHD did not
underperform in reading and spelling compared to TD children when receiving
placebo, which is in contrast with previous findings indicating underperformance in
reading comprehension for children with ADHD (Loe & Feldman, 2007). In the current
study we investigated technical reading, not reading comprehension. Although both
are essential skills learned in primary school, reading comprehension may be more
sensitive to methylphenidate-related improvements as reading comprehension is more
dependent on vocabulary and spatial intelligence than technical reading (Aarnoutse
& van Leeuwe, 1988). Indeed, earlier studies show effects of methylphenidate on spatial
intelligence (e.g., spatial working memory tasks (Coghill et al., 2014). This may explain
the absence of methylphenidate-effects on reading. Our hypothesis about a partially
mediating role for symptom improvement on methylphenidate effects for academic
performance was confirmed: Methylphenidate-related improvements in math
productivity were related to reductions in parent-rated ADHD symptoms. To our
knowledge, no previous studies have investigated the explanatory value of behavioral
improvements on medication-effects on school performance. Related to our findings
are the results of Froehlich et al. (2014), showing a mediating role for a proxy of
classroom behavior (on-task) on the effects of methylphenidate on math productivity
on a task comparable to the SAT. Their results already suggested a partially mediating
role for improvements in classroom behavior, but our study confirmed that this effect
is also observed when looking at ADHD symptom improvement. Parent-rated symptom
improvements only mediated the effects of methylphenidate on math productivity not
on accuracy. This may be because mathematical word problems are more challenging
than speeded arithmetic (Froehlich et al., 2014) and therefore improvements in
behavior may not be sufficient to also improve accuracy on such a task. In contrast to
our expectations, only parent-rated symptom improvement, but not teacher-rated
symptom improvement, mediated medication effectivity. Possibly parents are better
able to detect more subtle changes in their child’s behavior than teachers are, as parents
generally spend more time with their child, which probably makes parents a more valid
source of information for behavioral improvements in different settings (Shemmassian
& Lee, 2012).
The beneficial effects of methylphenidate on mathematical productivity and accuracy
were found to be moderated by mathematical ability, as only children with below average
mathematical abilities showed a significant improvement with methylphenidate, whereas
children performing above average did not improve on either productivity or accuracy.
Our findings suggest that lower mathematical abilities may predict better treatment
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outcomes, whereas previous work has suggested comparable efficacy of methylphenidate
for children with and without comorbid learning disorders (Williamson et al., 2014).
More research on this topic is necessary because in children with ADHD comorbidity
with learning disorders is very high (DuPaul, Gormley, & Laracy, 2013) and academic
problems are more stable in children with ADHD and comorbid learning disabilities
(Willcutt et al., 2007). Although our results suggest that the effects of methylphenidate
are at least partly dependent on ADHD diagnosis, future research could also shed light
on the independent effects of methylphenidate on math performance for non-ADHD
groups with learning challenges, although ethical concerns may be raised. Our results
show no moderating role for ADHD symptom severity. Thus, medication efficacy is
not larger for children with more ADHD symptoms and symptom severity is not a
predictor of medication effectivity for academic improvement, which is in line with
previous findings (Mattison & Blader, 2013).

3

Limitations
First, accuracy scores for mathematics on the SAT showed a ceiling effect, thereby
limiting room for improvement in our sample. For the SAT accuracy we also analyzed
only the 50% most difficult items per child, which also did not improve with
methylphenidate. In addition we performed sensitivity analyses for all children (51%)
that performed <95% accurate in the placebo condition. Also for this group the
methylphenidate effect was non-significant (results available on request). Second, our
trial had a limited duration (two weeks) and therefore has limited ecological validity
and generalizability. Long-term placebo-controlled trials with treatment periods of at
least two months allow for inclusion of school grades as measures of academic
improvement and show higher correlations with both school dropout and college
performance than standardized achievement tests (Allensworth & Easton, 2007; Zwick
& Green, 2007) and may therefore be more predictive of future academic perspectives.
However, long-term placebo-controlled trials are scarce because of ethical constraints
and suffer from low medication adherence and high drop-out rates. Thirdly, medication
dosage in our trial was identical to the clinical dosage prescribed by the treating
physician. Because the majority of prescribing physicians uses classical titration
procedures, this may possibly have resulted in lower methylphenidate efficacy in
improving ADHD symptoms (MTA-group, 1999a). However, although
methylphenidate-related improvements in academic accuracy and productivity may
also be higher with controlled titration, we opted for this approach to maximize
ecological validity and generalizability of our results. Further, we included primary
school children only and although this limits the generality of the sample, we believe
that the inclusion of primary school aged children is most relevant as the association
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between ADHD and academic underperformance is strongest in primary school (Daley
& Birchwood, 2010). Fourthly, teacher ratings of ADHD symptoms on the DBDRS
were not obtained for the TD group. However, the chance of including children with
ADHD in our TD group was minimized through screening for psychiatric morbidity
using parental reports about psychiatric morbidity and reports about the consultation
of mental health specialists. TD children were excluded if they scored above the 90th
centile on either the Inattentive or Hyperactive/Impulsive scale of the DBDRS or if
reported to have ever been diagnosed with a psychiatric disorder based. Also, in our
sample the estimated IQ of children with ADHD was lower than the IQ of TD children.
We did not control for this because controlling for IQ in neurodevelopmental disorders
such as ADHD is doubtful as IQ is not independent of the disorder and differences
between ADHD- and TD groups are pre-existent and not due to selection bias (Dennis,
Francis, Cirino, Barnes, & Fletcher, 2011). Although we decided to control for socioeconomic-status (SES) when comparing our ADHD and TD group, a common causal
factor for both lower SES and a diagnosis of ADHD cannot be ruled out. Finally,
behavioral outcomes were evaluated by teachers and parents only, not clinicians, as the
focus of this research lays on academic achievement, therefore making teachers and
parents the most reliable sources of information.
Clinical implications. The finding that behavioral improvements with methylphenidate
mediate the effects of this number one treatment for ADHD (Antshel et al., 2011) on
math productivity are important because improvements in school performance are a
major treatment goal. It is promising that methylphenidate-related reductions in
parent-rated ADHD symptoms are related to improvements in math productivity with
methylphenidate because behavioral response is a determinant for titration of
medication. However, our results also confirm previous research that the effects of
methylphenidate are selective and only significant for math and not for reading and
spelling. This is in contrast with the generally high expectations of parents, teachers
and treating physicians on the efficacy of methylphenidate in academic improvement.
If further research on the moderating effects of learning abilities confirms the
importance of initial academic abilities for positive medication effects on school
performance, current grades should be taken into account when choosing optimal
treatment.
In summary, small to medium effects of methylphenidate on mathematical productivity
and accuracy were shown. Methylphenidate did not improve spelling performance or
reading productivity. Improvements in math productivity, but not accuracy, were
related to parent-rated improvements in ADHD symptoms. Thus, children showing
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more behavioral improvements when treated with methylphenidate compared to
placebo, showed more improvements in mathematical productivity. Further, in our
sample, efficacy of methylphenidate was limited to children with lower-than-average
mathematical abilities. Although for children with lower academic abilities these
improvements are most relevant, short-term improvements on standardized task do
not guarantee school grade improvements in the long run. In conclusion, results from
this study suggest that high expectations of school improvements resulting from
medication treatment should be tempered because at least short term effects of
methylphenidate are limited to mathematical accuracy and productivity. In addition,
individual differences in behavioral treatment response and learning abilities should
be taken into account when prescribing stimulants to children with ADHD as children
showing better behavioral treatment response and children with lower learning abilities
may profit more from this type of medication.

3
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ABSTRACT
Objectives
This study investigated whether improvements in working memory, reaction time,
lapses of attention, interference control, academic motivation and perceived competence
mediated effects of methylphenidate on math performance.
Methods
Sixty-three children (ADHD diagnosis; methylphenidate treatment; age 8-13; IQ>70)
were randomly allocated to 7-day methylphenidate- or placebo-treatment in this
double-blind placebo-controlled crossover study; compared to 67 controls. Data were
collected at schools and analyzed using mixed-model analysis. Methylphenidate was
hypothesized to improve all measures; all measures were evaluated as potential
mediators of methylphenidate-related math improvements.
Results
Controls mostly outperformed the ADHD-group. Methylphenidate did not affect
measures of cognitive functioning (p=.082-.641), nor academic motivation (p=.199.865). Methylphenidate improved parent-ratings of their child’s self-perceived
competence (p<.01), which mediated methylphenidate-efficacy on math productivity.
Conclusion
These results question the necessity of improvements in specific cognitive and
motivational deficits associated with ADHD for medication-related academic
improvement. They also stimulate further study of perceived competence as a mediator.
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INTRODUC T ION
Attention-Deficit Hyperactivity Disorder (ADHD) is a developmental disorder
characterized by attentional problems, hyperactivity and impulsivity (American
Psychiatric Association, 2013). Children with ADHD often experience problems at
school, varying from mild underperformance to the need for special education or
school drop-out (G. J. DuPaul, 2007). Academic underperformance is one of the main
reasons for referral for treatment with stimulant medication being the most commonly
prescribed treatment (Wright et al., 2015). Although behavioral improvements of
stimulant medication are robust (MTA-group, 1999b; Van der Oord et al., 2008), effects
on academic performance are often limited to mathematical performance and
improvements in quality (accuracy) are generally smaller than improvements in
productivity (e.g. Benedetto-Nasho & Tannock, 1999; Froehlich et al., 2014; McGough
et al., 2006; Murray et al., 2011). Effect sizes are small and improvements in schoolwork
quality are less evident. Moreover, evidence for long term improvement of academic
performance is lacking so far (Arnold, Hodgkins, Kahle, Madhoo, & Kewley, 2015;
Baweja, Mattison, & Waxmonsky, 2015; Froehlich et al., 2014; Kortekaas-Rijlaarsdam,
Luman, Sonuga-Barke, Bet, & Oosterlaan, 2017b; Langberg & Becker, 2012; Prasad et
al., 2013).

4

In addition to ADHD symptoms, cognitive and motivational problems may further
contribute to academic underperformance in children with ADHD ( Luman et al.,
2005; Willcutt et al., 2005). Cognitive problems of children with ADHD are especially
apparent in attention, working memory and response inhibition, all functions where
deficits have previously shown to be associated with academic underperformance
(Joseph Biederman et al., 2004; Mayes & Calhoun, 2007b; Preston et al., 2009; Thorell,
2007). Given the robust evidence for these specific cognitive deficits in children with
ADHD and the association of such deficits with academic underperformance, these
deficits might also contribute to the academic problems of these children (Mullane,
Corkum, Klein, & McLaughlin, 2009b; Willcutt et al., 2005).
Several studies suggest that low academic motivation also contributes to the academic
underperformance of children with ADHD (DuPaul et al., 2004; Langberg, Arnold,
Hinshaw, & Swanson, 2012). For example, self-rated intrinsic academic motivation is
lower for children with ADHD than for typically developing (TD) children. These
motivational problems are also confirmed by lower parent- and teacher-ratings of these
children’s academic motivation (Carlson et al., 2002). This lower intrinsic academic
motivation is likely to negatively influence school performance for children with
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ADHD (Gut et al., 2012). Supporting this, low motivation for schoolwork has been
shown to mediate the relation between ADHD symptoms and academic
underperformance by decreasing study skills (DiPerna, Volpe, & Elliott, 2005; Volpe
et al., 2006). Besides lower intrinsic academic motivation, children with ADHD also
show altered sensitivity to punishment and reward ( Luman et al., 2005), which may
alter the extrinsic motivation for school work. Extrinsic motivation is important to
perform well at school because rewards and punishments, such as feedback and grades,
are widely used methods to enhance academic performance. Children with ADHD
have been shown to depend more on external rewards than TD children in terms of
optimal cognitive functioning ( Luman et al., 2005). As the amount of feedback at
school is usually comparable for all children, a lack in external rewards in class in
addition to low intrinsic motivation may further impair academic performance.
In addition to motivation for schoolwork, perceived academic competence has been
shown to influence academic performance (Skinner, Wellborn, & Connell, 1990;
Spinath, Spinath, Harlaar, & Plomin, 2006; Steinmayr & Spinath, 2009). Perceived
academic competence includes beliefs about one’s own capacities and abilities, and has
reciprocal relationships with academic performance, with higher competence
improving performance and better performance increasing perceived competence
(Guay et al., 2003). Perceived competence is theorized to precede intrinsic motivation,
suggesting that children with ADHD with lower intrinsic academic motivation may
also perceive their own competence as lower than TD children (Deci & Ryan, 1985;
Harter, 1981; Wigfield & Eccles, 2000). Indeed, a study by Scholtens et al. (2013) showed
that ADHD symptoms are negatively associated with self-rated perceived academic
competence in adolescents with ADHD. Together, these findings suggest that besides
cognitive deficits and low academic motivation, a reduction in perceived academic
competence may further explain academic underperformance in children with ADHD.
Accumulating evidence suggests that stimulant medication improves cognition, with
small to medium effect sizes for working memory, large effect sizes for lapses of
attention and moderate effect sizes for response inhibition (Coghill, Seth, et al., 2014;
Pietrzak et al., 2006). Although studies into the effects of stimulants often report
improvements in both cognition and academic performance, the relation between
these is rarely studied. For example, both Murray and et al. (2011) and Wigal et al.
(2011) show that methylphenidate-related improvements in reading and math are
accompanied by improvements in attention, including fewer lapses of attention.
However, it is unclear whether these improvements in attention mediate the effects of
methylphenidate (MPH) on school performance. Studies into the effects of stimulant
medication on motivational deficits and perceived competence in ADHD are scarce
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and inconsistent. One study showed no improvement in self-rated perceived academic
competence with MPH compared to placebo (Ialongo, Lopez, Horn, 1994), whereas
another study showed that MPH improved reward sensitivity for delayed rewards in
children with ADHD, suggesting enhanced extrinsic motivation (Shiels et al., 2009).
The lack of studies on the effect of stimulant medication on motivational deficits in
ADHD, despite the abundant use of this type of medication to treat ADHD and the
evidence that such pharmacological agents have substantial effects on the motivational
attitude of healthy subjects (Nora D. Volkow et al., 2004), is striking. Stimulant
medication is thought to impact on the dopamine-based brain networks, which include
structures such as the ventral striatum, which are active during reward processing
(Volkow et al., 2004) and activity in these networks is found to increase the salience of
outcomes and improve the motivation to perform (Shiels et al., 2009; Swanson et al.,
2004). Thus, it is likely that stimulant medication improves aspects of academic
motivation in children with ADHD.
The current study aimed to gain more insight into the effects of MPH on a number of
specific cognitive processes known to be associated with ADHD, and deficits in both
motivation and competence; factors that are important for academic performance. The
acute effects of MPH on cognition (working memory, lapses of attention and
interference control), academic motivation (intrinsic and extrinsic) and perceived
academic competence were investigated using a double blinded, placebo-controlled
cross-over design. Previously, we demonstrated that MPH improved mathematical
productivity and accuracy, and that improvements in mathematical productivity were
mediated by symptom improvements (Kortekaas-Rijlaarsdam et al., 2017b). Here, we
extended these findings to unravel the mechanism behind medication-related
improvements in math performance. We therefore investigated the mediating role of
these cognitive functions, motivation and competence in MPH-related improvements
in math. Performance of children with ADHD on placebo was compared to performance
of TD children. We expected children with ADHD on placebo to show deficits in
cognition, motivation and perceived competence (Carlson et al., 2002; Luman et al.,
2005; Mullane et al., 2009b; Scholtens et al., 2013; Willcutt et al., 2005). Further, we
hypothesized MPH to improve math performance through (1) improvements in
working memory, lapses of attention and interference control (Coghill et al., 2013;
Mayes & Calhoun, 2007; Pietrzak et al., 2006; Preston et al., 2009; Thorell, 2007) and
(2) increases in intrinsic academic motivation, extrinsic motivation and perceived
academic competence (DuPaul et al., 2004; Gut et al., 2012; Langberg et al., 2012;
Volkow et al., 2004).

4
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M ETHODS
Participants
Sixty-five children with ADHD were recruited between 2012 and 2014 through four
mental health clinics in the Netherlands, the Dutch parent association for children with
developmental problems, and the study’s website. Sixty-seven TD children were recruited
in the same period through primary schools. Inclusion criteria for both groups were (1)
age between 8 and 13 years, (2) at least one year of Dutch primary school education to
ensure full understanding of test instructions, and (3) an estimated full-scale IQ of at
least 70. Full-scale IQ was estimated using a short form of the Wechsler Intelligence
Scale for Children, Third edition (WISC-III; including the substest Information,
Vocabulary, Block Design and Symbol Search; Wechsler, 1991), with excellent validity
(r = .91) and reliability (rxx = .93) for estimating full-scale IQ (Sattler, 2001).
In addition, children with ADHD met the following criteria: (1) a clinical diagnosis of
ADHD confirmed by the Diagnostic Interview Schedule for Children for DSM-IV,
parent version (DISC-P; Shaffer et al. 2000), and (2) a score > 90th percentile on the
Inattentive and/or Hyperactive/Impulsive scale of both parent and teacher version of
the Disruptive Behavior rating scale (DBDRS; Oosterlaan et al. 2000; Pelham et al.
1992) to ensure symptom severity and pervasiveness, (3) treatment with MPH or
indication for treatment with MPH, and (4) no concomitant (parent reported)
neurological disorders or autism spectrum disorder. Children in the TD group were
included if they had no (parent reported) psychiatric or neurological disorder, including
ADHD. To ensure the absence of ADHD, children in the TD group were required to
obtain scores ≤ 90th percentile on the Inattentive and Hyperactive/Impulsive scale of
the parent version of the DBDRS. In addition, the chance of including children with
ADHD in our TD group was minimized through screening for psychiatric morbidity
using parental reports about psychiatric morbidity and reports about the consultation
of mental health specialists. TD children were excluded if reported to have ever been
diagnosed with a psychiatric disorder.
Two children in the ADHD group did not complete the trial due to adverse events
unrelated to the intervention, resulting in 63 participants with ADHD completing the
trial.
Medication Design
A randomized double-blind placebo-controlled crossover design was used to compare
the direct effects of extended release MPH (Equasym XL®) with placebo. Equasym XL®
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has an eight hour duration of action with a 30% component of immediate release and a
70% component of extended-release 4-5 hours after dosing (Banaschewski et al., 2006).
Although we accepted applications of stimulant naïve children, children were only
included after successful titration by their treating physician and after a period of stable
treatment (at least 3 weeks; mean duration of treatment was 30.7 months, SD = 19.1).
Titration was performed in a classical manner (increasing dose gradually until maximal
symptom improvement is reached with tolerable side effects), in conformity with standard
clinical practice (e.g. see NICE guidelines: “Attention deficit hyperactivity disorder:
diagnosis and management,” 2016). Before enrollment in the study, medication washout
was achieved using a period of at least 48 hours prior to the start of the first treatment
week and between the two treatment weeks. Children were tested on the last day of each
treatment week at their own primary school. Medication was prescribed by the treating
physician. Doses were identical to those clinically titrated and currently prescribed. When
a child was treated with immediate release MPH the long-acting equivalents was
calculated taking into account differences in plasma concentrations and duration of
action between the different brands of long-acting MPH, as described in Banaschewski
et al. (2006). Daily doses varied between 10 and 40 mg, with 27% of the children receiving
10 mg, 44% receiving 20 mg, 24% receiving 30 mg and 5% receiving 40 mg. Both active
MPH and placebo capsules were inserted in other capsules to ensure visual equality. Our
academic pharmacist, who was not in contact with any participants, was responsible for
randomization using predefined randomization blocks to determine medication or
placebo sequence. Researchers, children, parents and teachers were blinded to the
intervention. Due to the low drop-out risk randomization occurred without replacement.

