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Introduction: Behavioral Parent Training (BPT) is often provided for childhood psychiatric
disorders. These disorders have been shown to be associated with working memory
impairments. BPT is based on operant learning principles, yet how operant principles
shape behavior (through the partial reinforcement (PRF) extinction effect, i.e., greater
resistance to extinction that is created when behavior is reinforced partially rather than
continuously) and the potential role of working memory therein is scarcely studied in
children. This study explored the PRF extinction effect and the role of working memory
therein using experimental tasks in typically developing children.
Methods: Ninety-seven children (age 6–10) completed a working memory task and an
operant learning task, in which children acquired a response-sequence rule under either
continuous or PRF (120 trials), followed by an extinction phase (80 trials). Data of 88
children were used for analysis.
Results: The PRF extinction effect was confirmed: We observed slower acquisition
and extinction in the PRF condition as compared to the continuous reinforcement (CRF)
condition. Working memory was negatively related to acquisition but not extinction
performance.
Conclusion: Both reinforcement contingencies and working memory relate to
acquisition performance. Potential implications for BPT are that decreasing working
memory load may enhance the chance of optimally learning through reinforcement.
Keywords: BPT, PREE, working memory, acquisition, extinction

INTRODUCTION
For childhood externalizing behavior various forms of behavioral parent training (BPT) have
been established as first-line, evidence-based treatment (e.g., Chorpita et al., 2002; Evans
et al., 2014). These interventions, which are generally developed to improve the parent-child
relationships and reduce the child’s misbehavior, are mainly based on behavior management
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The PREE appears robust and replicable in animals (e.g.,
Lilliquist et al., 1999; Rescorla, 1999; Sangha et al., 2002; Gómez
et al., 2008). Moreover, although human performance to specific
experimental variables is not always consistent with animal study
results, research suggests that humans and animals respond
mostly in the same way to PRF (Pittenger et al., 1988; Pittenger,
2002). Research on the PREE in humans is largely limited to
adults; research in children is scarce and methodologically very
diverse. Findings in adults cannot necessarily be transposed
to children and the few existing studies in children are hard
to compare due to methodological differences (e.g., Bijou,
1957; Miyao and Meyers, 1973; Pittenger, 2002; Svartdal,
2003). Additionally, studies investigating the PREE have mainly
explored the effects of partial vs. CRF on response extinction
and not the differential effect of CRF and PRF on acquisition
performance.
Studies of operant learning under PRF in adult humans have
yielded divergent results. Some studies found no differential
effect of CRF and PRF on acquisition performance, whereas
other studies found PRF to interfere with the acquisition of an
operant response, effectively preventing learning (e.g., Pittenger
and Pavlik, 1988; Svartdal, 2003). A possible explanation for
these divergent results is that human operant learning relies on
executive functions (EFs) such as working memory (Capaldi,
1994; Collins and Frank, 2012). Working memory, defined as
a limited capacity system allowing to temporarily hold and
manipulate information “on-line” (Baddeley and Della Sala,
1996), is crucially involved in response acquisition, even in
simple learning tasks. Collins and Frank (2012) demonstrated
that learning was slower when the task implied a greater WM
load, although only minimal differences in end-level performance
were found. Powell et al. (2005) hypothesized that WM capacity
is needed to carry the memory trace across unreinforced trials
so that learning can take place. Especially PRF may place severe
constraints on working memory and the larger the cognitive
demands, the less likely it is that conditioning will occur (McKell
Carter et al., 2002; Powell et al., 2005).
As BPT is often used for various childhood disorders (e.g.,
ADHD, autism, disruptive behavior disorders) in which WM
capacity is assumed to be impaired (Martinussen et al., 2005;
Barch and Ceaser, 2012; Barendse et al., 2013; Saarinen et al.,
2015), it is vital to know to what extent WM deficits relate
to the capacity for learning through reinforcement in children.
Moreover, given the importance of PRF for the acquisition of
behavioral persistence and the fact that PRF is a more feasible
model for everyday parental reinforcement than CRF, it is
important to evaluate whether possible WM-related deficits in
learning trough reinforcement might be exacerbated under PRF.
In summary, BPT, often used to handle childhood disorders
associated with working memory problems, is based on operant
learning principles. Despite the strong theoretical underpinnings,
the translation from theory to discrete parenting techniques
seems to be based on expert clinical judgment and is rarely tested
empirically in children (Leijten et al., 2015). Furthermore, studies
investigating PREE are mainly interested in response extinction
and do not focus on the effect of PRF vs. CRF on response
acquisition nor do they explore the role of WM. Given that in