4

Materials
Table 4.2 provides an overview of all cognitive and motivational variables.
Cognition
Verbal working memory was measured with Digit Span backwards of the WISC-III,
which has good reliability and validity (Wechsler, 2005). Participants repeated
sequences, with increasing span, in reversed order. The task was terminated when a
child made two errors on trials of the same sequence length, or when participants
reached the maximum span of seven. The dependent variable was the total number of
correct responses multiplied by the highest sublevel passed (Kessels, Zandvoort van,
Postma, Kapelle, & Haan de, 2010).
In the visuospatial working memory task participant reproduced (Nutley et al., 2009),
in backward order, sequences of yellow circles with increasing difficulty (one circle
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was added every four trials and the position of stimuli were manipulated every two
trials from positions with low to high memory load), which were presented in a 4x4
grid on a computer screen.. The task was terminated when the participant failed to
accomplish both trials at a certain difficulty level. Reliability and validity of this task
have been demonstrated (Nutley et al., 2009). The total number of correct responses
multiplied by the highest difficulty level achieved served as the dependent measure.
Reaction time (RT) speed, lapses of attention, and interference control were measured
with a modified version of the Flanker task, which has adequate reliability and validity
(Eriksen & Eriksen, 1974; Fan, McCandliss, Sommer, Raz, & Posner, 2002). Participants
pressed one of two buttons corresponding to the direction of a target arrow presented
on a computer screen. The target arrow was flanked by identical arrows (congruent),
arrows pointing in opposite direction (incongruent) or horizontal rectangles (neutral).
Following practice, four blocks of 12 trials were completed. RT speed was calculated
from the neutral trials and corrected for accuracy to control for speed accuracy tradeoff. For this purpose, inverse efficiency scores (mean RT divided by proportion correct)
were used as dependent variables (Mullane et al., 2009b). Lapses of attention (tau)
were reflected in the exponential component of the reaction time distribution,
calculated using the model of Lacouture & Cousineau (2008) excluding trials with
extreme slow responses (>3SD above the mean). Interference control was measured
by calculating the difference between inverse efficiency scores in congruent and
incongruent trials (Mullane et al., 2009b).
Motivation and perceived academic competence
Intrinsic motivation was measured using the Children’s Academic Intrinsic Motivation
Inventory, which has adequate reliability (CAIMI; (Gottfried, 1986; Gottfried, 1985).
This is a self-report questionnaire about the enjoyment of learning, comprising three
subscales: General (18 statements), Math and Reading (each 26 statements). Items were
scored on a 5-point Likert scale.
Extrinsic motivation (sensitivity to punishment and reward) was measured using the
parent-rated Sensitivity to Punishment and Sensitivity to Reward Questionnaire for
Children (SPSRQ-C) (Colder & O’Connor, 2004; Luman, Van Meel, Oosterlaan, &
Geurts, 2012). Punishment sensitivity (15 items; 5-point Likert scale) and Reward
responsivity scales (7 items; 5-point Likert scale), were used.
Self- perceived academic competence was measured using the School scale of the Self
Perception Profile for Children, which as adequate reliability and content validity
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(SPPC: Veerman, Straathof, Treffers, van den Bergh, & ten Brink, 2004). Six statements
were (self-)rated by children, their parents and teachers on a 4-point Likert scale. For
all questionnaires, raw scale cores were used as dependent variables.
Analyses
Participation of 63 children was sufficient to guarantee .80 power (α=.05) to detect
MPH effects (Twisk, 2013). Performance of the ADHD group was compared to the TD
group using independent sample t-tests or, in case of non-normality, Wilcoxon SignedRank Tests, using SPSS version 21 (IBM, 2012). Outliers were rescaled to the nearest
observation plus one unit. MPH effects on cognition, motivation and competence were
estimated using generalized linear mixed model (GLMM) analysis with a fixed effect
for treatment and a random intercept to control for within subject dependency of
measurements.
For cognitive, motivational and competence measures that improved significantly with
MPH, the possible mediating effect of this variable on academic improvement with
MPH was estimated. Elsewhere, we demonstrated positive effects of MPH on
mathematical productivity and accuracy (for details see Kortekaas-Rijlaarsdam et al.,
2017b), thus variables were selected as possible mediators if (1) there was a significant
effect of MPH on the mediator, and (2) there was a significant effect of the mediator
on math performance when controlled for treatment condition. One case was missing
for the CAIMI measuring intrinsic motivation, 3 cases were missing for parent-rated
academic competence and 5 cases were missing for teacher-rated academic competence.
Using GLMM with a random intercept, we calculated the regression coefficients of the
effects of MPH on the mediator (βa) and of the mediator on math performance (βb)
when fixed effects of both MPH and the mediator were entered in the model. To
quantify the significance of the mediator, the product term βaβb of the regression
coefficients with accompanying confidence interval was calculated using the asymptotic
normal distribution method (Krull & MacKinnon, 2001; Tofighi & Mackinnon, 2011),
thereby assuming a covariance of zero between βa and βb (Tofighi et al., 2009). If the
95% CI did not include zero, the effect of the mediator was significant.

4

Procedure
The study was approved by the local ethics committee. All parents as well as children
above the age of 11 provided written informed consent prior to enrollment in the
study. For children with ADHD, after the screening procedure confirming the ADHD
diagnosis and establishing sufficient intelligence (IQ>70), testing took place on the
last day of each treatment week and started 60 to 90 minutes after medication intake.
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Testing was done individually in a quiet room within the primary school of the child.
Total testing time was 120 minutes (including breaks). Testing occurred during plasma
peak levels of methylphenidate (Banaschewski et al., 2006). On testing days, teachers
and parents were asked to fill out the SPPC and SPSRQ-C covering behavior on the
previous seven days. In each medication condition, treatment duration was 7 days.
This allowed parents to observe their child’s behavior when medication was active,
particularly during weekends and during two additional afternoons on which children
of 8-12 years are at home from school. Thus, parents observed their children for a
total of three full days in each condition, including breakfast and dinner. Teachers
observed their students for three full school days and two school mornings. After a
short explanation of the procedure, testing started with the SPPC, followed by the
Flanker task, visuospatial working memory task, CAIMI and verbal Digit Span
backwards. The TD group was assessed only once. Testing procedures were identical
in the ADHD and TD group, with the exception that the testing of the TD group was
preceded by a short version of the WISC-III to estimate TD children’s IQ as TD
children were first seen on the day of the assessment. Participants with ADHD received
a small gift.

RESULTS
Group characteristics of the ADHD and TD group are shown in Table 4.1. In our
ADHD group we included 14 children in grade 4-5 (age 8-9), 19 children in grade 6
(age 9-10), 17 children in grade 7 (age 10-11) and 13 children in grade 8 (age 11-13).
Our TD group included 19 children in grade 4-5, 14 children in grade 6, 16 children
in grade 7 and 18 children in grade 8.
Comparisons of Cognition, Motivation and Competence of ADHD and TD Group
Table 4.2 displays the results for the academic, executive functions (EF), motivational
and competence measures of the ADHD group during MPH and placebo and for the
TD group. Three subjects in the TD group and two subjects in the ADHD group had
missing data on the measure of accuracy for mathematical word problems. On the EF
measures, data were missing for one ADHD subject for the verbal working memory
task, the visuospatial working memory task and the Flanker task. For the TD group,
data were missing for one subject for the verbal working memory task and for two
subjects on the Flanker task. Missing values were not imputed.
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ADHD (Placebo) Versus TD
The ADHD group on placebo showed worse performance on the visuospatial working
memory task and more lapses of attention than the TD group (t(128) = 3.52, p = .001,
d = .63 and t(125) = 3.74, p <.001, d = .67, respectively). Differences between the ADHD
and TD group were not significant for performance on the Digit Span backwards, RT
speed and interference control. In addition, children with ADHD on placebo rated
their intrinsic motivation for math on the CAIMI as significantly lower than TD
children (t(127) = 2.61, p = .01, d = .46), whereas group differences in intrinsic
motivation for schoolwork in general and for reading were not significant. Children
with ADHD on placebo also showed higher reward responsivity and higher sensitivity
to punishment on the SPSRQ-C (t(125) = -3.73, p<.001, d = .67 and t(125) = 1.90, p =
.06, d = .34, respectively) although the latter just escaped conventional levels of
significance. Children with ADHD on placebo perceived their own academic
competence (SPPC) as significantly lower than TD children, a finding that was
corroborated by competence ratings of both parents and teachers (t(128) = 3.96, p
<.001, d = .70 and t(125) = 7.18, p <.001, d = 1.28 and t(126) = 5.80, p <.001, d = 1.03,
respectively).

4

MPH Effects on Cognition, Motivation and Competence
MPH failed to result in any significant beneficial effects on the performance on Digit
Span backwards, the visuospatial working memory task, RT speed, lapses of attention
and interference control (see Table 4.2). GLMM analysis showed that the effect of MPH
on self-rated competence according to parents (SPPC) was significant with a medium
effect (t(60.60) = 2.93, β = -1.05, p = .005, d = .53). MPH did not affect academic
competence rated by the child or teacher, intrinsic academic motivation (CAIMI
General, Math and Reading) or sensitivity to punishment or reward (SPSRQ-C) (see
Table 2).
Mediation Analysis
For parent-rated self-perceived competence, the first two criteria for mediation (Baron
& Kenny, 1986) were met as MPH positively influenced math productivity and accuracy,
as well as parent-rated self-perceived competence. To investigate whether the third
criterion for mediation was met, GLMM was used to test whether parent-rated selfperceived competence affected math productivity and accuracy. Parent-rated selfperceived competence significantly affected math productivity but not accuracy when
entered in a model with medication treatment: t(74.1) = 3.30, β = .53, p = .001 and
t(114.4) = 1.67, β = 1.34, p = .097, respectively. The addition of parent-rated selfperceived competence to the model of the effects of MPH on math productivity reduced
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the influence of MPH: For math productivity the effect of MPH reduced from β = 1.95
(p < .001) to β = 1.41 (p = .007). To ensure that age did not alter the effects of parentrated self-perceived competence and MPH on math productivity, we also performed
the analyses with age as a moderator. Age did not moderate the effects of MPH on any
of the math outcomes (all p-values > .05). To quantify the influence of parent-rated
self-perceived competence as a partial mediator of the effects of MPH on math
productivity, we performed multilevel mediation analysis using GLMM. The results
showed that parent-rated self-perceived competence was a significant mediator of the
effects of MPH on math productivity: For βa (effect of MPH on parent-rated selfperceived competence) = 1.06 (SE = .36) and βb (effect of parent-rated self-perceived
competence on math productivity) = 0.53 (SE = .16), the product term βaβb was 0.56
(SE = .26) with a 95% CI of [.13, 1.15], not including zero.

Table 4.1 Group Characteristics of the ADHD and TD Group

Percentage boys (N)

ADHD
(N=63)

TD
(N=67)

ADHD v TD

68.25 (43)

59.70 (40)

χ2=1.03

M

SD

M

SD

Age

10.49

1.24

10.16

1.32

t=-1.43

Estimated IQ

97.68

13.82

106.10

12.93

t=3.45**

Inattention

17.46

4.40

3.78

2.98

t=-20.86**

Hyperactivity/Impulsivity

13.21

5.32

3.06

2.75

t=-13.78**

ODD

7.21

4.28

CD

1.68

2.43

Inattention

16.40

4.88

Hyperactivity/Impulsivity

11.89

6.91

ODD

4.92

4.82

CD

1.14

2.24

Inattention

7.83

1.16

Hyperactivity/Impulsivity

6.22

2.40

ODD

2.95

2.29

CD

0.46

1.08

DBD parents

DBD teacher

DISC parents

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; DBD Disruptive Behavior
Disorder rating scale; DISC Diagnostic Interview Schedule for Children, ODD Oppositional defiant disorder; CD
Conduct disorder
**p<.01
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76.34
80.08
22.32
38.23
15.05
14.40
14.19

Intrinsic motivation Reading (CAIMI)

Reward responsivity (SPSRQ-C)

Sensitivity to punishment (SPSRQ-C)

Self-perceived competence (SPPC-S)

Parent-rated self-perceived competence (SPPC-S)

Teacher-rated self-perceived competence (SPPC-S)
2.99

2.82

3.17

9.32

4.99

19.99

20.70

8.47

63.94

74.72

133.41

33.86

9.81

SD

M

14.32

15.44

15.41

37.69

21.77

81.33

77.37

60.13

104.77

135.57

625.51

57.66

SD

3.25

3.37

3032

10.12

5.22

19.85

20.39

9.91

135.11

88.06

135.18

37.27

12.89

MPH

16.22

ADHD

17.21
4.24
7.72
2.52
2.78
3.20

19.26
35.35
17.03
17.97
17.38

63.72

85.54

83.75

75.14

100.52

8.24

136.76

610.92

13.87

35.21

76.30

84.39

9.02

15.58

62.48

SD

M

TD

.87

2.93**

1.30

-.94

-.98

1.04

.90

.17

.621

-1.77+

4284(W)

.47

486(W)

t

d

0.53

0.32

PLA v MPH

PLA v TD

5.80**

7.18**

3.96**

-1.90++

-3.73**

1.12

2.61*

1.65

2339(U)

-3.74**

-.75

3.52**

1779.5(U)

t

1.03

1.28

0.70

0.34

.67

0.46

.67

.63

d

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; PLA placebo; MPH methylphenidate; SAT Speeded arithmetic test; WP
Mathematical word problems; DS Digit span backward; CAIMI Children’s academic intrinsic motivation inventory; SPPC-S Self perception profile for children – school
scale; SPSRQ-C Sensitivity to punishment and sensitivity to reward questionnaire for children; IE inverse efficiency calculated as mean RT/proportion correct; RT
reaction time; W = Wilcoxon signed-rank test statistic; U = Mann-Whitney U test statistic; Accuracy = items correct / items completed x 100%; Productivity = items
completed / items available x 100%; 1treatment (MPH versus placebo) by condition (congruent versus incongruent) interaction
* p < .05 ** p < .01. + p=.08 ++ p=.06

60.05

Intrinsic motivation Math (CAIMI)

100.18

150.33

628.86

54.95

13.98

Intrinsic motivation General (CAIMI)

Motivation and competence

IE (Flanker, incongruent – congruent)

Interference control

Tau (Flanker, neutral condition)

Lapses of attention

IE (Flanker, neutral condition)

RT speed

Number correct*achieved level (Grid)

Visuospatial working memory

Number correct*achieved level (DS)

Verbal working memory

Cognition

M

PLA

Table 4.2 Effects of MPH on Cognition, Academic Motivation and Self-perceived Academic Competence
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DISCUSSION
In the current study, we investigated the effects of methylphenidate on cognitive
functions important for learning, academic motivation and perceived academic
competence. To better understand the limited and selective academic medicationrelated improvements in children with ADHD (Langberg & Becker, 2012; Prasad et
al., 2013) we aimed to identify possible mediators of methylphenidate-related
improvements in math performance. Our results corroborate with earlier studies in
showing that children with ADHD not only underperform in comparison to their TD
peers on school subjects (DuPaul, 2007; Kortekaas-Rijlaarsdam et al., 2017b), but also
perform worse on cognitive measures important for academic performance. More
specifically, we found children with ADHD to be impaired in terms of visuospatial
working memory and lapses of attention (Mullane et al., 2009b; Willcutt et al., 2005).
Furthermore, children with ADHD were found less motivated for schoolwork,
specifically for math, in line with previous reports (Carlson et al., 2002). In addition,
our results confirm that children with ADHD may be somewhat more sensitive to
punishment and reward than TD children (Luman et al., 2005). Moreover, selfperceived competence (according to children, their parents and their teachers), was
lower for the ADHD group than for the TD group, which corroborates the previous
finding of a negative relationship between ADHD symptoms and self-perceived
competence (Scholtens et al., 2013).
Although group differences in cognitive performance and academic motivation
between our ADHD group and the TD group were large and previous literature reports
positive effects of MPH on cognition and motivation for learning, our results tone
down the importance of these variables in the explanation of MPH-related academic
improvements. In spite of testing an elaborate set of relevant cognitive and motivational
variables overall we found no improvements in cognition and motivation with MPH
compared to placebo. As our ADHD group clearly underperformed on the selected
variables in comparison to TD peers, it is unlikely that these results are due to lack of
room for improvement in our ADHD group. We also trust that the absence of effects
is not due to lack of power, as we had sufficient power to detect medium sized effects
which seems suitable for the selected cognitive variables based on a recent meta-analysis
(Coghill, Seth, et al., 2014). In addition, standardized mean differences of the effects
of MPH on cognition and motivation are small (mostly <.05), supporting the idea that
our results are not due to a lack of power. Further, we investigated a specific set of
cognitive measures (working memory, reaction time, lapses of attention and interference
control), which are often affected in children with ADHD and related to academic
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underperformance (Biederman et al., 2004; Mayes & Calhoun, 2007b; Preston et al.,
2009; Thorell, 2007). There are however, many more ADHD-related cognitive processes
that we have not included in our study and that may show methylphenidate-related
improvements relevant for academic performance.
For self-perceived academic competence, differences between children with ADHD
and TD children were large and corroborated by all informants (self-rated, parents and
teachers). However, only parent-rated self-perceived academic competence improved
significantly with MPH. A possible explanation for this finding is that parent-rated
self-perceived competence relies more on symptom improvements than on actual
academic performance and that parents are more sensitive to detect such behavioral
improvements in diverse settings than teachers (Shemmassian & Lee, 2012). In a
previous study, we showed that parent-rated symptom improvements mediated math
productivity (Kortekaas-Rijlaarsdam et al., 2017b). There may have been room for bias
here: If parents observed symptom improvements in their child, they may have been
more prone to rate their child’s self-perceived competence as higher. However, although
parent-rated academic competence and parent-rated symptom improvements correlate
significantly (r = .53) in our sample, parent-rated academic competence significantly
predicted math performance over and above parent-rated symptom improvements
when entered together in a model (t(76.3) = 2.54, β = 0.48, p = .013).

4

Our results show that parent-rated self-perceived academic competence mediates the
positive effects of MPH on math productivity. This is an important finding, as
motivation and self-perceived competence are especially important for school
performance of children with ADHD (Gut et al., 2012). Given the reciprocal relationship
between academic competence and performance (Guay et al., 2003), the finding that
parent-rated self-perceived academic competence increases over such a short period
(7 days) is promising; higher perceived competence is not only directly related to better
academic outcomes (DuPaul et al., 2004; Volpe et al., 2006), but may also precede
motivational changes in the child, which in turn, may improve study skills and thereby
further improve academic performance (DiPerna et al., 2005; Wigfield & Eccles, 2000).
The fact that parent-rated self-perceived competence only mediated MPH-related
improvements in math productivity is also in line with the findings by Skinner et al.
(1990). In that study, a relation was observed between self-perceived competence and
classroom participation. Such improved classroom participation is likely to directly
result in higher productivity but does not necessarily result in higher accuracy. The
fact that we found a mediating effect for self-perceived competence only is also in line
with findings from Steinmayr et al. (2009), showing that self-perceptions of ability are
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a better predictor of academic performance than self-reported intrinsic values.
However, previous research focused on child-ratings (self-ratings) of self-perceived
competence, whereas we find MPH-related improvements in parent-rated selfperceived competence. We focused on parent-ratings because such ratings may be more
reliable than ratings done by the young children included in the study. More research
on this topic is necessary.
In addition, it is important to consider whether the way a cognitive process was assessed
influenced our findings. – i.e., laboratory task measures versus parent-/teacher- or
self-report questionnaires. Perhaps questionnaires are more sensitive in general
compared to tasks. Future studies should include questionnaire-based measures tapping
the same processes as the tasks. Furthermore, for ethical reasons our trial had a limited
duration of two weeks and therefore results do not necessarily generalize to long-term
academic outcomes. However, within this short period, significant improvements in
parent-rated self-perceived competence were apparent and MPH resulted in
improvements on most cognitive, motivation and competence measures. It might be
speculated that a longer-term trial may result in additional improvements in cognition
and motivation, for example resulting from improved competence (Wigfield & Eccles,
2000). To maximize ecological validity, we included children after titration by their
treating physician following current standard clinical guidance. This may, however,
have resulted in lower methylphenidate efficacy compared to double-blind titration
procedures (MTA-group, 1999b). Furthermore, all participants were already treated
with MPH, therefore it is hard to distinguish between acute and chronic effects of
MPH. Baseline measures (without MPH or placebo) were not part of the current design.
As placebo-effects of MPH are usually strong in studies with comparable duration
(Krogsbøll, Hróbjartsson, & Gøtzsche, 2009), this could explain the absence and
magnitude (small) of effects in our study. Adding a baseline measure in future studies
may help clarify the interpretation of MPH effects on cognitive performance further.
In addition, although our questionnaires on motivation and perceived competence
have good psychometric qualities, this is the first study that investigates the impact of
stimulants on these questionnaire scores. Therefore, their sensitivity to detect stimulant
effects is still unknown.
In conclusion, our results confirm that ADHD is associated with deficits in working
memory, increases in lapses of attention, lower academic motivation and lower
perceived competence, variables that have proven important for school performance.
Our results tone down the importance of cognition and motivation in the explanation
of MPH-related improvements in academic functioning. Short-term MPH-related
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improvements are apparent for parent-rated academic competence. More specifically,
these improvements in parent-rated competence mediate the positive effects of MPH
on math productivity which may be promising for longer-term improvements in
motivation and academic performance.