principles derived from social learning theory and principles
of operant learning (Zwi et al., 2011; Furlong et al., 2012).
While different BPT programs have been developed, they
all share common characteristics (Kazdin, 1997; Mash and
Johnston, 2008). The underlying idea is that the child’s behavior
is influenced by its antecedents and consequences and that
parents can learn to effectively modify these antecedents
and consequences (Kazdin, 1997). By giving clear directions,
positively reinforcing appropriate behavior and/or punishing
inappropriate/unwanted behavior, parents can maximize the
child’s compliance and minimize disruptive behavior (Mash and
Johnston, 2008; Zwi et al., 2011). Although most BPT programs
are moderately efficacious as a package (Weisz and Kazdin,
2010), more research is needed on the individual and relative
efficacy of distinct components of these training programs
(Kaminski et al., 2008; Leijten et al., 2015). Moreover, some of the
fundamental principles of BPT interventions have hardly been
studied experimentally through basic operant learning paradigms
in children. Yet enhanced experimental knowledge may give
valuable information for treatment development and adaptation
(Emmelkamp et al., 2014).
BPT programs emphasize the importance of positive
and contingent reinforcement to reduce disruptive behavior
in children (Leijten et al., 2015). A relevant but relatively
unexplored phenomenon in children in this context is the
Partial Reinforcement Extinction Effect (PREE; Skinner, 1938;
Humphreys, 1939). The PREE is a paradoxical reward effect
that illustrates how subtle features of reinforcement schedules
can influence the acquisition and persistence of instrumental
behavior. In operant conditioning, different schedules of
reinforcement can be used. A schedule of continuous
reinforcement (CRF) involves a 100% contingency between
behavior and reinforce: Every correct response is reinforced. A
schedule of partial reinforcement (PRF) involves a contingency
of less than 100% between behavior and reinforcer. The PREE
pertains to the observation that the schedule of reinforcement
that was in operation when a behavior was acquired will critically
determine the subsequent persistence of that behavior under
extinction (i.e., when reinforcement is no longer provided;
Domjan and Burkhard, 1993; Shangha et al., 2002). When
behavior is reinforced partially or intermittently rather than
continuously during acquisition, extinction occurs much more
slowly once reinforcement is ceased, implying that a higher
level of behavioral persistence has been created (Pittenger, 2002;
Domjan, 2005). Moreover, research in animals and human adults
suggests that repeated experience with PRF of desired behavior
can lead to generalized behavioral persistence in the face of
setbacks, adversity and lack of (further) reinforcement (e.g.,
McCuller et al., 1976; Boyagian and Nation, 1981; for a review
see Amsel, 1992).
Abbreviations: BPT, behavioral parent training; CBCL 6-18, Child Behavior
Checklist for ages 6–18; CRF, continuous reinforcement; DSM-IV-TR, Diagnostic
and Statistical Manual of Mental Disorders (4th ed., text rev.); EFs, Executive
functions; FSIQ, full scale IQ; IQ, intelligence quotient; PBS, Parental Behavior
Scale; PREE, partial reinforcement extinction effect; PRF, partial reinforcement;
SSRT, stop signal reaction time; WISC-III-NL, Wechsler Intelligence Scale for
Children; WM, working memory.
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Behavior Checklist for ages 6–18 (CBCL 6–18; Achenbach and
Rescorla, 2001; Dutch version: Verhulst et al., 1996; see Table 2).
The CBCL was administered to assess general level of behavioral
and emotional problems and to check whether groups were
comparable on these variables.

daily life, reacting to the behavior of a child in a contingent and
consistent way is the exception rather than the rule, we want
to take a closer look at the difference between PRF and CRF in
shaping the acquisition of behavior and at the role of WM therein.
In this study, children aged 6–10 years old (the typical age
range for which BPT is provided) performed an operant learning
task, in which a response-sequence rule had to be acquired based
on feedback (CRF or PRF), followed by an extinction phase.
Afterwards, their visuospatial WM was assessed. We investigated
the influence of different reinforcement contingencies (CRF and
PRF) on response acquisition and extinction. We hypothesized
that acquisition would proceed faster under CRF than under
PRF (hypothesis 1) but that behavior would persist longer in
extinction after PRF than CRF (hypothesis 2). We also evaluated
how WM capacity relates to those processes. As the interval
between reinforcement is larger in PRF and a hypothetical
response-sequence rule has to be kept in mind longer in PRF
(thus putting more load on WM), we expected learning under
PRF to correlate more strongly with WM capacity than learning
under CRF (hypothesis 3). Although animal studies suggest
that the same higher-level brain functions may be involved in
extinction and WM (Callaerts-Vegh et al., 2006), no studies have
specifically investigated the role of WM in extinction learning.
Therefore, no specific hypotheses were formulated concerning
the relation between WM capacity and extinction after PRF or
CRF.

Procedure
The study procedure and materials used were approved by
the Ethical Committee of the Faculty of Psychology and
Educational Sciences of the KU Leuven. Prior to testing, parents
filled out an informed consent form and three questionnaires
(i.e., the CBCL 6–18 and two other questionnaires that were
administered for another study). The children were then tested
individually in a laboratory setting. A learning task, a WM
task and an inhibition task were administered. The inhibition
task (stop-signal paradigm; Logan, 1994) was administered for
purposes unrelated to the present study. The test sessions always
started with the learning task to avoid carry-over effects of
the other tasks on performance (e.g., strategy use). After the

TABLE 1 | Means and standard deviations of group demographics and
characteristics.
Measure

PRF group

(n = 39)

(n = 48)

M

METHOD
Participants
Ninety-seven children (43 boys, 54 girls) in the age range
from 6 to 10 years participated. Children were recruited
through elementary schools and youth movements. Eligibility
was determined by the following criteria: (a) absence of any
parent-reported diagnosis, as classified by the fourth edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSMIV-TR; American Psychiatric Association, 2000), (b) absence
of any neurological disorder, sensory or motor impairment, as
reported by the parents, (c) not taking any medication that could
cause behavioral changes and/or influence attention, and (d) a
total IQ score ≥ 80, to ensure that all children had the intellectual
capacities to understand the tasks and to make sure that
WM performance and learning performance were not mainly
influenced by general cognitive capacities. IQ was estimated
using the short version of the Dutch Wechsler Intelligence Scale
for Children (WISC-III-NL; Kort et al., 2002). Full Scale IQ
(FSIQ) was estimated based on the subtests Vocabulary and
Block Design. The combined score of these two subtests has
a satisfactory reliability (r = 0.91) and correlates highly with
FSIQ (r = 0.86; Sattler, 2001). A total of 88 children (42 boys,
46 girls) met the inclusion criteria. One child did not want to
proceed during the operant learning task and dropped out during
testing, leaving a final sample of 87 children (42 boys, 45 girls;
48.3% male). All participants were Caucasian. Randomization
to the PRF or CRF condition was stratified on age and gender.
CRF and PRF groups did not differ with respect to age, gender,
FSIQ, WM performance (see Table 1) and scores on the Child
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CRF group

SD

M

F/χ²

p

SD

Gender (M:F)

18:21

–

24:24

–

0.013

0.721

Age in years

8.58

1.47

8.56

1.45

0.03

0.956

104.74

15.93

108.02

21.08

0.64

0.425

4.80

0.99

4.96

1.03

0.54

0.46

Estimated FSIQ
WM performance

CRF, continuous reinforcement; PRF, partial reinforcement; FSIQ, full scale IQ; M:F, male:
female; WM performance, working memory performance.