4
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ABSTRACT
Objective
This study investigated the effects of medication on reinforcement learning in children
with ADHD. We extended previous work by investigating acquisition of stimulusreward associations, generalization of this knowledge to novel stimulus-pairs, and
reversal learning, in the context of a double-blind placebo-controlled cross-over design.
Children with ADHD were hypothesized to show impairments in reinforcement
learning and MPH was hypothesized to ameliorate these effects.
Materials and methods
Sixty-three children diagnosed with ADHD (age 8-13, IQ>70) were randomly allocated
to a 7 day-methylphenidate or -placebo treatment and were compared to 67 typically
developing controls. In the reinforcement learning task children had to learn to select
the stimulus with the largest reward rate from a stimulus pair. There were three reward
probability conditions (70/30, 85/15, and 100/0%). Data were analyzed using mixedmodel analysis.
Results
Compared to controls, children with ADHD showed intact acquisition of stimulusreward associations (p=.727), intact reversal learning (p=.316), but were impaired in
generalization of acquired knowledge (p=.023). Methylphenidate improved acquisition
of stimulus-reward associations (p=.015) and there was a trend effect for generalization
of knowledge (p=.086).
Conclusion
Children with ADHD have intact instrumental learning but face difficulties in applying
this knowledge to novel contexts. Medication, when considered in relation to
reinforcement learning in ADHD, possibly has some potential benefit as a way of
improving generalization of stimulus-reward associations.
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INTRODUC T ION
The ability to learn the association between actions and consequences is a central
feature of adaptive behavior (Rushworth & Behrens, 2008; Wolfram Schultz, 2000).
This type of learning is called instrumental learning or reinforcement learning and
requires the formation of a stable representation of action-consequence associations.
It has been argued that a number of different mental disorders are associated with
impairments in such fundamental learning processes (Sonuga-Barke, Cortese, Fairchild,
& Stringaris, 2016). The everyday impairments seen in individuals with attention
deficit/hyperactivity disorder (ADHD) have been hypothesized to be caused by deficits
in instrumental learning(Luman, Tripp, & Scheres, 2010; Sonuga-Barke et al., 2016).
Overall, studies of reinforcement learning in ADHD are scarce and the results are
inconsistent (for an overview, see (Sonuga-Barke et al., 2016)). While individuals with
ADHD show impaired accuracy levels in instrumental and probabilistic learning tasks
(Frank, Santamaria, O’Reilly, & Willcutt, 2007; Groen et al., 2008; Hauser et al., 2014;
Luman et al., 2009), the ability to improve in accuracy over the course of the task
(learning rate), seems normal in ADHD (Luman, Goos, & Oosterlaan, 2015). Besides
impairments in learning novel stimulus-response relationships, deficits (i.e. lower
accuracy levels) have been observed in applying learned associations to novel stimuluspair combinations (Frank et al., 2007). This indicates that successful learning of
stimulus-response associations does not guarantee successful generalization of this
knowledge to novel contexts. This is important, as, in daily life, children are constantly
required to apply associations learnt in one context (e.g. during structured classroom
tasks such as independently completing a task) to another (e.g. during less structured
tasks in teams). Generalization of knowledge is thus an essential part of successful
learning in daily life (Gershman & Niv, 2015; Tamminen, Davis, & Rastle, 2015).

5

Reversal learning is the ability to change behavior in response to alterations in
reinforcement contingencies. Children with ADHD are found to show more errors
than controls when contingencies were reversed without warning (Itami & Uno, 2002).
A recent study by Alsop et al. (2016) showed that children with ADHD are impaired
in adjusting their responses to changes in reinforcement schedules compared to
typically developing children on a signal detection task: When the response alternative
associated with a higher rate of reinforcement was switched, the children’s response
allocation (bias) shifted towards the newly reinforced alternative, but this effect was
significantly smaller for children with ADHD. In contrast, Hauser et al. (2014) showed
comparable behavioral performance (RT and accuracy) for adolescents with ADHD
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and TD children on a reversal learning task, although adolescents with ADHD showed
reduced medial prefrontal cortex activation during reinforcement learning, suggesting
impaired neural processing of reinforcement, which is necessary for learning in ADHD.
Deficient reinforcement learning in ADHD has been hypothesized to be related to a
dopamine-related deficit, as dopamine is a key neuromodulator of the (operant)
conditioning process underlying reinforcement learning (Schultz, Dayan, & Montague,
1997). More specifically, ADHD has been associated with low phasic dopamine and
reduced neural activity in ventral fronto-striatal pathways important for reinforcement
learning (Frank, 2005; Nigg & Casey, 2005; Sagvolden, Johansen, Aase, & Russell, 2005;
Tripp & Wickens, 2009; Wise, 2004). Methylphenidate (MPH), the most common
treatment for ADHD (Antshel et al., 2011), increases the availability of dopamine in
the fronto-striatal areas of the brain by blocking dopamine and noradrenaline
transporters (Pliszka, 2005; Seeman & Madras, 1998; Volkow et al., 2001; Volkow et
al., 1998). In 2007, Frank and colleagues tested their computational model predicting
that ADHD-related reductions in phasic dopamine signaling would result in suboptimal
action selection following reward (Frank, 2005; Frank et al., 2007). Adults on- and off
stimulant medication were compared with controls to test the hypothesis that MPH
would improve reinforcement learning. A probabilistic learning task with both fully
informative and probabilistic feedback was used (Frank, Seeberger, & O’reilly, 2004).
MPH increased the rate of acquisition of stimulus-response associations and the ability
to apply information from the learning phase to novel stimulus pairings. Another study,
using an instrumental learning task with both fully informative and probabilistic
feedback, also showed positive effects of MPH on speed and accuracy of reinforcement
learning of children with ADHD, irrespective of the reward probability condition,
especially with high doses of MPH (Luman et al., 2015).
So far, to the best of our knowledge, no studies have investigated the effects of MPH
on reversal learning in ADHD. More knowledge on effects of MPH on reinforcement
learning in children with ADHD is important as this type of learning is constantly
required both in school and at home. In the current study we tested the hypothesis that
reinforcement learning is impaired in children with ADHD and that MPH ameliorates
these impairments. We extended the study of Frank et al. (2007) to children with
ADHD and investigated stimulus-response learning, generalization of this knowledge
and reversal learning. Furthermore, we compared MPH to placebo rather than no
mediation (Frank et al., 2007), which is important to reduce possible risk of bias due
to lack of blinding. Based on the dopamine deficit hypothesis, we predicted that
children with ADHD would be impaired in acquiring stimulus-response associations
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compared to TD children (Frank et al., 2007; Groen et al., 2008; Luman et al., 2009),
although we recognize that other studies showed otherwise (Luman et al., 2015). In
addition, we hypothesized that children with ADHD would be less able to apply recently
learned knowledge about stimulus-response associations to novel stimulus pairs (i.e.
generalization of learning) in the test phase of the task (Frank et al., 2007). Further, we
expected children with ADHD to show deficits in reversal learning (Alsop et al., 2016;
Itami & Uno, 2002). Results from non-clinical studies suggest that MPH improves
reversal learning in participants with deficits or symptoms commonly seen in ADHD
(working memory deficits or impulsive traits) (Clatworthy et al., 2009; van der Schaaf,
Fallon, Ter Huurne, Buitelaar, & Cools, 2013).We predicted positive effects of MPH
on all outcomes (Alsop et al., 2016; Frank et al., 2007; Itami & Uno, 2002; Luman et
al., 2015; Luman et al., 2009).

M ATERI A LS A N D MET HODS
Participants
As part of a larger study (see Kortekaas-Rijlaarsdam et al., 2017b), sixty-five children
with ADHD were recruited between 2012 and 2014 through four mental health clinics
in the Netherlands, the Dutch parent association for children with developmental
problems, and the study’s website. Sixty-seven typically developing (TD) children were
recruited in the same period through primary schools. Inclusion criteria for both
groups were (1) age between 8 and 13 years, (2) at least one year of Dutch primary
school education to ensure full understanding of test instructions, and (3) an estimated
full-scale IQ of at least 70. Full-scale IQ was estimated using a short form of the
Wechsler Intelligence Scale for Children, third edition (WISC-III; including the substest
Information, Vocabulary, Block Design and Symbol Search; Wechsler, 1991), with
excellent validity (r = .91) and reliability (rxx = .93) for estimating full-scale IQ (Sattler,
2001).

5

In addition, children with ADHD met the following criteria: (1) a clinical diagnosis of
ADHD confirmed by the Diagnostic Interview Schedule for Children for DSM-IV,
parent version (DISC-P (Shaffer et al., 2000)), and (2) a score > 90th percentile on the
Inattentive and/or Hyperactive/Impulsive scale of both parent and teacher version of
the Disruptive Behavior rating scale (DBDRS (Oosterlaan, Scheres, Antrop, Roeyers,
Sergeant, 2005; Pelham et al., 1992)) to ensure symptom severity and pervasiveness,
(3) treatment with MPH or indication for treatment with MPH, and (4) no concomitant
(parent reported) neurological disorders or autism spectrum disorder. Children in the
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TD group were included if they had no (parent reported) psychiatric or neurological
disorder, including ADHD. To ensure the absence of ADHD, children in the TD group
were required to obtain scores ≤ 90th percentile on both the Inattentive and Hyperactive/
Impulsive scale of the parent version of the DBDRS. TD children were excluded if
reported to have ever been diagnosed with a psychiatric disorder (parental report).
Two children in the ADHD group did not complete the trial due to adverse events
unrelated to the intervention, resulting in 63 participants with ADHD completing the
trial.
Medication Design and Procedure
For the participants with ADHD, a randomized double-blind placebo-controlled
crossover design was used to compare the direct effects of extended release MPH
(Equasym XL®) with placebo. For details of the trial design, see Kortekaas-Rijlaarsdam
et al. (2017b). The current study has been carried out in accordance with the Declaration
of Helsinki and was approved by the local ethics committee. Informed consent was
obtained from parents and children above the age of 11. Testing was done at the child’s
school. All measures were collected by the researchers using fully standardized
instructions. All researchers were blinded to medication condition. Testing of children
with ADHD (placebo and MPH condition) occurred during expected plasma peak
levels of methylphenidate, with testing commencing within 60-90 minutes after
medication intake (Banaschewski et al., 2006). The TD group was assessed only once.
Testing procedures were identical in the ADHD and TD group, with the exception that
the testing of the TD group was preceded by a short version of the WISC-III to estimate
TD children’s IQ as TD children were first seen on the day of the assessment.
Participants with ADHD received a small gift independent of performance. Task
duration varied between subjects, depending on the number of practice block needed
(see below). On average, task duration was 10 to 15 minutes.
Materials
Instrumental learning as well as reversal learning was measured using an adapted
child-friendly version of the extensively validated associative learning test (Frank et
al., 2004), which has been used in typically developing children and clinical child
samples (Königs et al., 2016; Van Den Bos, Crone, & Güroglu, 2012). During the
learning phase participants had to choose the stimulus that was associated with the
highest reward rate. In the test phase participants were instructed to apply this
knowledge to novel stimulus pair combinations (see Figure 5.1). After the test phase,
the stimulus-reward associations were reversed within a stimulus pair. Trials in all
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Figure 5.1
Learning Test. Stimuli are randomly assigned to conditions A–F. In the training phase, children were presented
two stimuli in each trial and were instructed to select the stimulus with the greatest probability of positive feedback.
Three fixed pairs (AB, CD and EF) comprising six stimuli (A–F) were presented and children had to learn the
associations between the stimuli and increasingly inconsistent positive and negative feedback. No feedback is
provided in the test phase, during which children have to select the best stimulus from all possible pair
configurations of stimuli A–F (AB,AC, AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE, DF and EF in 120 trials)
based on feedback provided in the training phase. During the reversal phase the AB and CD pairs are presented
to children and feedback is probabilistic and reversed. Shading refers to test-phase pairs with new combinations
of stimuli (i.e. novel-context pairs). Adapted from “Feedback Learning and Behavior Problems after Pediatric
Traumatic Brain Injury”, by M. Konigs et al., 2016, Psychological Medicine, 46, p. 1476. Copyright by Cambridge
University Press.
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phases consisted of (1) a fixation cross presented for 1000 ms followed by (2) two
stimuli presented in the center of either visual half field presented until the child
responded or a maximum of 4000 ms elapsed. The stimuli consisted of six different
Greek characters (θ, γ, δ, ε, η, and ζ for version 1, and φ, α, ρ, σ, ψ, and μ for version 2)
that were randomly assigned to one of six conditions (A, B, C, D, E or F). Parallel
versions of the task were used to avoid test-retest effects. There were three reward
probability conditions (70%, 85% and 100%), see below.
Learning phase
In the learning phase, participants were presented with trials containing a stimulus
pair and they had to select the stimulus associated with the highest reward rate. There
were three fixed pairs (AB, CD and EF) comprising of six stimuli (A-F). There were
three reward probability conditions: In the “continuous reward condition” (pair AB)
choosing A always resulted in a reward, while choosing B always resulted in a penalty.
In the “85% reward condition” (pair CD) the reward rate associated with stimulus C
was 85% (in 15% of trials, a penalty was obtained), while the reward rate of stimulus
D was 15%. In the “70% reward condition” (pair EF) the reward rate associated with
stimulus E was 70% (in 30% of the trials negative feedback was obtained), while the
reward rate associated with stimulus F was 30%. For each child, stimuli were randomly
allocated to the three conditions. A reward consisted of a ‘thumbs up’ accompanied by
a picture of €0.20 coin gain, while penalty consisted of ‘thumbs down’ accompanied
by a picture of €0.20 coin loss. Feedback was presented for 1500 ms.
The learning phase consisted of learning blocks of 60 trials with a minimum of one and
a maximum of five blocks, depending on performance rates. The learning phase was
terminated when participants performed above-chance level in the learning phase
(choosing the stimulus with the highest reward rate in the pairs AB, CD and EF in more
than 70, 65 and 60% respectively, see Königs et al., 2016). Children that did not perform
above change level after five blocks (i.e., no learning occurred), did not enter the testphase. The dependent variable was learning task performance, which was defined as the
accuracy (% correct) in the last block of the learning phase, divided by the number of
learning blocks completed to satisfy learning phase criteria (higher values reflected better
performance) (see (Königs et al., 2016)). Trials from the training and test phase suspected
of anticipatory responses (reaction time <200 ms) were excluded (0.3% of trials).
Test phase
In the test phase (120 trials) participants were instructed to select the stimulus with
the highest reward rate of the existing stimulus combinations (AB, CD and EF) as well
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as for all possible new stimulus pair configurations of stimuli A-F (AB, AC, AD, AE,
AF, BC, BD, BE, BF, CD, CE, CF, DE, DF and EF), based on feedback provided in the
learning phase. During the test phase, no feedback was provided. The dependent
variable was generalization of learning, which is the transfer of learning from the
learning context to the novel stimulus pairs. This variable was defined by the difference
in accuracy from the last block of the learning phase (original stimulus pairs AB, CD,
EF) to the test phase (novel stimulus pairs only) (see (Königs et al., 2016)): a smaller
difference reflected better generalization of learning.
Reversal Learning Phase
The test phase was followed by a reversal learning phase. As conditioning was found
to be strongest for AB and CD pairs, these pairs were used in the reversal phase. To
ensure a strong association of the S-R mappings before reversing this association, the
reversal learning phase started with a short repetition of the learning phase for AB and
CD pairs. Instructions were identical to those in the learning phase. After five adjacent
correct responses for both pairs (with a minimum of 10 trials and a maximum of 40
trials) the reversal trials started without warning. In these trials feedback was reversed:
in AB pairs, 100% of the B-responses and 0% of the A-responses were rewarded with
positive feedback; 100% of the A-responses resulted in negative feedback. For the CD
pair, 85% of the D-responses and 15% of the E-responses were rewarded with positive
feedback. The reversal phase was terminated when participants performed abovechance level (see above), with a minimum of 10 trials. All children performed abovechance level after the 10th trial. The dependent variable was accuracy for the first 10
trials after the feedback reversal, which was defined as the proportion correct responses
excluding trials suspected of anticipatory responses (reaction time <200 ms) (0.1% of
trials).

5

Analyses
All analyses were performed using SPSS version 23.0 (IBM, 2015). Demographics,
including estimated IQ of the ADHD and TD group were compared using analysis of
variance (ANOVA) or χ2 tests. Normality of residuals of dependent variables was
inspected and when necessary outliers or influential cases were rescaled to the nearest
observation +1 unit or data were transformed (Tabachnick & Fidell, 2012).
Learning task performance
Generalized Linear Mixed Models (GLMMs) with a random intercept were used to
test the effects of group (ADHD using placebo versus TD) and treatment (MPH versus
placebo), entering stimulus pair and either group or treatment as fixed factors.
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Generalization of learning
Children who did not meet the predefined criteria for successful acquisition of the
stimulus-response relationships were identified and their distribution across groups
(ADHD versus TD) and treatments (placebo versus MPH) was assessed using χ2 testing.
Effects of group and treatment were tested using GLMM with group and treatment as
fixed factors.
Reversal learning
GLMMs with a random intercept were used to test the effects of group (ADHD using
placebo versus TD) and treatment (MPH versus placebo), entering stimulus pair and
either group or treatment as fixed factors.
Medication condition sequence
For all dependent variables medication condition sequence effects (comparing children
who were treated with placebo first to children who were treated with methylphenidate
first) were investigated using GLMM.

RESULTS
One case was excluded from our ADHD group in the MPH condition due to missing
data and five cases were excluded in our TD group due to missing data (for the TD
group the learning task was dropped for these cases due to time restrictions), resulting
in a total of 63 children with ADHD in the placebo condition; 62 children with ADHD
in the MPH condition and 62 TD children. Demographics of our ADHD and TD group
are shown in Table 5.1. The ADHD and TD groups did not differ in age, but estimated
IQ was lower in the ADHD group. IQ did not significantly correlate with our dependent
variables (all r<.17, all p>.05) and was therefore not included as a covariate in the
analyses. Learning task performances are shown in Table 5.2. Learning performance
was not affected by mediation sequence (all ps>.13), thus ruling out carry-over effects.
Learning Task Performance
Effect of group on learning task performance
The residuals of learning task performance were not normally distributed and therefore,
a square root transformation was applied to the data resulting in normal distribution
of the residuals. There was a main effect of stimulus pair (F(246)=22.3, p<.001). Post
hoc analyses with Bonferroni correction indicated that learning task performance for
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Table 5.1 Group Characteristics of the ADHD and TD Group

Percentage boys (N)

ADHD
(N=63)

TD
(N=62)

ADHD v TD

68.3(43)

58.1(36)

χ2=1.40

M

SD

M

SD

Age (years)

10.49

1.24

10.23

1.32

t=-1.1

Estimated IQ

106.09

12.81

97.68

13.82

t=3.51**

Inattention

17.46

4.40

3.82

2.99

U=3876**

3.00

2.55

t=-13.64**

DBD parents
Hyperactivity/Impulsivity

13.21

5.32

ODD

7.21

4.28

CD

1.68

2.43

Inattention

16.40

4.88

Hyperactivity/Impulsivity

11.89

6.91

ODD

4.92

4.82

CD

1.14

2.24

Inattention

7.83

1.16

Hyperactivity/Impulsivity

6.22

2.40

ODD

2.95

2.29

CD

0.46

1.08

DBD teacher

DISC parents

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; DBD Disruptive Behavior
Disorder rating scale; DISC Diagnostic Interview Schedule for Children, ODD Oppositional defiant disorder; CD
Conduct disorder; U = Mann-Whitney U-test statistic
**p<.01

5

the most difficult EF pair (70-30% reward rate) was significantly lower (p<.001 for
both comparisons) than performance for the AB (100-0% reward rate) and CD pairs
(85-15% reward rate), which did not differ significantly from each other (p>.05). The
main effect of group was not significant (F(123)=.123, p=.727), nor was the interaction
between group and stimulus pair (F(246)=.25, p=.779).
Effect of MPH treatment on learning task performance
For the ADHD group, the main effect of treatment was significant (F(308.34)=5.99,
p=.015, d=.025) with higher learning task performance in the MPH condition compared
to placebo. There was a trend effect of pair (F(307.2)=2.52, p=.082 see Figure 5.2), but
no interaction between treatment and pair (F(307.2)=.27, p=.763).
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63
63

Learning task performance CD pair

Learning task performance EF pair

55

Accuracy reversal learning CD pair

9.26

30.09

28.69

28.70

58.89

59.19

59.04

27.94

26.69

27.20

(91.90-71.35)

-20.55

56.49

61.40

61.57

29.11

1.33

SD

57

57

57

57

57

62

62

62

62

62

N

12.78

29.28

29.07

29.30

29.11

1.22

SD

51.95

64.64

58.35

23.52

28.18

26.63

(90.91-73.68)

-17.23

62.77

65.67

67.31

65.25

1.85

M

MPH

58

58

58

62

62

62

62

62

N

11.45

25.91

28.58

28.08

27.67

1.16

SD

62.94

25.62

(89.37-73.33)

-16.04

55.23

63.49

63.46

60.72

1.92

M

TD

0.83

5.29*

0.12

0.33

F

0.01

3.07+

5.99**

.75

F

ADHD v TD PLA v MPH

Group
comparisons

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; PLA placebo; MPH methylphenidate; 1accuracy last learning block divided by
number of blocks needed to fulfill criteria to enter test phase; 2decline in accuracy from last learning block to test phase
* p < .05 ** p < .01 +p=.086

55

Accuracy reversal learning AB pair

Post-hoc analysis MPH*pair:

Accuracy reversal learning

55

55

(Accuracy last block – accuracy
novel pairs)

Reversal phase

55

Generalization of knowledge2

Test phase

63

63

Post-hoc analysis main effect pair:
Learning task performance AB pair

2.04
59.82

63

PLA

Avg. learning task performance
(all pairs) 1

M

Avg. number of blocks needed

Learning phase

N

ADHD

Table 5.2 Learning Performance of ADHD Group versus TD Group and MPH Effects
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Generalization of learning
Fifty-eight TD children (94%) met the predefined criteria for successful acquisition of
the stimulus-response relationship and therefore entered the test phase. In the ADHD
group, 55 children (87%) met the criteria to enter the test phase when treated with
placebo and 57 children (92%) met these criteria when treated with MPH. Children
who did not meet criteria for entry in the test phase were equally distributed across
our ADHD and TD group (χ2(1)=.07, p=.790) as well as across treatment groups
(χ2(1)=.04, p=.842).
Effect of group on generalization of knowledge
There was a main effect of group (F(111)=5.29, p=.023, d=.42) indicating that children
with ADHD were less able to generalize acquired knowledge to novel stimulus
combinations as they showed larger difference scores between the last block of the
learning phase and the test phase.
Effect of MPH treatment on generalization of knowledge
The main effect of treatment on the ability to generalize acquired knowledge to other
stimulus pairs just escaped conventional levels of significance (F(46.5)=3.07, p=.086,
suggesting that MPH may affect generalization of knowledge, with small to medium
effect size (d=.30). Generalization of knowledge did not differ between children with
ADHD who were treated with MPH and controls (F(113)=.28, p=.598), suggesting that
methylphenidate normalized performance levels to that of controls.

5

Reversal Learning
Effect of group on reversal learning
There were no effects of group or pair on reversal learning (F(153.5)=1.01, p=.316 and
F(111)=1.05, p=.307, respectively). The interaction between group and pair was not
significant (F(111)=.44, p=.507).
Effect of treatment on reversal learning
The interaction between treatment and pair was significant (F(152.4)=3.93, p=.049.
Although post hoc analyses revealed no effect of MPH on the individual pairs
(F(51.7)=1.2, p=.277 and F(55.2)=2.3, p=.135 for AB and CD pairs respectively), Table
5.2 shows that accuracy increases with almost 5% for the AB pair in the MPH condition,
whereas accuracy decreases with almost 7% for the CD pair in this condition.
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DISCUSSION
We investigated reinforcement learning in children with ADHD and TD children and
tested the effects of MPH on learning task performance, generalization of knowledge
and reversal learning.
In line with previous research on adults with ADHD (Frank et al., 2007), our study
showed impaired generalization of knowledge in children with ADHD compared to
TD children, despite intact acquisition of stimulus-response relations. Also in line with
Frank et al. (Frank et al., 2007), our results suggest that MPH has the potential to
improve this important feature of reinforcement learning as MPH appeared to
normalize generalization of the acquired stimulus-reward associations to novel stimulus
combinations. However, effect-size was small- to medium and future research is
necessary to confirm this potential. Our results extend the thus far limited findings on
this topic and implicate generalization of knowledge as being deficient in reinforcement
learning in ADHD. An alternative interpretation of these findings is that stimulusreward associations are more sensitive to extinction in children with ADHD than in
TD controls, resulting in impaired performance when re-testing takes place. This latter
interpretation supports the Dopamine Transfer Deficit theory (Tripp & Wickens, 2008),
predicting more rapid extinction of stimulus-reward associations in children with
ADHD compared to TD children, due to the absence of anticipatory dopamine under
partial reinforcement. According to Frank et al. (2007) the larger extinction rates in
ADHD result from impaired reinforcement learning in combination with impaired
working memory gating in children with ADHD. In other words, stimulus-reward
associations are less robustly maintained in children with ADHD, especially when
distractors are presented that interfere with maintenance. Importantly, when
generalization of knowledge (or stimulus-reward extinction, or exploring behavior) is
affected in a lab context, these problems are likely to be even larger in daily life when
situations are more complex (e.g. higher impact on memory and attention; more
different rules apply at the same time).
In contrast to our hypothesis and to other studies (Frank et al., 2007; Groen et al., 2008;
Luman et al., 2009) initial acquisition of stimulus-reward associations was intact in
children with ADHD. Although our task and setup is very similar to that of Frank et
al. (2007), we used higher reward probabilities (100/0, 85/15 and 70/30 percent
compared to 80/20, 70/30 and 60/40 percent). The lower reward probabilities and thus
an increased task difficulty may explain the group differences observed by Frank et al.
(2007), although the low probabilities used in the Frank et al. study appeared too
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difficult for children in a pilot version of our task. The current findings are in line,
however, with studies showing no differences between ADHD and TD groups in
improvements in accuracy over the course of the task (Hauser et al., 2014; Luman et
al., 2015). With MPH, learning task performance improved significantly, suggesting
earlier and more accurate acquisition of stimulus-reward relations with MPH compared
to placebo, in line with Frank et al. (2007) and Luman et al. (2015).
Concerning reversal learning, our results oppose the findings from the studies by Itami
and Uno (2002) and Alsop et al. (2016) but are in line with the behavioral findings
from Hauser et al. (2014). We found no difference between ADHD children and
controls in reversal learning accuracy, nor did we find an effect of MPH on reversal
learning accuracy. However, the number of trials in the reversal phase was limited as
all children learned the reversed stimulus-response trials in the minimal number of
trials offered (10 trials). Also, we only included the AB and CD pairs in the reversal
task as we found conditioning for these pairs to be strongest (i.e. accuracy for the EF
pair was significantly lower than for the AB and CD pair). However, perhaps future
research should also include the more difficult EF pairs, as it may be more difficult to
reverse associations that are more difficult to acquire, resulting in more trials as well
as more variation between trials. The studies by Itami and Uno (2002), Alsop et al.
(2016) and Hauser et al. (2014) used more trials (30, 60 and 60 trials respectively). Lack
of MPH-effects were not due to carry-over effects.
There are a few limitations to note. First, the task was perceived as quite difficult by the
children, resulting in a smaller sample size for the test phase as not everyone successfully
completed the training phase. Second, mean IQ of our ADHD group was significantly
lower than the IQ of our TD group. We decided not to correct for this (Dennis et al.,
2011) but did a sensitivity analysis including IQ as a covariate: All results remained
unchanged, except for the significant effect of group on generalization, which became a
trend (p=.067). Thirdly, in this study we used a very controlled and standardized
computer task to measure feedback learning. Although this allowed us to measure the
acquisition and generalization of stimulus-reward associations, this limits ecological
validity as in daily life learning stimulus-response associations is often much more
complicated (e.g. more distraction; more stimulus-response associations need to be
learned at once; feedback is less consistent). An important strength of this study is the
placebo-controlled crossover design, ensuring complete blinding of conditions.

5

Together these results support the view that children with ADHD show intact
instrumental learning, but do find it difficult to keep these associations active and apply
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this knowledge in a novel context. As children constantly need to apply previously
learned knowledge to novel contexts, our findings suggest that impairments in
generalization may result in impaired performance, for example at school. Moreover,
while the acquisition of stimulus-response associations using reward and penalty in a
lab context seems intact in children with ADHD compared to controls (but see Frank
et al., 2007; Groen et al., 2008; Luman et al., 2009), this does not guarantee that learning
from reward and penalty is intact in daily life, given that in daily life learning stimulusresponse associations is often much more complicated (e.g. more distraction; more
stimulus-response associations need to be learned at once; feedback is less consistent).
Although medication treatment may speed up learning of novel associations, most
potential for treatment seems to lie in improving generalization of stimulus-reward
associations to a novel context, although the strength of this effect is small- to medium
and more research is necessary to confirm our findings. Future research should also
look at the mechanism behind improvements in generalization of knowledge.
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ABSTRACT
Objectives
ADHD treatment with stimulant medication is common in regular classrooms.
Previous research implies that stimulants may affect the ability to profit from feedback
and reward on cognitive and academic tasks. In order to determine the most effective
approach to optimize school performance in children with ADHD, the current study
investigated the interplay between the effects of stimulant medication and rewarded
feedback using a novel motivated math task. Children with ADHD were hypothesized
to be impaired in math performance compared to typically developing controls, and
MPH was expected to improve the ability to profit from rewarded feedback on math
performance in children with ADHD.
Materials and methods
Sixty-three children with ADHD (age 8-13, IQ>70) were randomly allocated to a 7
day-methylphenidate (MPH) or placebo treatment and were compared to 67 typically
developing children. The motivated math task required children to solve calculations
(addition) of increasing difficulty level. Difficulty level was adapted to performance.
Performance was either coupled to feedback that was coupled to reward (motivation
condition) or no feedback (neutral condition). Achieved difficulty level at the end of
the task was the dependent variable. Data were analyzed using mixed-model analysis.
Results
Children with ADHD were impaired on the math task compared to typically developing
children. Both groups profited equally from the motivation condition (d=.17), resulting
in better math performance. MPH improved math performance (d=.27) but did not
interact with the motivation condition. Independently, both rewarded feedback and
MPH treatment resulted in normalization of math performance of children with
ADHD to the level of typically developing peers.
Conclusions
The effects of rewarded feedback and MPH treatment on math are independent and
additive. Our results emphasize the importance of rewarded feedback to improve math
performance in both children with and without ADHD.
Keywords: ADHD, methylphenidate, motivation, reward, feedback, math

11 4

201830 Anne Fleur_binnenwerk_3.indd 114

01-07-18 14:34

E F F E CT S O F M P H A ND R E WAR D O N M AT H PE R F O R M A NCE

INTRODUC T ION
Children with attention-deficit/hyperactivity disorder (ADHD) often underperform
in school, with largest impairments in math and reading (Frazier et al., 2007).
Methylphenidate (MPH) is the most common treatment for ADHD (Wright et al.,
2015). However, improvements in academic performance with MPH are small
(Kortekaas-Rijlaarsdam, Luman, Sonuga Barke, & Oosterlaan, 2018). Besides the
behavioral problems of children with ADHD, a variety of factors are hypothesized to
add to their academic problems, including cognitive and motivational impairments
(Mayes & Calhoun, 2007; Preston, Heaton, McCann, Watson, & Selke, 2009; Thorell,
2007DuPaul et al., 2004; Gut, Heckmann, Meyer, Schmid, & Grob, 2012; Langberg,
Arnold, Hinshaw, & Swanson, 2012). There is accumulating evidence of motivational
factors influencing school performance, including findings of lower intrinsic motivation
for school in children with ADHD compared to typically developing (TD) controls
(Carlson, Booth, Shin, & Canu, 2002; Kortekaas-Rijlaarsdam, Luman, Sonuga-Barke,
Bet, & Oosterlaan, 2017a). Further, reports show altered sensitivity to reinforcement
in children with ADHD. Specifically, cognitive task performance of children with
ADHD seems more dependent (i.e. better performance) on external rewards compared
to performance of TD children (Luman et al., 2005).
As it is difficult to alter a child’s intrinsic motivation for schoolwork (Ryan & Deci,
2000), most potential for motivational strategies therefore lies in increasing extrinsic
motivation. Besides evidence for positive effects of reward on cognitive performance
of children with ADHD (Luman et al., 2005), reward as well as performance feedback
may further improve academic performance by increasing task interest and persistence
(Deci et al., 1999; Fyfe & Rittle-Johnson, 2017). As ADHD treatment with stimulant
medication is common in regular classrooms and previous research suggests that
stimulants may affect the ability to profit from feedback and reward, it is important to
study the interplay between the effects of stimulants and rewarded feedback. Such
knowledge is necessary to determine how school performance in children with ADHD
can be optimized.

6

The results of existing literature on the synergy between the effects of stimulant
medication and reward or feedback is inconsistent. There is evidence that treatment
with MPH affects the motivational threshold of children with ADHD: For example,
when off-medication, children with ADHD were more sensitive to rewarded feedback
(feedback coupled to reward such as points) than typically developing (TD) children
on a inhibitory control task (Liddle et al., 2011; Sonuga-Barke & Castellanos, 2007).
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However, treatment with MPH normalized the reward threshold of these children,
suggesting interactive effects between MPH and rewarded feedback. In line with these
results are the findings from an older study showing that MPH increased the reward
value of reinforcers: Specifically, this study showed that, when treated with MPH
compared to placebo, children with MPH were more motivated to continue a task for
a long time to earn a monetary reward. These findings suggest that stimulants may
improve task performance in children with ADHD by increasing the value of reward.
In line with this suggestion are studies showing that the combination of rewarded
feedback and MPH treatment result in better performance than either treatment alone.
For example, Strand et al. (2012). showed that the combined effects of rewarded
feedback (stars combined with points) and MPH resulted in better working memory
performance than either treatment alone. A more recent study on the unique end
combined effects of reward (points) and MPH on response inhibition corroborates
these findings: The combination of low dose MPH (0.3 mg/kg) and reward was more
effective than either treatment alone (Rosch et al., 2016). Whereas these improvements
in cognitive abilities are promising for academic performance, to the best of our
knowledge only study investigated the interplay between the effects of reward and
MPH on academic performance: That study showed that the combination of reward
(points) and MPH yielded greater spelling improvements than either treatment alone
(Pelham, Milich, & Walker, 1986).
However, not all evidence suggests a synergy between effects of reward and MPH. For
example, a recent study showed that MPH did not add to the effects of reward and
punishment on temporal information processing (Luman, Papanikolau, & Oosterlaan,
2015). This study corroborates findings of an older study by Solanto and colleagues
(1997) suggesting that MPH does not affect reward threshold or the ability to profit
from reward in children with ADHD. In their study, Solanto et al. showed that the
addition of reward to MPH treatment on a continuous performance task, did not
improve performance in children with ADHD.
Taken together, current literature on the impact of stimulant medication on the ability
to profit from reward and feedback in children with ADHD is scarce and somewhat
inconsistent. Most evidence points towards an interaction between the effects of reward
and MPH, with higher performance on cognitive and academic tasks when these are
combined (Liddle et al., 2011; Pelham et al., 1986; Rosch et al., 2016; Strand et al., 2012;
Wilkison, Kircher, McMahon, & Sloane, 1995). Only one study investigated the synergy
between effects of reward and medication an academic performance (Pelham et al.,
1986). It is therefore important to expand these findings in order to determine the most
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optimal approach to stimulate the classroom performance of children with ADHD.
Although studies on the synergy between effects of reward and MPH are scarce, the
evidence for positive effects reward, including positive feedback, on math performance
in TD children is robust (Dihoff, Brosvic, Epstein, & Cook, 2004; Luwel, Foustana,
Papadatos, & Verschaffel, 2011; Narciss & Huth, 2006). Supportive positive performance
feedback and rewards are thought to be crucial for all children leading to positive effects
on achievement and motivation for learning (Hattie & Timperley, 2007; Shute, 2008).
However, feedback frequency in typical classrooms is low (Bond et al., 2000) and
providing optimal feedback in an appropriate way requires considerable training (Hattie
& Timperley, 2007). Moreover, previous research suggests that children with ADHD
profited more from rewards in terms of working memory than typical controls (Dovis,
Van Der Oord, Wiers, & Prins, 2012). As working memory is an important cognitive
skill for math (Ashcraft & Krause, 2007), these results imply that the use of rewards
may even have a higher potential to improve math skills in children with ADHD than
in TD children. However, to the best of our knowledge, evidence on this topic is lacking
so far.
As current estimations indicate that one or two children in every classroom are
currently treated with stimulant medication for ADHD (Dutch Health Council, 2014;
The Lab Express Scripts, 2014), more knowledge on the interplay between the effects
of reward/feedback and stimulant treatment is crucial to determine the most effective
approach to maximize school performance in children with ADHD. Therefore, the
main aim of this study was to investigate the synergy between the effects MPH and
rewarded feedback (feedback coupled to reward) on an ecologically valid math task.
To this end, we investigated whether children with ADHD and TD children profited
equally from rewarded feedback. We hypothesized that both children with ADHD and
TD controls would perform better when rewarded feedback was presented contingent
on their performance (Hattie & Timperley, 2007; Shute, 2008). As children with ADHD
show increased sensitivity to external rewards (Luman et al., 2005), we expected
children with ADHD to profit more from rewarded feedback than TD children, in line
with previous findings (Dovis et al., 2012; Strand et al., 2012). Secondly, we hypothesized
that MPH treatment would result in better math performance compared to placebo,
albeit with small effect sizes (Kortekaas-Rijlaarsdam et al., 2018). Concerning the
synergy between the effects of rewarded feedback and MPH, we predicted that the
combination of rewarded feedback and MPH treatment would result in better math
outcomes than either treatment alone (Pelham et al., 1986; Rosch et al., 2016; Strand
et al., 2012). The second aim of this study was to validate a novel motivation math task.
As previous research on the effects of reward and feedback on performance focuses

6
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on cognitive, rather than academic tasks, we developed an ecologically valid motivation
math task to substantiate effects of rewarded feedback and MPH on math performance.
We hypothesized that math performance of TD children would be better in the
motivation condition (consisting of rewarded feedback: for an explanation of the
conditions, see Methods section) as reward and feedback are known to improve
(academic) performance (Dihoff et al., 2004; Hattie & Timperley, 2007; Luwel et al.,
2011; Narciss & Huth, 2006; Shute, 2008). We also validated our math task by assessing
the relationship between performance on the newly developed task and similar
academic math tasks.

M ATERIALS A N D ME T HODS
Participants
As part of a larger study (see Kortekaas-Rijlaarsdam, Luman, Sonuga-Barke, Bet, &
Oosterlaan, 2017b), sixty-five children with ADHD were recruited between 2012 and
2014 through four mental health clinics in the Netherlands, the Dutch parent
association for children with developmental problems, and the study’s website. Sixtyseven TD children were recruited in the same period through primary schools.
Inclusion criteria for both groups were (1) age between 8 and 13 years, (2) at least one
year of Dutch primary school education to ensure full understanding of test instructions,
and (3) an estimated full-scale IQ of at least 70. Full-scale IQ was estimated using a
short form of the most recent version available in the Netherlands, the Wechsler
Intelligence Scale for Children, Third revised edition (WISC-III-R; including the
subtests Information, Vocabulary, Block Design and Symbol Search: Wechsler, 2005)
with excellent validity (r = .91) and reliability (rxx = .93) for estimating full-scale IQ
(Sattler, 2001).
In addition, children with ADHD met the following criteria: (1) a clinical diagnosis of
ADHD confirmed by the Diagnostic Interview Schedule for Children for DSM-IV,
parent version (DISC-IV-P; (Shaffer et al., 2000)), and (2) a score > 90th percentile on
the Inattentive and/or Hyperactive/Impulsive scale of both parent and teacher version
of the Disruptive Behavior Rating Scale (DBDRS; (Oosterlaan, Scheres, Antrop,
Roeyers, & Sergeant, 2005; Pelham, Evans, Gnagy, & Greenslade, 1992)) to ensure
symptom severity and pervasiveness, (3) treatment with MPH or indication for
treatment with MPH, and (4) no concomitant (parent reported) neurological disorders
or autism spectrum disorder. Children in the TD group were included if they had no
(parent reported) psychiatric or neurological disorder, including ADHD. To ensure
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the absence of ADHD, children in the TD group were required to obtain scores ≤ 90th
percentile on both the Inattentive and Hyperactive/Impulsive scale of the parent version
of the DBDRS. TD children were excluded if reported to have ever been diagnosed
with a psychiatric disorder (parental report).
Medication Design and Procedure
For the participants with ADHD, a randomized double-blind placebo-controlled
crossover design was used to compare the direct effects of extended release MPH
(Equasym XL®) with placebo. Treatment duration was 7 days with a 48-hour washout
prior to the study and in between the treatment weeks. Children were tested on the
last day of each treatment week at their own primary school. Doses were identical to
those clinically titrated and currently prescribed by the treating physician. For details
of the trial design, see Kortekaas-Rijlaarsdam et al. (2017b). The current study has been
carried out in accordance with the Declaration of Helsinki and was approved by the
local ethics committee. Informed consent was obtained from parents and children
above the age of 11. Testing was completed at the child’s school. All measures were
collected by the researchers using fully standardized instructions. All procedures and
scoring were by two researchers independently. All researchers were blinded to
medication condition. Testing of children with ADHD (placebo and MPH condition)
occurred during expected plasma peak levels of methylphenidate, with testing
commencing within 60-90 minutes after medication intake (Banaschewski et al., 2006).
The TD group was assessed only once. Testing procedures were identical in the ADHD
and TD group, with the exception that the testing of the TD group was preceded by a
short version of the WISC-III-R to estimate TD children’s IQ as TD children were first
seen on the day of the assessment. Participants with ADHD received a small gift
independent of performance.

6

Materials
The Motivated Math Task (MMT) was developed specifically for this study. The
objective of this task was to measure the ability to profit from ecologically valid, positive
feedback coupled with reward (a smiling face combined with the sound of applause
and earning of +1 point, which [if enough points were earned] could be exchanged for
stickers) on a math (addition) task. Stickers were chosen by the child prior to the task.
By comparing trials in which the child could receive rewarded feedback (in 85% of
correct trials in the motivation condition) with neutral trials (trials in which the child
receives no rewarded feedback), the influence of motivation on performance was
measured. The task consisted of a practice and an experimental phase.
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Practice phase
The task started with 18 practice math problems (neither feedback nor reward were
given) which were selected randomly from the intermediate level of a pool of 600
possible calculations (see below). A practice trial consisted of a white screen with a
fixation cross (duration 1,000 ms), followed by the calculation presented on a white
background (duration maximum 10,000 ms), followed by a 1,500 ms feedback screen.
To minimize working memory load, trials were self-paced (with a maximum interproblem interval of 10,000 ms) and the calculations were shown until a response was
given (or the maximum inter-problem interval elapsed). Calculations differed in
difficulty level ranging from 1 (easiest) to 12 (most difficult), for a specification and
theoretical substantiation of difficulty levels, see below. Each child started at the
intermediate level (Level 7). After each set of three trials, the level was adapted to the
child’s performance. If the child answered all three calculations correctly, the level was
increased (Level +1). If two calculations were completed correctly, the level remained
unchanged. If the child answered two or three out of three calculations incorrectly,
difficulty level was decreased (Level -1). The 18 practice trials calibrated the task to
allow for each child to reach a level suitable for his or her age and level of mathematical
skills. The level reached at the end of the practice phase determined the entry level
(difficulty level) in the experimental phase.
Experimental phase
The experimental phase consisted of two conditions that were explained to the child
prior to the start of the task, with trials presented in a random order: a neutral condition
(21 unique calculations), and a motivation condition (21 unique calculations). Neutral
trials were comparable to practice trials in setup: A white screen with a fixation cross
(duration 1,000 ms), followed by the calculation presented on a white background
(duration maximum 10,000 ms), followed by a 1,500 ms feedback screen. A motivation
trial consisted of a similar setup but was identified by a green background (1,000 ms
fixation cross on a green background), calculation on a green background (duration
maximum 10,000 ms) and a green feedback screen (1,500 ms). For both conditions, if
an incorrect answer was given, the screen remained empty. In the motivation condition,
a correct response was followed in 85% of trials by a smiley, text (‘Correct’ ‘+1 point’
‘Total score =’) and the sound of applause. Correct trials in the neutral condition were
followed by an empty screen. Within each condition, an independent tracking algorithm
(equal to the one used for the practice phase) adjusted the difficulty level for each child,
to ensure that the number of correct responses and thus number of trials with rewarded
feedback was approximately similar for each child. We used this algorithm to ensure
that children gave on average 67% correct responses and 33% incorrect responses. In
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the motivation condition a correct answer resulted in rewarded feedback on 85% of
trials (15% of correct trials were not followed by rewarded feedback). Rewarded
feedback was given in this probabilistic manner to avoid that children would deploy
certain calculation strategies reinforced in the motivation condition. If a certain
addition calculation strategy was correct, partial feedback made sure that such a
strategy was not automatically reinforced (there was no rewarded feedback in 15% of
correct trials in the motivation condition). However, incorrect answers were not
rewarded, in order to avoid that children would become frustrated by the task (e.g.,
feelings of unfairness). The effect of motivation, was manipulated by the color of the
screen anticipating the math calculation. The tracking mechanism ran independently
for both the motivation and neutral conditions to make sure that possible differences
between the achieved difficulty levels represented the condition-specific reward related
gain for each participant. The dependent variable was the difference in achieved math
level at the end of the task between the motivation and neutral condition.
Difficulty levels
In mathematics, addition problem difficulty can be determined by different factors.
The most commonly studied variable is problem size, which is the magnitude of the
(total) sum (e.g. 2+2 is easier than 34+52). Reaction times as well as the number of
errors increase when the problem size increases (Ashcraft, 1992; Dehaene, 1992). A
second variable influencing problem difficulty is the number of carry operations
(Widaman, Geary, Cormier, & Little, 1989), which is the mental operation of carrying
a calculation to another decade (e.g. 2+7 has no carry operations, 8+5 has one carry
operation and 67+78 has two carry operations). Third, similarity between numbers
can decrease difficulty. Ties (2+2) are generally the easiest type of sums, but also sums
with intermediate similarity (23+22) are perceived as being easier than sums consisting
of unique digits (43+21) (Ashcraft, 1992). Fourth, formulation of the sum (i.e. the
distribution of the digits) can increase or decrease difficulty, with A+B being perceived
as easier (lower RTs, less errors) than AB+C. In this line of reasoning, AB+CD is
perceived as easier than ABC+D (higher RTs, more errors). Using this theoretical
framework, 12 different levels of problem difficulty (addition only) were created (see
Table 6.1). Problem size was considered most influential, followed by the number of
carry operations, followed by the formulation (Ashcraft, 1992; Widaman et al., 1989).
Ties (2+2) or calculations with high similarity (e.g. 24+28) were excluded.

6

Procedure
The current study has been carried out in accordance with the Declaration of Helsinki
ant was approved by the local ethics committee. Parents and children above the age of

121

201830 Anne Fleur_binnenwerk_3.indd 121

01-07-18 14:34

CHAPTE R 6

Table 6.1 Difficulty levels for calculations
Level

Problem size

Number of carry operations

Formulation

Example

1

0-9

0

A+B

2+7

2

10-19

0

AB+C

12+4

3

10-19

1

A+B

8+5

4

20-100

0

AB+C

54+3

5

20-100

0

AB+CD

17+42

6

20-100

0

ABC+D

125+4

7

20-100

1

AB+C

48+3

8

20-100

1

ABC+D

124+9

9

20-100

1

AB+CD

57+35

10

100-200

1

AB+CD

53+96

11

100-200

2

AB+CD

67+78

12

100-200

2

ABC+DEF

145+297

Note. The formulation of level 8 and 9 was switched.This was not planned but turned out to be in line with data
from another sample (N=90, primary school children) indicating that accuracy is higher for ABC+D than for
AB+CD in problem size range of 20-100 (t(90)=3.76, p<.001).

11 provided written informed consent before enrollment in the study. Children were
instructed to work as fast and accurately as possible. After the practice phase (and
determination of entry level for the experimental phase), the child was told that when
a trial started with a green screen (motivation condition), rewarded feedback would
be given occasionally in the case of a correct response and when a trial started with a
white screen (neutral condition), feedback would be absent. It was explained that the
absence of rewarded feedback in a small percentage of trials in the green (motivation)
condition, did not always imply an incorrect response. Further, children were told that
at the end of the task, they could exchange points earned for stickers (three points
earned one sticker). The child was required to respond by typing the correct answer
using a numerical keyboard – with answers confirmed by a press on the enter-key.
Halfway through the task (after 14 trials, on average after 4 minutes), a short break was
given, in which the child watched a short animation. Total task duration including the
break was on average 10 minutes.
Analyses
Firstly, we validated the task in the TD population: We used Generalized Linear Mixed
Model (GLMM) analyses to test the effects of condition (motivation versus neutral).
In addition to testing the difference between conditions, we expected children to
perform better at the end of the task, i.e. we expected improved math performance as
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conditions were randomized and feedback from a preceding trial could thus positively
affect performance on a consecutive trial (irrespective of condition). To this end we
used a paired sample t-test to test whether mean final achieved level was significantly
higher than mean entry level. Further, we calculated Pearson correlations between
performance on our math task and the child’s performance on a similar math task
(Speeded Arithmetic Test: De Vos, 1992).
Second, we tested whether the impact of motivation condition on achieved difficulty
level differed between groups (ADHD versus TD) using GLMM analysis with condition
and group as fixed factors and a group*condition interaction. The effects of treatment
(MPH versus placebo) on achieved math level and the possible interaction between
effects of MPH and motivation were tested with a similar model with condition and
treatment as fixed factors and a treatment*condition interaction, and a random
intercept to control for within-subject dependency of measurements. Participation of
63 and 62 children in the ADHD and TD group, respectively, was sufficient to guarantee
.80 power (α=.05) to detect group differences and MPH effects (Twisk, 2013).
We checked whether there were group differences in entry level as determined in the
practice phase to see whether we needed to control for entry level in the analyses of
the experimental phase data. Using an independent samples t-test, we compared entry
levels between our ADHD (when treated with placebo) and TD group. Using a paired
samples t-test we compared entry levels between treatment conditions (MPH versus
placebo treatment) in our ADHD group. When significant, and relevant (as determined
by the accompanying effect size), entry level was included as a covariate.

6

RESULT S
Two children in the ADHD group did not complete the trial due to adverse events
unrelated to the intervention (see Kortekaas-Rijlaarsdam et al., 2017b), resulting in 63
children in our ADHD group and 67 children in our TD group. Group characteristics
of the ADHD and TD group and group comparisons are shown in Table 6.2. There
were no group differences in age and gender and as expected, our ADHD group showed
more inattentive-, hyperactive-impulsive symptoms and lower IQ, all typical for
children diagnosed with ADHD. Table 6.3 displays the dependent variables for both
groups and both treatment conditions.
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Table 6.2 Group characteristics of the ADHD and TD group

Percentage boys (N)

ADHD
(N=63)

TD
(N=67)

ADHD v TD

68.25 (43)

59.70 (40)

χ2=1.03

M

SD

M

SD

Age

10.49

1.24

10.16

1.32

t=-1.43

Estimated IQ

97.68

13.82

106.10

12.93

t=3.45**

Inattention

17.46

4.40

3.78

2.98

t=-20.86**

3.06

2.75

t=-13.78**

DBD parents
Hyperactivity/Impulsivity

13.21

5.32

ODD

7.21

4.28

CD

1.68

2.43

Inattention

16.40

4.88

DBD teacher
Hyperactivity/Impulsivity

11.89

6.91

ODD

4.92

4.82

CD

1.14

2.24

DISC parents
Inattention

7.83

1.16

Hyperactivity/Impulsivity

6.22

2.40

ODD

2.95

2.29

CD

0.46

1.08

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; DBD Disruptive Behavior
Disorder rating scale; DISC Diagnostic Interview Schedule for Children, ODD Oppositional defiant disorder; CD
Conduct disorder; U = Mann-Whitney U-test statistic
**p<.01

Task Validation
GLMM analysis showed a condition effect in the TD group (t(66)=2.18, p=.033, d=.16)
for achieved difficulty level: With positive feedback, the achieved math level was .39
higher (on a scale of 1-12). In addition, the results from our paired sample t-tests
showed that, on average, TD children improved during the math task with performance
at the end of the task being significantly better than at task entry, for both conditions
(t(66)=2.40, p=.019, d=29 and t(66)=4.71, p<.001, d=57 for the neutral and the
motivation condition, respectively). Furthermore, both entry level and achieved math
level show a strong correlation to scores on a math automatization task that is frequently
used in school settings and scientific research (Speeded Arithmetic Test, De Vos, 1992)
(r=.72, p<.001 and r=73, p<.001 for entry level and achieved math level, respectively).
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Table 6.3 Group comparisons and MPH effects on math performance with and without feedback
ADHD
PLA
N

M

TD
MPH

SD

M

SD

N

M

MPH
v PLA

t

t

-3.06**

2.12*

-1.23

1.04

SD

Entry level

63

6.62 2.11

7.19 1.96

67

7.81 2.24

Achieved math level+
neutral condition

63

7.00 2.55

7.60 2.28

67

8.33 2.35

Achieved math level+
motivation condition

63

7.59 2.29

8.03 2.12

67

8.72 2.39

Condition effect
(achieved level difference
scores, motivation neutral condition)

63

.59

.43** 1.51

67

.39*

1.51

ADHD
v TD

1.46

Note. ADHD Attention-deficit hyperactivity disorder; TD Typically developing controls; PLA placebo; MPH
methylphenidate; +Math level ranged from 1-12. Asterisks for the difference scores indicate significance of the
main effect of condition in the comparisons ADHD with placebo versus TD and ADHD with placebo versus
MPH. * p<.05; **p<.01

Entry Level
Entry level was significantly lower for the ADHD group (placebo condition) than for
the TD group (t(128)=-3.06, p=.003, d=.54). Further, entry level within the ADHD
group was higher when treated with MPH compared to placebo (t(62)=2.12, p=.038,
d=.27). When treated with MPH, performance of children with ADHD no longer
differed from TD children (t(128)=1.66, p=.099). Therefore, entry level was included
as a covariate in the GLMM analyses for group and treatment effects.
Group Effects
GLMM analysis showed that the main effect of condition was significant (t(128)=2.14,
p=.034, d=.17), showing better performance in the motivational condition compared
to neutral condition. With rewarded feedback, math performance of children with
ADHD normalized to the level of TD controls (t(128)=1.72, p=.088). The main effect
of group was not significant (t(192.4)=-1.23, p=.219) indicating that the achieved math
level of children with ADHD is comparable to that of TD children, when entry level
was taken into account. There was no significant group*condition interaction
(t(128)=.76, p=.445) when entry level was taken into account, indicating that math
performance of children with ADHD and TD children profited equally from the
motivational condition. On average, all children performed better at the end of the
task compared to entry level, irrespective of condition, indicating learning during the
task (t(192)=3.72, p<.001, d=.27 and t(192)=8.26, p<.001, d=.59 for the neutral and the
motivation condition, respectively).
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MPH effects
The main effect of entry level was significant (t(177.7)=12.10, p<.001, d=.29, showing
that within the ADHD group entry level was predictive of the finally achieved math
level. The main effect of condition was significant (t(157.8)=2.6, p=.008, d=.25,
indicating that children in the ADHD group performed better on the math task in the
motivation condition compared to the neutral condition. The main effect of treatment
was not significant (t(161.9)=1.04, p=.298) when entry level was taken into account,
indicating that MPH did not improve math performance over and above entry level
performance, independent of condition.
Interaction between Rewarded Feedback and MPH
There was no treatment*condition interaction (t(157.8)=-.51, p=.609) when entry level
was taken into account, indicating that MPH did not affect the ability to profit from a
motivational condition on a math task. Rewarded feedback resulted in +.59 higher
achieved math level during placebo and MPH treatment resulted in +.57 higher entry
level compared to placebo. Together, rewarded feedback and MPH treatment resulted
in an increase in achieved math level of 1.03 (from 7.00 with placebo in the neutral
condition to 8.03 with MPH in the motivation condition). This difference was significant
(t(62)=4.25, p<.001, d=.54), implying that the combination of rewarded feedback and
MPH treatment resulted in better math performance than either treatment alone.
Achieved math level and entry level were not influenced by medication sequence
(placebo versus active medication), thus ruling out carryover effects (all ps>.50).

DISCUSSION
Our results illustrated the positive effects of a motivational condition on math
performance. The finding that rewarded feedback improved math performance in both
children with ADHD and TD children, emphasizes the potential educational value of
simple, task related positive feedback coupled to small rewards on math performance.
This finding is in line with previous findings of positive effects of feedback and reward
on math performance in TD children (Dihoff et al., 2004; Luwel et al., 2011; Narciss
& Huth, 2006) and is in line with theories about the effects of positive feedback,
intrinsic motivation and task persistence on task interest and performance (Deci et al.,
1999). These results are promising, as this type of rewarded feedback (a smile from the
teacher, a praise or applause or thumbs up, a sticker) is the type that is most commonly
given by teachers. Further, on the longer term (in actual classrooms), the use of reward
and feedback may further increase motivation to learn, increase feelings of self-
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competence and reduce feelings of (math related) anxiety (Hattie & Timperley, 2007),
possibly resulting in better academic outcomes (Linnenbrink & Pintrich, 2002; Spinath
et al., 2006). Interestingly, these findings oppose recent findings indicating that learning
without feedback may be advantageous in the longer term, as it may result in better
retaining of the learned information (Fyfe & Rittle-Johnson, 2017). Thus, more research
on the longer term effects of reward and feedback on academic performance is needed
to extend our findings.
In line with our expectations, the combined effects of rewarded feedback and MPH
on math performance were larger than either treatment alone. Effect sizes of
independent effects were small- to medium sized for rewarded feedback and MPH
treatment, respectively. In contrast, the effect size of the combination of rewarded
feedback and MPH was large. These findings corroborate findings from previous
studies on this topic (Pelham et al., 1986; Rosch et al., 2016; Strand et al., 2012). Both
increased motivation (by rewarded feedback) and MPH treatment improved math
performance in children with ADHD, which is in line with literature on the effects of
reward on math-related cognitive functions (Dovis et al., 2012), as well as with previous
studies on the effects of MPH on math performance (Kortekaas-Rijlaarsdam et al.,
2018). It is promising that the effects of rewarded feedback and MPH on math
performance are additive, given the need for improvement in this area, especially for
children with ADHD (Frazier et al., 2007).
The effects of rewarded feedback and MPH on math performance did not interact,
which implies that MPH treatment does not affect the ability to profit from rewarded
feedback on a math task. Thus, the effects of rewarded feedback and MPH on math
performance are independent. This finding contrast the view that MPH treatment
normalizes the altered reinforcement threshold of children with ADHD, but is in line
with findings from Rosch et al. (2016) who also showed additive effects of rewarded
feedback instead of an interaction between these effects.

6

Importantly, both rewarded feedback and MPH treatment resulted in normalization
of math performance of children with ADHD compared to TD children. Thus, our
result imply that the use of rewarded feedback is equally effective as MPH in improving
math performance in children with ADHD. The finding that reward and MPH can
independently normalize academic performance of children with ADHD to the level
of their TD peers is in line with comparable studies using cognitive outcome measures
(Rosch et al., 2016). This finding emphasizes the efficacy of motivational strategies
such as rewarded feedback to improve academic performance, thereby reducing the
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need for pharmacological interventions. Although the use of such motivational
strategies is more demanding for teachers, our results suggest that not only children
with ADHD profit from this approach, but also TD children. Thus, such motivational
strategies should be exercised within regular classrooms more often for the benefit of
all students.
Interestingly, despite their inferior math performance at entry, children with ADHD
during placebo and TD children profited equally from rewarded feedback. Thus,
children with ADHD were not more sensitive to reward than TD children during
placebo, which opposes existing theories on altered reinforcement processing in ADHD
(Luman et al., 2005) as well as experimental studies on the reward threshold of children
with ADHD when off-medication (Liddle et al., 2011; Wilkison et al., 1995). The latter
may be explained by placebo effects, which can be large in randomized controlled
clinical trials (Krogsbøll et al., 2009).
Taken together, our findings imply that the effects of rewarded feedback and MPH on
math performance are independent and may act through different mechanisms. This
mechanism behind reward and feedback related improvements in academic
performance should be topic of future research. MPH may work by improving behavior
within classrooms (Kortekaas-Rijlaarsdam et al., 2017b). In addition, MPH may
improve math performance in children with ADHD by improving attention (e.g. by
decreasing attentional lapses: Castellanos et al. 2005) or by improving executive
functions (Tamminga, Reneman, Huizenga, & Geurts, 2016), but see KortekaasRijlaarsdam et al., 2017a, Luman, Sonuga-Barke, Bet, & Oosterlaan, 2017a. However,
reward as well as feedback are also likely to impact behavior important for math
performance, including task persistence (Deci, Koestner, & Ryan, 1999; Fyfe & RittleJohnson, 2017). Moreover, rewarded feedback has potential to improve cognitive
performance of children with ADHD, including working memory (Dovis et al., 2012)
and response inhibition (Rosch et al., 2016). There is evidence that cognitive
performance is important for e.g. math performance (Ashcraft & Krause, 2007),
although the mediating effects of such cognitive improvements on reward-related
improvements in academic performance remains to be investigated.
The current study has a number of limitations. Firstly, as we aspired to measure the
effects of rewarded feedback on actual school performance in an ecologically valid
manner, we used a newly developed task. Although the first results (condition effects)
suggest validity, more research with this task is required to confirm it psychometric
value. Furthermore, our treatment intervention was relatively short (7 days placebo

12 8

201830 Anne Fleur_binnenwerk_3.indd 128

01-07-18 14:34

E F F E CT S O F M P H A ND R E WAR D O N M AT H PE R F O R M A NCE

compared to 7 days MPH). As a result, we were not able to measure longer term effects
of MPH and motivational strategies on math performance. This would be relevant in
future research, as it may be expected that in the long(er) term, positive feedback may
also result in increased self-perceptions of competence and increased motivation for
learning (Hattie & Timperley, 2007; Shute, 2008). Finally, in our task we combined
positive feedback with a small rewards (+1 point, resulting in a sticker), making it
difficult to distinguish between the positive effects of corrective feedback and reward
on math performance. Previous research revealed that children with ADHD may be
more sensitive to reward than TD children, whereas they are equally sensitive to
feedback (Dovis et al., 2012). Future research should distinguish between such
motivational strategies to determine which aspects are most effective.
In conclusion, it is promising that children in our ADHD group were able to profit in
terms of improved math performance from this quick and easy type of rewarded
feedback just as well as TD children, as this type of feedback is closely related to actual
feedback within classrooms. In line with this, several studies show that increasing
teacher feedback, has positive effects on performance in the classroom in children with
ADHD (Greene et al., 2002; Imeraj et al., 2013). Our results emphasize the importance
of motivational strategies such as the use of rewarding feedback to improve academic
performance. Moreover, these results are promising with regard to the value of inclusive
education, as they indicate that the same approach can be used for TD children and
children with ADHD.

6

129

201830 Anne Fleur_binnenwerk_3.indd 129

01-07-18 14:34

201830 Anne Fleur_binnenwerk_3.indd 130

01-07-18 14:34

Chapter seven

Academic
Summary and General Discussion
Underperformance
in Children with ADHD
Is Medication the
Solution?
Anne Fleur
Kortekaas-Rijlaarsdam

201830 Anne Fleur_binnenwerk_3.indd 131

01-07-18 14:34

CHAPTE R 7

SUM M ARY A N D KEY FI N DIN GS OF T H I S T H E SI S
The main aim of this thesis was to investigate the effects of MPH on academic performance
and learning. To this end, we formulated three study-aims which were answered in
different parts of this thesis: Firstly, we quantified the effects of MPH on academic
performance assessed in terms of both productivity and accuracy while distinguishing
between the core academic subjects (math, reading and spelling). The results of the metaanalysis of 34 studies from 1980 to 2017 were described in Chapter 2. Further, the
evidence from our randomized double-blind placebo-controlled crossover trial further
contributed to this aim and was described in Chapter 3. Secondly, we aimed to unravel
the mechanism behind MPH-effects on academic performance, thereby distinguishing
between measures of academic effort (productivity) and qualitative improvements in
academic performance (accuracy). For this purpose, we studied the influence of an
elaborate set of carefully selected moderators and mediators on relation between MPH
treatment and academic performance in children with ADHD. Moderator- and mediator
analyses of pooled effects were described in the meta-analysis in Chapter 2. Moderator
and mediator effects in our own crossover RCT were described in Chapters 3 and 4. The
third aim was to quantify the effects of MPH on feedback learning (Chapter 5) and the
interaction between MPH and reward on math performance in children with ADHD
(Chapter 6). The following paragraphs give a short summary of the collected evidence
relating to these three aims. This is followed by a critical discussion of the results.
Table 7.1 provides an overview of the thesis aims and corresponding key findings.

FIRST AIM

MPH Effects on Productivity and Accuracy in Math, Reading and Spelling
Chapter 2 described a systematic review and meta-analysis summarizing results from
over three decades of research on the effects of MPH on academic performance in
primary school children with ADHD. PubMed, EMBASE, ERIC and PsycINFO were
searched for articles reporting MPH effects on academic productivity and accuracy.
Thirty-four studies met entry criteria, representing a combined total of 1777 children
with ADHD. Another 425 children with ADHD from seven studies were included in
a qualitative synthesis. There were small to medium sized positive effects of MPH on
math accuracy (3.0% increase), math productivity (7.8% increase) and reading speed
(SMD .47). Results from our qualitative synthesis corroborated these findings. The
number of studies reporting on MPH effects on spelling accuracy was insufficient for
meta-analysis and the qualitative synthesis of studies reporting on this topic was
inconclusive as it was based on too few studies.
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The results from our double-blind randomized placebo-controlled crossover study
comparing the immediate (7-days treatment) effects of long-acting MPH and placebo
are in line with the findings from the meta-analysis and were described in Chapter 3.
Here, we investigated the impact of ADHD on academic performance and the effects
of MPH on academic accuracy and productivity in math, reading and spelling. Children
with ADHD (N=63, age 8-13, IQ>70) were impaired on math accuracy and productivity
compared to TD children (N=67, age 8-13, IQ>70). The effects of MPH were small- to
medium sized and limited to those academic subjects for which children with ADHD
significantly underperformed in comparison to TD children (math). For mathematical
productivity, MPH treatment resulted in a 2% increase, but performance did not
normalize to the level of TD children. Further, MPH treatment increased accuracy for
mathematical word problems by 9% and so doing normalized performance of children
with ADHD to the level of TD children. Together, the results from the meta-analyses
and our RCT reveal that academic improvements with MPH in children with ADHD
are small compared to symptom improvements (which were medium- to large in this
study) and qualitative improvements were limited to math.

SECOND A IM

The Mechanism behind MPH-effects on Academic Performance
In the meta-analysis described in Chapter 2, we investigated the mediating and
moderating effect of behavioral improvements (mediator) and demographic-, design-,
and disorder-related variables (moderators). The number of studies reporting on these
mediators and moderators was limited, therefore our meta-regression analyses were
conducted for the effects of MPH on math accuracy only. Further, the number of studies
reporting on on-task behavior and parent-rated improvements in ADHD symptoms
was insufficient for meta-regression. Our results from the meta-regression of 29 studies
on MPH effects on math accuracy reveal no mediating effect of teacher-rated ADHD
symptom improvements. None of the included moderators (age, gender, ADHDsubtype, ODD/CD comorbidity, ADHD severity, release system, study duration, time
of measurement, dose and titration method) affected the effect of MPH on academic
performance. Thus, the meta-regression of existing studies reported provides no
evidence for effects of the hypothesized behavioral mediators and demographic-,
design-, and disorder related moderators. However, more research on this topic is
necessary to investigate the effects of potential mediators and moderators on other
academic outcomes (e.g. math productivity, reading accuracy and productivity).
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In Chapters 3 and 4 we further investigated the mechanism behind MPH-related
improvements in academic performance. Data was obtained from the abovementioned
RCT investigating the short-term effects of MPH on academic performance in a group
of children with ADHD. Specifically, the mediator and moderator analyses in these
chapters focused on math productivity and math accuracy as these measures showed
significant (albeit small) improvement with MPH treatment. In Chapter 3, we
investigated the mediating effect of ADHD symptom improvements on the relation
between MPH treatment and math performance. In addition, this chapter describes
the moderating effects of learning ability and ADHD symptom severity on MPHrelated math improvements. In line with our hypothesis, parent-rated symptom
improvements partially mediated the effects of MPH on math productivity. Parentrated symptom improvements did not affect MPH-improvements in math accuracy.
Also, teacher-rated improvements in ADHD symptoms did not influence MPH-effects
on math accuracy or math productivity. The former is in line with the results from the
meta-analysis. Moreover, MPH efficacy in improving math accuracy in this study was
limited to children with lower-than-average mathematical abilities. Our results
implicate that ADHD symptom severity (attentional and hyperactive/impulsive
symptoms) did not moderate the effects of MPH on math performance. Thus, the
results from Chapter 3 suggest that the small effects of MPH on math performance
are, at least in part, due to improvements in ADHD symptoms.
In Chapter 4, we expanded the findings of Chapter 3 by exploring the mediating effects
of MPH-related improvements in cognition, motivation and perceived competence on
MPH effects on math performance. The results from this study indicate that children
with ADHD perform worse than TD children on cognitive measures thought to be
important in determining academic performance, including visuospatial working
memory and lapses of attention. Moreover, children with ADHD showed lower intrinsic
motivation for schoolwork, specifically for math. In addition, children with ADHD
showed altered parent-rated reward responsivity and lower self-, parent- and teacher
rated self-perceived competence. In contrast to our hypotheses, MPH improved neither
cognition nor motivation for schoolwork. Thus, this study did not provide evidence
for a mediating role for cognitive or motivational improvements on MPH-related effects
on math. Our results did show that MPH increased parent-ratings of their child’s selfperceived competence and these improvements mediated MPH efficacy on math
productivity. Together, the results from our RCT demonstrate that the limited effects
of MPH on math productivity are at least partly due to behavioral improvements,
whereas such behavioral improvements (teacher- and parent-rated) do not affect MPH
effects on math accuracy. Further, the results from Chapter 4 raise questions about
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how necessary improvements in specific cognitive and motivational deficits associated
with ADHD are for medication-related academic improvement.

THIRD AI M

Effects of MPH on Feedback Learning and on the Ability to Profit from Reward
The third aim was to quantify the effects of MPH on two aspects of reinforcements
processing in children with ADHD: Firstly, the effects of MPH on feedback learning
were studied (Chapter 5) and secondly, the interaction between MPH and reward on
math performance was investigated (Chapter 6). For both studies, data were obtained
from the abovementioned RCT comparing performance of 63 children with ADHD
while treated with MPH or placebo, and comparing their performance to that of 67
TD controls. To study the effects of MPH on feedback learning, a well validated
associative learning test adapted for children was used: The task started with a learning
phase during which novel stimulus-reward associations were learned, and was followed
by a test phase during which the acquired knowledges had to be applied to novel
stimulus pairs. The task ended with a reversal phase in which contingency values were
reversed. Using this task, the effects of ADHD diagnosis and MPH treatment on the
acquisition of stimulus-reward associations, generalization of this knowledge to novel
contexts and reversal learning were studied. The results suggest that both the acquisition
of stimulus-reward associations and reversal learning are intact in children with ADHD.
However, children with ADHD showed impairments in generalization of acquired
knowledge. Treatment with MPH improved the acquisition of novel stimulus-reward
associations and there was a trend effect of MPH on generalization of knowledge. MPH
normalized the ability of children with ADHD to generalize knowledge to the level of
TD peers. In conclusion, these result reveal that the acquisition of knowledge with
feedback learning is intact in children with ADHD but that they face difficulties when
applying this knowledge to novel contexts. Medication has potentially beneficial effects
on feedback learning in ADHD in a way that may lead to improvements of generalization
of stimulus-reward associations. However, replication of these results is necessary.
In Chapter 6 we compared the effects of reward and MPH, and the possible interaction
between them, on an ecologically valid math performance task in children with ADHD.
To this end, we developed a math task that required children with ADHD and TD
controls to solve calculations (addition) of increasing difficulty level. Difficulty was
adapted to performance and performance was either coupled to contingent reward
(motivation condition: a smiling face; the sound of applause; +1 point which could be
exchanged for stickers) or no feedback (neutral condition). Achieved difficulty level
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at the end of the task was the dependent variable. The results from this study indicate
that all children profited equally from rewarded feedback, resulting in better math
performance. The effects of MPH and rewarded feedback on math performance were
additive. In line with the results from the meta-analysis and Chapter 3, children with
ADHD were impaired on the math task compared to TD controls. However, children
with ADHD did not profit more from feedback than TD controls did. These results
emphasize the importance of motivational strategies such as positive feedback and
small rewards to improve academic performance in both children with and without
ADHD.
General Discussion and Implications of the Results
This thesis aimed to further investigate the effects of MPH, the most common stimulant
for ADHD, on academic performance and learning. Key outstanding questions are (1)
whether MPH affects the quality of academic work or merely results in increased effort;
(2) whether the effects of MPH differ between core academic subjects; (3) whether
improvements in behavior, cognition and motivation mediate the effects of MPH on
academic performance; (4) how MPH affects feedback learning and the ability to profit
from feedback and reward. This knowledge is necessary to manage the expectations
of treating physicians, parents and teachers. Further, knowledge of moderators of the
effects of MPH on academic performance could result in the identification of clinical
subgroups for which higher or lower medication effectivity could be expected.
MPH has Very Limited Effects on Academic Performance in Children with ADHD
Our results reveal that improvements with MPH can be achieved over the short term
(RCT with treatment duration of one week) but are very specific and limited to math
(according to the meta-analysis and our experimental data) and reading (according to
the meta-analysis). These results thus stress the importance of distinguishing between
academic subjects (math, reading, spelling) when studying the effects of MPH on
academic performance. Specifically, the results from our meta-analysis suggest that
the potential for MPH to improve academic performance lies in those areas where
underperformance is most apparent (i.e. math and reading, see also Frazier,
Youngstrom, Glutting, & Watkins, 2007). This suggestion is confirmed by our findings
from Chapter 3 showing that MPH improved academic performance only in those
subjects (math productivity and accuracy) where children with ADHD underperformed
in comparison to TD children. One explanation for the subject-specific effects of MPH
on academic performance may be the focus of current research: Studies on the effects
of MPH focus on math and reading and rarely report on other academic subjects (e.g.
spelling, writing). Thus, perhaps the current amount of research is too little to reveal
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Table 7.1 Overview of the thesis aims and corresponding key findings
Aim

Key findings

• MPH has small to medium sized positive effects on
1 aim
Quantify the effects of MPH on academic performance
math accuracy and math productivity (Chapters 2,
assessed in terms of both productivity and accuracy
3 and 6) and reading speed (Chapter 2)
while distinguishing between core academic subjects • MPH has no effect on reading accuracy and
(math, reading and spelling)
spelling (Chapters 2 and 3)
• Overall academic effects of MPH are small
compared to behavioral effects and limited to
math (Chapters 2 and 3)
st

• Children with ADHD have cognitive impairments
2nd aim
Unravel the mechanism behind MPH-effects on
(visuospatial working memory and lapses of
academic performance, thereby distinguishing
attention), and are less intrinsically motivated for
between academic productivity and academic accuracy
math (Chapter 4)
for math, reading and spelling
• MPH has large effects on ADHD symptoms
(Chapter 3)
• There are no effects of MPH on cognition and
motivation (Chapter 4)
• The only evidence for mediating variables
influencing MPH-effects on academic performance
relates to improvements in ADHD symptoms
(parent-rated) and improvements in parent reports
of their child’s perceived competence. These effects
are specific for MPH effect on math productivity
(Chapters 3 and 4).
• Evidence for moderating variables affecting MPH
effects on academic performance is limited to math
ability: Children with below-average math
performance profit more from MPH treatment than
children with above-average math performance
(Chapter 3).
3rd aim
Quantify the effects of MPH on feedback learning in
children with ADHD and the interaction between
MPH and reward on math performance in children
with ADHD

• Children with ADHD show intact acquisition of
stimulus-reward associations and reversal learning
compared to TD controls (Chapter 5)
• Children with ADHD are impaired when acquired
knowledge needs to be applied in novel contexts
(Chapter 5)
• MPH treatment improves learning of stimulusreward associations and shows potential (trend
effect) to improve generalization of knowledge
(Chapter 5)
• Parents of children with ADHD report differential
responses of their children to punishment and
reward, compared to parents of TD controls
(Chapter 4)
• Children with ADHD and TD controls profit
equally from positive feedback and reward, resulting
in better math performance (Chapter 6)
• MPH treatment does not affect the ability to profit
from feedback and reward on a math task (Chapter
6)
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positive effects of MPH. However, results from individual studies so far don’t support
the potential of MPH to improve spelling (Bental & Tirosh, 2008; Douglas et al., 1986;
Pelham et al., 1985) or writing (Lufi & Gai, 2007) in children with ADHD. Another
explanation is that the observed improvements are mostly improvements in
productivity. Perhaps reading and math allow for improved productivity more than
subjects such as spelling and writing, in which accuracy is more relevant. In keeping
with this explanation, math and reading abilities may be more sensitive to short-term
(direct) effects of MPH, whereas improvements in for instance handwriting may be
achieved only over the longer term as these are more skills based. For example, previous
studies showed that handwriting not only depends on sustained attention, but also on
fine-motor skills and visual-motor integration (Feder & Majnemer, 2007).
With regard to the effects of MPH on reading abilities, results from our meta-analysis
reveal that MPH has the potential to improve reading speed but not accuracy. Our
experimental data do not support this view. This may be due to methodological
differences between the two studies - in the meta-analysis reading comprehension tasks
(reading in story format) were used, while we used a word-reading task in our RCT
(technical reading). Although reported correlations between word-reading tasks and
reading comprehension are generally high (Aarnoutse, Van Leeuwe, Voeten, Van Kan,
& Oud, 1996; Riedel, 2007a), there is also a considerable number of children who show
impaired reading comprehension but adequate reading fluency on word-reading tasks
(Riedel, 2007b). Thus, measures of reading comprehension may be of most interest
here, as reading comprehension is often seen as the ultimate goal for reading
achievement (Good, Simmons, & Kame’enui, 2001). However, evidence from earlier
studies into ADHD-related impairments in reading do not distinguish between wordreading and reading comprehension (Arnold, Hodgkins, Kahle, Madhoo, & Kewley,
2015; Frazier, Youngstrom, Glutting, & Watkins, 2007). Therefore, it remains unclear
whether children with ADHD are more impaired in reading comprehension or wordreading. Taken together, although the increase in reading speed in story format is
promising, current literature suggests that such improvements in productivity do not
result in qualitative better reading on the short-term or long-term (Langberg & Becker,
2012).
Overall, MPH related improvements in academic performance are small compared to
the robust effects of this type of medication on ADHD symptoms (MTA-group, 1999b;
Van der Oord et al., 2008). Our findings, combined with evidence relating to MPH
effects on longer-term academic outcomes (Langberg & Becker, 2012), raise questions
about the value of these MPH-related improvements in math and reading for
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educational outcomes of children with ADHD. The explanation for the discrepancy
between effects of MPH on behavior (ADHD symptoms) and academic performance
may lie in clinical titration practices. Medication is titrated on behavioral outcomes
(parent- and teacher-ratings of ADHD symptoms), not on cognitive or academic
outcomes. However, previous research suggests that medication dose optimal for
ADHD symptom improvements is higher than optimal dose for cognitive improvements
(Hale et al., 2011). These findings are in line with the smaller effects sizes (often
medium sized) for cognitive improvements than for behavioral improvements (Coghill,
Seth, et al., 2014; Pietrzak et al., 2006; Van der Oord et al., 2008). In our meta-analysis,
we included studies using clinical titration methods as well as studies comparing fixed
doses (high versus low). Because we aimed to investigate the maximum possible effects
of MPH we selected the doses optimal for academic performance from the latter group.
However, this was only possible for 9 out of 34 studies. It is therefore likely that
medication doses in the other studies as well as in our RCT were suboptimal for
cognitive and academic improvements.
Evaluation of the Proposed Mediation Model
The second aim of this thesis was to unravel the mechanism behind MPH-related
improvements in academic performance. The results from our meta-analysis (Chapter
2) and RCT (Chapters 3 and 4) imply that our proposed model was largely incorrect.
Although we found evidence for a mediating role for parent-ratings of ADHD
symptoms and parent-ratings of their child’s perceived competence, our other mediators
and moderators were not significant, see Figure 7.1. This is surprising given the impact
of these variables on academic performance and that children with ADHD are impaired
on these variables. It is important to note here that the actual effects of MPH on
academic performance were minimal. Consequently, this reduces the importance of
the mechanism behind such improvements and limits the potential influence of these
potential mediators and moderators. Together, these results suggest that improvements
in academic productivity at least partly depend on reductions in ADHD symptoms,
whereas behavioral improvements do not result in qualitative improvements in
academic performance per se.
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Figure 7.1
In this thesis we proposed that MPH-related improvements in academic performance could be partly explained
by (1) reductions in ADHD symptoms; (2) improvements in cognition (attention, working memory, interference
control and processing speed); (3) increases in academic motivation and self-perceived competence. Our results
do not support this model. Results from our RCT suggest a mediating role for parent-rated improvements in
ADHD symptoms and parent-rated increases in their child’s self-perceived competence.

A puzzling finding in this mediator analysis is that these mediational effects were
limited to parent-ratings of symptom improvements and self-perceived competence.
In our RCT, parents reported larger reductions in ADHD symptoms than teachers and
only parent-ratings of MPH-related increases in perceived competence were significant.
The difference between parent- and teacher-ratings of ADHD symptoms and selfperceived competence may be because parents generally spend more time with their
child and observe their child in different settings, compared to teachers who often
work part-time. As a result, parents may be better in detecting changes in their child’s
behavior than teachers (Shemmassian & Lee, 2012) an may be more reliable judges of
symptom improvements . However, although the difference between parent- and
teacher ratings of ADHD symptoms is also observed in the literature, studies also stress
the importance of using multiple informants for the identification of the full range of
ADHD symptoms (Mitsis, Mckay, Schulz, Newcorn, & Halperin, 2000). This supports
our approach in investigating multiple (parent-, teacher- and sometimes child-)
perspectives on our proposed mediators. Concerning the second mediator, selfperceived competence, it might be argued that parents are a reliable source of
information here as children with ADHD often give extremely positive reports of their
own competence, i.e. they show an illusory bias (Owens, Goldfine, Evangelista, Hoza,
& Kaiser, 2007).
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In contrast to our predictions, MPH did not improve the cognitive or motivational
functioning of children with ADHD in our sample. This was in spite of the fact that
children performed less well on these measures, compared to TD controls. These
findings oppose previous findings on MPH-related improvements in cognition
(Coghill et al., 2014; Pietrzak et al., 2006) and motivation (Shiels et al., 2009). Although
our cognitive tasks were comparable in design as task used in previous studies,
literature on the effect of MPH on explicit (questionnaire) measures of academic
motivation is lacking so far. It is unlikely that trial duration was too short to result in
cognitive and motivational improvements, as previous studies on the effects of MPH
on cognition and motivation have similar, or shorter, durations (Coghill, Seth, et al.,
2014; Pietrzak et al., 2006; Shiels et al., 2009). Perhaps MPH-related improvements
in cognition and motivation have explanatory value only in case of (more) severe
deficits in cognition and motivation. This conclusion appears valid as our lack of
findings is not due to a ceiling effect or lack of power and we investigated an elaborate
set of cognitive and motivational measures often affected in children with ADHD
(Carlson, Booth, Shin, & Canu, 2002; Luman, Oosterlaan, & Sergeant, 2005; Mullane,
Corkum, Klein, & McLaughlin, 2009; Scholtens, Rydell, & Yang-Wallentin, 2013;
Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005) which are related to academic
underperformance (Biederman et al., 2004; DiPerna et al., 2005; Guay et al., 2003;
Gut et al., 2012; Mayes & Calhoun, 2007b; Preston et al., 2009; Thorell, 2007; Volpe
et al., 2006). Therefore, our results down play the importance of these cognitive and
motivational variables in the explanation of MPH-related academic improvements.
We do acknowledge, however, that there are other cognitive and motivational measures
that may be relevant here and that may show MPH-related improvements essential
for academic performance. For example, children with ADHD show deficits in
response inhibition (Faraone et al., 2015; Willcutt et al., 2005) and previous literature
suggests that these deficits partly mediate the impact of ADHD diagnosis on academic
(under)performance. As there is evidence for positive effects of MPH on response
inhibition (Coghill et al., 2014), these improvements may mediate MPH-effects on
academic performance.
In addition, we found a moderating role for academic abilities which implies that
MPH-treatment is most effective for children with below-average mathematical
abilities. This finding is promising as it is for these children improvements in math
performance are most relevant. Also, if future research confirms these findings, it may
be useful to take academic performance into account to predict academic outcomes.
Taken together is important to emphasize that effects of MPH on academic performance
were small which attenuates the importance of the model behind these limited
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improvements in school performance. However, the evidence collected here suggests
that behavioral improvements in particular may be predictive of better academic
outcomes when treated with MPH.
MPH Improves Feedback Learning but Not the Ability to Profit from Rewarded
Feedback
In contrast to our hypotheses, the evidence from Chapter 5 and 6 reveals that children
with ADHD and TD profit equally from rewarded feedback. We found no evidence
for impairments in the acquisition or reversal of stimulus-reward associations or the
ability to profit from rewarded feedback. A possible explanation for these findings is
the use of rewarded feedback, that is the combination of feedback (thumbs up, smiley,
applause) in combination with a reward (monetary reward or points). Existing literature
suggest that children with ADHD are more sensitive to this reward component than
TD controls (Dovis, Van Der Oord, Wiers, & Prins, 2013; Luman et al., 2005). Therefore,
it is possible that children with ADHD profited most from the addition of rewards in
our experiments, resulting in comparable performance between the ADHD and TD
groups. Further, it important to note that in daily life, learning may be more complex
than the acquisition and reversal of stimulus-rewards associations in a standardized
lab task. Especially during longer, more complex academic or cognitive tasks it is
therefore likely that especially children with ADHD do experience problems with this
type of learning in daily life in spite of these results.
Concerning the effects of MPH, results from the studies described in Chapters 5 and
6 imply that MPH speeds up learning even when instrumental learning is intact. This
is in line with previous studies (Luman et al., 2015) and also consistent with the view
of MPH as a cognitive enhancer (Farah et al., 2004). Our findings of the potential role
for MPH in improving generalization of knowledge are also in line with this latter view.
However, the effect of MPH on generalization of knowledge was small and needs to
be replicated in future studies. Our findings expand previous findings on deficits in
generalization of knowledge from adults with ADHD to children with ADHD (Frank
et al., 2007). Further, our results reveal that the positive effects of MPH on instrumental
learning previously described are not due to placebo effects, which is important as
placebo effects in RCTs are generally large (Krogsbøll et al., 2009).
Further, MPH did not affect the ability to profit from rewarded feedback (Chapter 6).
In combination with the limited effects of MPH on academic performance shown in
the previous chapters, this suggests that the use of motivational strategies within
classrooms should be increased. This suggestion is also in line with the finding that
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all children (children with ADHD as well as TD children) profited equally from
rewarded feedback. This runs with the grain of the increasing popularity of inclusive
education.
Overall, the results from this thesis suggest that stimulant medication needs to be used
judiciously, specifically the most commonly prescribed stimulant MPH, in normalizing
school performance in children with ADHD. Although MPH shows potential to
influence certain academic skills (math and reading), effects are small in comparison
to behavioral improvements with MPH and qualitative improvements are small and
restricted to math. Together, these results infer that, when improvement of academic
abilities is one of the main treatment goals, MPH does not have the potential to
normalize school performance in children with ADHD. Treating physicians, parents
and teachers should therefore make informed decisions on optimal treatment and also
consider other treatments (e.g. interventions aiming at improving parent- and teacher
functioning, see Daley et al., 2014). Future research should therefore also focus on the
potential of nonpharmacological treatments to normalize academic performance in
children with ADHD.
Strengths and Limitations
The current thesis has several strengths: Findings from a thorough aggregation of more
than three decades of research on MPH-effects on academic performance were
extended with a double-blind placebo-controlled crossover study measured MPHeffects in a realistic school setting, using reliable and validated (standardized) academic
tasks. Further, we extensively studied a wide range of behavioral, cognitive and
motivational factors that were likely to influence MPH-effects on academic
performance. When available, we used multiple respondent formats for an outcome
(e.g. self-, parent- and teacher reports) to increase validity and reliability.
An important issue to address here is the value of short term randomized controlled
studies, such as the ones described in this thesis, to investigate the direct effects of
MPH on academic performance. This type of study is the only methodologically valid
type of study to investigate medication-efficacy as it allowed trials to be double-blind
and placebo-controlled. This is important as placebo-effects are generally large in this
type of study and patients cannot be blinded when treatment is compared to no
treatment (Krogsbøll et al., 2009). Although the results from our meta-analysis
(Chapter 2) revealed no effects of study duration on MPH-effectivity, duration of
these studies varied considerably between one and 21 days (per treatment condition)
with most studies spanning seven days. Longer term placebo-controlled trials (with
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treatment periods of at least 2 months) may be more predictive of future academic
performance as they allow for the inclusion of measures that are more predictive of
academic achievement (e.g. grades). In addition, whether such longer term trials also
allow for larger changes in actual performance (also on standardized achievement
test) is questionable: On the one hand, improvements in for instance attention, feelings
of competence and effort may add together over time and result in better academic
performance. On the other hand, as argued above, there is no evidence that the effects
of MPH on behavior and cognition are larger in longer term trials. One way or another,
such longer term placebo-controlled trials are scarce because of ethical constraints
and have low medication adherence and high dropout rates. Therefore, it is likely that
relatively short term trials will be standard practice in this line of research, making it
difficult to translate these findings to academic achievement and occupational
outcomes. Thus, when drawing conclusions about the (absence) of effects of MPH on
academic performance we need to carefully balance evidence from methodologically
strong RCTs on direct effects with more ecologically valid studies of long term
academic outcomes. When doing this, we can conclude that aggregations of effects
of MPH on longer-term outcomes of academic performance (including grades, grade
retention, type of education, continuation to college) also question the clinical
significance of MPH-effects given their relatively small size (Langberg & Becker, 2012;
Loe & Feldman, 2007).
A related issue here is the use of standardized achievement tests to measure the effects
of MPH on academic performance. This type of task is by far the most commonly used
in this field as it allows for direct assessment of the effects of MPH, the utilization of
norm-groups when required and the use of different (parallel) versions of a task to
minimize learning effects in case of repeated assessment. However, standardized tests
show much lower correlations with longer term educational measures (school dropout
and college performance) than for instance grade point averages (Allensworth &
Easton, 2007; Zwick & Green, 2007). This is an important issue as it has been shown
that the effects of ADHD symptoms are most apparent on standardized tests, compared
to other outcome measures such as grades, grade repetition or type of schooling (Frazier
et al., 2007). This suggests that MPH-efficacy may also differ between educational
outcome measures, in line with the long term findings of Arnold et al. (2015). Future
research on the effects of MPH on academic performance should distinguish between
quantifying the impact of MPH on core academic productivity/accuracy (which is only
possible using standardized achievement tasks) and using more ecologically valid
educational outcome measures.
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Furthermore, in our RCT we used medication doses identical to the clinical dose
prescribed by the patients’ treating physician. Although this maximized ecological
validity of our results, this may have resulted in doses of MPH that were suboptimal
for academic performance. As titration was done in a classical manner (in contrast to
double-blind titration, see MTA-group, 1999a), doses may also have been suboptimal
for symptom improvement. However, parents- and teachers reported robust behavioral
improvements with MPH compared to placebo. In addition to the disadvantage of
classical titration, titration based on behavior may have resulted in doses that were not
optimal for cognitive and academic performance (Hale et al., 2011).
Clinical Implications and Future Directions
As academic improvement is one of the main treatment goals (Wright et al., 2015) in
ADHD, an important implication from this thesis is that we should tone down the
expectations of parents, teacher and treating physicians about the short-term effects
of MPH on academic performance: Parents, teachers and treating physicians should
be advised about the limited and specific effects of this type of treatment on school
performance.
Further, the results from our meta-analysis and intervention study indicate that the
potential of MPH to improve academic performance lies in those areas where children
with ADHD underperform (i.e. math and reading). This may, however, not be specific
to children with ADHD as cognitive enhancers generally affects skills or performance
that are impaired or have room for improvement (Farah et al., 2004). Moreover, our
results suggest that the potential for MPH to improve academic performance may differ
between individuals (below-average performing children profited more from MPH
than children who performed above-average). Further, as behavioral improvements
partly mediated positive effects of MPH on math productivity, differences in behavioral
treatment response may be predictive of the impact of MPH on academic performance.
Thus, it is important to take individual differences in learning abilities and behavioral
treatment response into account when prescribing stimulants to children.
The results from this thesis further imply that future research should separately assess
the effects of MPH on measures of accuracy and productivity and distinguish between
academic subjects, preferably even between types of reading (word-reading versus
reading comprehension) and types of math (automatization versus word problems)
given the differential effects of MPH on these outcomes. Also, more research on the
effects of MPH on spelling and reading (especially word reading) is necessary, as
evidence is scarce and inconsistent. More research on the impact of moderators
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(including medication dose, duration of treatment, type of medication) and mediators
(such as improvements in cognition or motivation) of MPH is necessary as data is
currently too limited for meta-regression. When possible, these future studies should
include a baseline measurement without medication to further clarify the interpretation
of MPH-effects on academic performance because placebo effects are generally large,
with effect sizes >.40 (Krogsbøll et al., 2009).
In addition, the results from our meta-analysis reveal that MPH-effects on math
performance are not affected by release system (i.e. immediate versus extended release
or transdermal patches). This is in line with individual studies comparing the effects
of immediate- and extended release MPH on academic performance (Döpfner et al.,
2004; Pelham Jr. et al., 1990; Swanson et al., 2004), and this is promising given the
increasing popularity of extended release formulations. There are however, also
differences between extended release stimulants. For example, extended release
formulations of MPH often have a component that is released immediately after it is
taken. The relative size of this component differs between formulations (Banaschewski
et al., 2006). It is therefore important that treating physicians are aware of these
differences so they can optimally adjust medication type to individual needs of the
child. For example, when a child experiences difficulties during the start of the school
day a larger immediate component may be considered whereas for another child a
more equally distributed release over the day may be preferred.
Moreover, our results suggest that MPH-related improvements in parent-rated selfperceived academic competence mediate MPH effects on math productivity. These
results need to be replicated and expanded if we are to further understand the role of
parent-rated self-perceived competence in relation to motivation and performance. In
addition, future research should look into the differences between self-, parent- and
teacher-ratings of MPH-improvement so we can further understand the surprising
finding that only parent-rated measures mediate MPH-effects on academic
performance.
Concerning instrumental learning and learning under different motivational
conditions, the results from this thesis suggest that correct acquisition of novel
knowledge does not guarantee that a child with ADHD can apply such knowledge
elsewhere. As this application of knowledge in different and novel situations is daily
practice in the life of a child with ADHD, future research should further investigate
the potential of MPH to improve this. In addition, our results emphasize the relevance
of task motivation for performance. Teachers and parents should realize that, for
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children with and without ADHD, the use of simple motivating strategies such as the
expectation of positive, task related feedback and the prospect of a small reward (e.g.
sticker) can already significantly improve performance. Thus, teachers and parents
should use such strategies when possible to increase motivation for learning.
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NEDERLANDS E S A MEN VAT T IN G
SCHOOLPROBLE MEN VA N KIN DE REN M E T A D H D
IS M EDICAT IE DE OP L OS S IN G?
Het belangrijkste doel van dit proefschrift was om te onderzoeken wat de effecten zijn
van methylfenidaat op schoolprestaties en leren. Methylfenidaat is de vaakst
voorgeschreven medicamenteuze behandeling voor ADHD (Faraone, Biederman,
Spencer, 2006; Faraone et al., 2015). Het is belangrijk om te weten wat de exacte effecten
zijn van methylfenidaat op school- en leerprestaties van kinderen met ADHD omdat
deze kinderen met grote regelmaat milde tot ernstige problemen ervaren op school.
Deze problemen variëren van onderpresteren tot plaatsing binnen het speciaal onderwijs
of het voortijdig stoppen met school (DuPaul, 2007; Frazier et al., 2007; Loe & Feldman,
2007). Om de effecten van methylfenidaat op schoolpresteren en leren in kaart te
brengen, werden drie deelvragen beantwoord: Allereerst kwantificeerden we de effecten
van methylfenidaat op schoolprestaties in termen van productiviteit (de proportie
gemaakte opgaven) en accuratesse (de proportie correct gemaakte opgaven), waarbij
we onderscheid maakten tussen de verschillende basisschoolvakken (rekenen, lezen en
spellen). Dit onderscheid is belangrijk omdat eerder onderzoek suggereert dat het effect
van methylfenidaat met name robuust is voor productiviteits- en gedragsmaten (bijv.
taakgericht werken, zie Prasad et al., 2013) en voor bepaalde schoolvakken (Murray et
al., 2011), hoewel onderzoek hiernaar tot op heden zeer schaars was. De resultaten van
deze deelvraag staan beschreven in hoofdstuk 2 en hoofdstuk 3.
Ten tweede beoogden we het mechanisme van de werking van methylfenidaat op
schoolprestaties bloot te leggen. Ook hier maakten we onderscheid tussen effecten van
methylfenidaat op productiviteit en accuratesse voor de verschillende schoolvakken.
We bestudeerden de invloed van een aantal zorgvuldig geselecteerde moderatoren en
mediatoren op de effecten van methylfenidaat op schoolprestaties. Deze analyses
voerden we uit binnen ons eigen onderzoek (hoofdstuk 3 en 4) en op de gepoolde
effecten van methylfenidaat in onze meta-analyse van de afgelopen 37 jaar aan
onderzoek hiernaar (hoofdstuk 2). Ten derde hebben we onderzocht wat de effecten
zijn van methylfenidaat op het leren van feedback. Hiervoor hebben we eerst gekeken
welke effecten methylfenidaat heeft op het proces van stimulus-respons leren middels
feedback (hoofdstuk 5). Hoewel theoretische modellen van ADHD suggereren dat
kinderen met ADHD hier moeite mee hebben (Luman et al., 2005; Tripp & Wickens,
2009), is het empirische bewijs hiervoor inconsistent (Groen et al., 2008; Luman, Goos,
& Oosterlaan, 2015; Luman, Van Meel, Oosterlaan, Sergeant, & Geurts, 2009).
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Daarnaast is er onvoldoende bekend over de interactie tussen de effecten van
methylfenidaat en feedback (bijv. beloning) op presteren in de klas. Dit is wel relevant,
omdat het aantal kinderen dat behandeld wordt methylfenidaat de afgelopen jaren is
toegenomen (Dutch Health Council, 2014; The Lab Express Scripts, 2014). In hoofdstuk
6 beschreven we de interactie tussen de effecten van methylfenidaat en beloonde
feedback op rekenprestaties. Tabel 7.1 geeft een overzicht van de doelen van dit
proefschrift en de bijbehorende hoofdbevindingen.

DEEL 1

De effecten van methylfenidaat op de productiviteit en accuratesse van rekenen,
lezen en spellen
In hoofdstuk 2 beschreven we de resultaten van onze meta-analyse waarin meer dan
drie decennia aan onderzoek (34 studies, 1777 kinderen) naar de effecten van
methylfenidaat op schoolprestaties gezamenlijk werd geanalyseerd. Hier werd een
kwalitatieve synthese van nog eens 7 studies (425 kinderen) aan toegevoegd. De
resultaten van de meta-analyse en kwalitatieve synthese sloten bij elkaar aan en hieruit
bleek dat de effecten van methylfenidaat over het algemeen klein en zeer specifiek zijn:
er waren kleine tot middelgrote effecten van methylfenidaat op accuratesse van rekenen
(3,0% toename), productiviteit van rekenen (7,8% toename) en leessnelheid (SMD
0,47). Methylfenidaat had geen effect op accuresse van lezen. Het aantal studies naar
de effecten van methylfenidaat op spelling was onvoldoende groot voor een metaanalyse en de kwalitatieve synthese van deze studies was niet eenduidig. De resultaten
van ons eigen onderzoek, beschreven in hoofdstuk 3, sloten aan bij de resultaten van
de meta-analyse. Middels een gerandomiseerde dubbel-blind placebo-gecontroleerde
crossover studie vergeleken we de directe (7-dagen behandeling) effecten van
langwerkend methylfenidaat en placebo op schoolprestaties en (feedback) leren.
Kinderen met ADHD (N=63, leeftijd 8-13 jaar, IQ>70) werden vergeleken met een
controlegroep van kinderen met een reguliere ontwikkeling (N=67, leeftijd 8-13 jaar,
IQ>70). Uit het onderzoek kwam naar voren dat kinderen met ADHD minder accuraat
en minder productief waren voor rekenen, in vergelijking met de controlegroep. De
effecten van methylfenidaat waren klein tot middelgroot en beperkten zich tot rekenen:
een schoolvak waarin kinderen met ADHD vaak onderpresteren ten opzichte van
klasgenootjes zonder ADHD. De productiviteit van rekenen nam met 2% toe met
methylfenidaat, maar prestaties van de kinderen met ADHD normaliseerden niet
(m.a.w. de prestaties van deze kinderen bleven lager dan die van kinderen in de
controlegroep). Met methylfenidaat nam de accuratesse van rekenen voor één van de
twee rekentaken met 9% toe en daarmee presteerden de kinderen met ADHD op
hetzelfde niveau als hun klasgenootjes.
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Tezamen tonen de resultaten van de meta-analyse, de kwalitatieve synthese en onze
eigen studie aan dat de effecten van methylfenidaat op schoolprestaties van kinderen
met ADHD klein zijn ten opzichte van de effecten van methylfenidaat op gedrag (m.a.w.
ADHD-symptomen: de effecten hierop waren middelgroot tot groot in deze studie)
en dat een (kleine) toename in kwaliteit van schoolwerk (accuratesse) alleen werd
gezien bij rekenen. Het is daarom belangrijk om de, vaak hoge, verwachtingen die
betrokken ouders en leerkrachten hebben van de effecten van dit veel voorgeschreven
medicijn op schoolprestaties te relativeren.

DEEL 2

Het werkingsmechanisme van de effecten van methylfenidaat op schoolprestaties
Om een duidelijker beeld te krijgen hoe de effecten van methylfenidaat op
schoolprestaties tot stand komen, onderzochten we de effecten van verschillende
mediatoren. Op basis van de bestaande literatuur maakten we hierbij onderscheid
tussen gedragsmediatoren (bijv. een toe- of afname in gedragssymptomen), cognitieve
mediatoren en motivationele/bekwaamheids- mediatoren. De studies in onze metaanalyse rapporteerden zelden de resultaten van cognitieve en motivationele of
bekwaamheidsmaten. Wel rapporteerde een aantal studies de afname in, door de
leerkracht gerapporteerde, ADHD symptomen in combinatie met de effecten van
methylfenidaat op accuratesse van rekenen. Ook in onze eigen studie keken we naar
de mediërende invloed van een afname in gedragssymptomen op de effecten van
methylfenidaat op rekenenen (accuratesse en productiviteit). We spitsen ons hierbij
toe op rekenen, omdat de effecten van methylfenidaat beperkt waren tot rekenen. Uit
zowel de meta-analyse (hoofdstuk 2) als onze eigen studie (hoofdstuk 3) kwam naar
voren dat de kleine effecten van methylfenidaat op accuratesse van rekenen niet konden
worden verklaard door een afname in ADHD symptomen (gerapporteerd door
leerkrachten en ouders). Wel bleek uit onze eigen studie dat een afname in ADHD
symptomen (gerapporteerd door ouders) de effecten van methylfenidaat op
rekenproductiviteit gedeeltelijk medieerde.
In hoofdstuk 4 breidden we deze bevindingen verder uit door de mediërende invloed
van cognitie, motivatie en het beeld van de eigen bekwaamheid op de effecten van
methylfenidaat op rekenen te onderzoeken. De resultaten van deze studie lieten zien
dat kinderen met ADHD minder goed presteerden dan leeftijdsgenoten zonder ADHD
op cognitieve maten waarvan we, op basis van de bestaande literatuur, denken dat
deze belangrijk zijn voor presteren op school (o.a. werkgeheugen,
interferentiegevoeligheid en variabiliteit in aandacht, zie bijv. Faraone et al., 2015;
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Mullane, Corkum, Klein, & McLaughlin, 2009a; Willcutt, Doyle, Nigg, Faraone, &
Pennington, 2005). Ook zagen we dat kinderen met ADHD minder intrinsiek
gemotiveerd waren voor schoolwerk, met name voor rekenen, dan kinderen in de
controlegroep. De kinderen in de ADHD-groep reageerden volgens hun ouders anders
op beloning en straf dan kinderen in de controlegroep en zij zagen zichzelf, ook
volgens hun ouders en leerkrachten, als minder bekwaam dan hun leeftijdsgenootjes
zonder ADHD. Tegen onze verwachtingen in bleek echter dat methylfenidaat de
cognitieve prestaties en motivatie voor schoolwerk niet verbeterde ten opzichte van
placebo. Er is daarom geen bewijs voor een mediërende rol van cognitieve en/of
motivationele variabelen op de effecten van methylfenidaat op schoolprestaties. Wel
bleek uit de resultaten dat het beeld dat de ouders schetsten van de door hun kind
ervaren bekwaamheid toenam door methylfenidaat en dat deze toename de effecten
van methylfenidaat op rekenproductiviteit gedeeltelijk medieerde.
Behalve mediatoren, werd ook een aantal moderatoren onderzocht. Zulke moderatoren
kunnen bijvoorbeeld inzicht geven in klinische subgroepen waarvoor behandeling met
methylfenidaat met oog op de schoolprestaties met name interessant kan zijn. Ook
kunnen zulke moderatoren aantonen dat de effecten van methylfenidaat in bepaalde
typen onderzoek (bijvoorbeeld studies waarbij een bepaalde titratiemethode werd
gehanteerd of studies waarbij de voorgeschreven dosis methylfenidaat relatief hoog
was) groter zijn dan de effecten in andere onderzoeken. In de meta-analyse werden de
modererende effecten van demografische, methodologische en ADHD-gerelateerde
variabelen op de accuratesse van rekenen onderzocht (leeftijd, geslacht, ADHDsubtype, ODD/CD comorbiditeit, ernst van ADHD, lang/kortwerkend methylfenidaat,
duur van de studie, tijd tussen medicatie-inname en meting, dosis en titratie-methode).
Er werd geen bewijs gevonden voor een significant moderator effect in de meta-analyse.
In onze eigen studie (zie hoofdstuk 3) toonden we aan dat kinderen met
benedengemiddelde rekenprestaties meer profijt hadden van behandeling met
methylfenidaat dan kinderen met bovengemiddelde rekenprestaties.
Tezamen tonen de resultaten van hoofdstuk 2, 3 en 4 aan dat de beperkte effecten die
methylfenidaat heeft op rekenproductiviteit gedeeltelijk te verklaren zijn door een
afname in ADHD-symptomen, terwijl zulke gedragsverbeteringen geen invloed hebben
op de kleine effecten van methylfenidaat op accuratesse van rekenen. Belangrijk bij
deze mediatie- en moderatie analyses is dat de effecten van methylfenidaat op
schoolprestaties zeer klein bleken, waardoor de relevantie van het werkingsmechanisme
van deze effecten ook minder groot is.
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DEEL 3

De effecten van methylfenidaat op feedback leren en het profiteren van beloning
Met de derde deelvraag beoogden we de effecten van methylfenidaat op twee aspecten
van bekrachtigingsleren in ADHD in kaart te brengen: allereerst keken we naar de
effecten van methylfenidaat op feedback leren (hoofdstuk 5) en ten tweede onderzochten
we of methylfenidaat invloed had op de mate waarin kinderen met ADHD konden
profiteren van feedback (in dit geval in combinatie met een beloning) bij een rekentaak
(hoofdstuk 6). Ook voor deze studies werd gebruik gemaakt van de data van de eerder
beschreven gerandomiseerde dubbel-blind placebo-gecontroleerde crossover studie
waarin 63 kinderen met ADHD werden vergeleken met 67 regulier ontwikkelende
kinderen.
Om de effecten van methylfenidaat op leren van feedback te onderzoeken, gebruikten
we een kindversie van een associatieve leertaak: deze taak startte met een leerfase
waarin stimulus-beloning associaties werden aangeleerd en werd gevolgd door een
test-fase waarin de aangeleerde kennis moest worden toegepast op nieuwe
stimulusparen. De taak eindigde met een zogenaamde omkeer-fase waarin eerder
beloonde associaties werden bestraft en andersom. Met behulp van deze taak werden
de effecten gemeten van ADHD diagnose en van behandeling met methylfenidaat op
het aanleren van nieuwe associaties, het generaliseren van aangeleerde kennis naar een
nieuwe context en het kunnen aanpassen van gedrag aan veranderde bekrachtiging.
De resultaten suggereren dat kinderen met ADHD geen problemen hebben met het
aanleren van nieuwe associaties en met het aanpassen van hun gedrag wanneer eerder
beloonde associaties worden bestraft en andersom. Kinderen met ADHD hadden wel
meer moeite dan kinderen in de controlegroep met het generaliseren van eerder
aangeleerde kennis naar nieuwe stimulusparen. Behandeling met methylfenidaat zorgde
voor een verbetering in het aanleren van nieuwe associaties en er was een trend effect
van methylfenidaat op het generaliseren van kennis. Wanneer zij behandeld werden
met methylfenidaat, konden kinderen met ADHD even goed hun eerder aangeleerde
kennis generaliseren als kinderen zonder ADHD. Concluderend kan worden gesteld
dat kinderen met ADHD nieuwe associaties zonder veel problemen aanleren, maar
dat zij moeite hebben om deze kennis in nieuwe situaties toe te passen. Hoewel uit ons
onderzoek blijkt dat methylfenidaat hier positieve effecten op kan hebben, is meer
onderzoek nodig om dit te bevestigen.
In hoofdstuk 6 werden de effecten van beloning en methylfenidaat op rekenprestaties
met elkaar vergeleken en werd in het bijzonder gekeken of kinderen met ADHD meer
profiteerden van beloning wanneer zij behandeld werden met methylfenidaat. Om dit
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te onderzoeken, ontwikkelden we een nieuwe rekentaak waarbij kinderen optelsommen
moesten oplossen welke steeds moeilijker werden. Het niveau van de sommen werd
aangepast aan de prestaties van het kind en prestatie was gekoppeld aan ofwel beloonde
feedback (motivatie conditie: een lachende smiley; het geluid van applaus; +1 punt
welke kon worden ingewisseld voor stickers) ofwel geen feedback (neutrale conditie).
Het uiteindelijk bereikte niveau was de afhankelijke variabele. De resultaten van deze
studie tonen aan dat kinderen beter presteerden wanneer zij beloond werden voor
goede prestaties, en dat hierin geen verschil was tussen kinderen met ADHD en
kinderen zonder ADHD. De effecten van methylfenidaat en beloonde feedback op
rekenprestaties waren optelbaar, er was dus geen sprake van een interactie tussen de
effecten van methylfenidaat en beloning. Overeenkomend met de resultaten van onze
meta-analyse en hoofdstuk 3, bleken kinderen met ADHD minder goed te presteren
op de rekentaak dan kinderen in de controlegroep. Beide groepen profiteerden echter
evenveel van de motivatieconditie. Deze resultaten benadrukken het belang van het
gebruik van motivationele strategieën zoals positieve feedback en kleine beloningen
om schoolprestaties van kinderen met en zonder ADHD te verbeteren.
Klinische implicaties en aanwijzingen voor vervolgonderzoek
Aangezien verbetering van de schoolprestaties regelmatig een belangrijk behandeldoel
is bij kinderen met ADHD (Wright et al., 2015) is het belangrijk om helder naar ouders,
leerkrachten en behandelaren te communiceren over de beperkte en zeer specifieke
effecten van deze behandeling op schoolprestaties. Hierbij dient ook rekening gehouden
te worden met individuele verschillen tussen kinderen, mede omdat onze resultaten
suggereren dat de effecten van methylfenidaat op bepaalde schoolprestaties (rekenen)
groter zijn voor specifieke groepen kinderen (kinderen die benedengemiddeld rekenen
of kinderen met een grotere gedragsmatige respons op methylfenidaat). Gezien de zeer
specifieke effecten van methylfenidaat op schoolprestaties is het belangrijk dat
toekomstig onderzoek hiernaar onderscheid maakt tussen productiviteit en accuratesse
alsmede tussen de verschillende schoolvakken.
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Tabel 7.1 Overzicht van de doelen van dit proefschrift en de bijbehorende hoofdbevindingen
Doel

Hoofdbevindingen

• Methylfenidaat heeft kleine tot middelgrote positieve
Doel 1
Het kwantificeren van de effecten van
effecten op de accuratesse en productiviteit van
methylfenidaat op schoolprestaties in termen van
rekenen (hoofdstuk 2, 3 en 6) en op leessnelheid
productiviteit (de proportie gemaakte opgaven) en
(hoofdstuk 2)
accuratesse (de proportie correct gemaakte • Methylfenidaat heeft geen effect op de accuratesse van
opgaven), waarbij onderscheid werd gemaakt
lezen en spelling (hoofdstuk 2 en 3)
tussen de verschillende basisschoolvakken • Over het algemeen zijn de effecten van
(rekenen, lezen en spellen)
methylfenidaat op schoolprestaties klein ten opzichte
van effecten op gedrag en zijn de effecten beperkt tot
rekenen (hoofdstuk 2 en 3)
• Kinderen met ADHD hebben cognitieve problemen
Doel 2
Het blootleggen van het werkingsmechanisme van
(visuospatieel werkgeheugen en variabiliteit in
methylfenidaat op schoolprestaties, daarbij
aandacht) en zijn intrinsiek minder gemotiveerd voor
onderscheid makend tussen effecten van
rekenen (hoofdstuk 4)
methylfenidaat op de productiviteit en accuratesse • Methylfenidaat heeft grote effecten op ADHD
van rekenen, lezen en spellen
symptomen (hoofdstuk 3)
• Methylfenidaat heeft geen effecten op cognitie en
motivatie (hoofdstuk 4)
• Het enige bewijs voor mediërende variabelen die het
effect van methylfenidaat op schooprestaties
beïnvloeden, komt van verbeteringen in ADHD
symptomen (volgens de ouders) en toenames in het
beeld dat kinderen volgens hun ouders van hun eigen
bekwaamheid hebben. Deze effecten zijn specifiek voor
de effecten van methylfenidaat op rekenen
(hoofdstukken 3 en 4)
• Bewijs voor modererende variabelen die de effecten
van methylfenidaat op schoolprestaties beïnvloeden is
beperkt tot rekenen: Kinderen met benedengemiddelde
rekenprestaties hebben meer profijt van behandeling
met methylfenidaat dan kinderen met
bovengemiddelde rekenprestaties (hoofdstuk 3)
• Kinderen met ADHD zijn even goed in staat om
Doel 3
Het kwantificeren van de effecten van
nieuwe stimulus-respons associaties aan te leren als
methylfenidaat op feedback leren van kinderen met
controlekinderen (hoofdstuk 5)
ADHD en de interactie tussen de effecten van • Kinderen met ADHD hebben moeite om eerder
methylfenidaat en beloning op rekenen
aangeleerde kennis toe te passen op nieuwe
stimulusparen (hoofdstuk 5)
• Behandeling met methylfenidaat verbetert het aanleren
van nieuwe stimulus-respons associaties en toont
potentie om het generaliseren van kennis te verbeteren
(hoofdstuk 5)
• De ouders van kinderen met ADHD rapporteren
andere reacties van hun kinderen op beloning en straf
dan ouders van kinderen zonder ADHD (hoofdstuk 4)
• Kinderen met ADHD en controlekinderen profiteren
even veel van beloning en positieve feedback en dit
resulteert in betere rekenprestaties (hoofdstuk 6)
• Methylfenidaat heeft geen invloed op de mate waarin
kinderen met ADHD profiteren van beloning en
positieve feedback bij een rekentaak (hoofdstuk 6)
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