TABLE 2 | Means and standard deviations for subscales of the Child Behavioral
Checklist (mother report).
Measure

CRF group

PRF group

(n = 39)

(n = 48)

M

SD

M

F

p

SD

Withdrawn/depressed

0.46

0.72

0.65

1.04

0.44

0.51

Anxious/depressed

2.28

2.50

1.92

2.59

0.88

0.35

Somatic complaints

0.95

1.38

0.96

1.09

0.001

0.97

Aggressive behavior

3.13

4.90

2.31

2.83

0.95

0.33

Rule-breaking behavior

1.15

1.63

0.65

0.96

3.28

0.07

Thought problems

1.59

2.04

1.69

2.10

0.048

0.83

Attention problems

1.92

2.49

2.50

2.67

1.07

0.31

Social problems

1.36

2.15

1.15

2.04

0.22

0.64

Other problems

2.31

2.20

2.15

2.38

0.11

0.75

Internalizing problem cluster

3.69

3.76

3.52

3.91

0.034

0.84

Externalizing problem cluster

4.28

6.35

2.96

3.46

1.53

0.22

15.33

15.37

13.96

12.62

0.21

0.35

Total problem scale

CRF, continuous reinforcement; PRF, partial reinforcement.
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reinforcement for correct responding) or PRF condition (i.e.,
60% probability of reinforcement for correct responding). So,
in the 120 trials of the acquisition phase, children in the
CRF condition always earned a coin when giving a correct
response, whereas children in the PRF condition earned a coin
for 60% of their correct responses only (i.e., 6 randomly delivered
reinforcements per 10 correct responses). In the 80 trials of the
extinction phase, feedback was ceased. At the end of the task, the
total number of coins appeared on the screen. The percentage of
correct responses during the acquisition phase and the extinction
phase was the primary dependent measure.

learning task, a 15 min break was inserted in which the child
had a drink and played in a designated play-area, to avoid
potential fatigue. Subsequently, the WM and inhibition task were
administered in counterbalanced order1 . Finally, the IQ subtests
were administered. Participants received a small gift at the end of
the session.

Tasks and Questionnaires
Operant Learning Task
The operant learning task was a newly developed task, based on
a learning task of Svartdal (2003). Participants were instructed
to learn and apply a response-sequence rule based on feedback
when responding correctly. Two stimuli were used, a picture of
a moon and a sun. These were always presented at the left and
right side of the computer screen, respectively. To signal the
start of a trial, an orange version of the moon and sun were
presented simultaneously on the computer screen, which flashed
two times for 600 ms. After a 1,000 ms pause, a green version of
the moon and sun were presented one by one, each lasting for
500 ms, accompanied by a 1,000 Hz tone and with a 500 ms pause
in between. After another 700 ms pause, the child’s first response
was prompted by a 1,000 Hz tone, followed by the second
response prompt after a 500 ms pause. The maximum time to
respond was 3,000 ms after each prompt (for a visual presentation
of the task, see Figure 1). Participants had to respond by means
of two marked buttons on the keyboard (i.e., moon left and sun
right).
The response-outcome contingency was always related to
the position of the stimuli presented: participants responded
correctly when they reversed the sequence of the two computer
stimuli within the same trial. For example, when the sun (right)
appeared first on the screen, followed by the moon (left), the
correct response was to press the moon button first (left),
followed by the sun button (right). The four different stimulus
combinations [i.e., (1) sun (2) sun; (1) sun (2) moon; (1)
moon (2) moon; (1) moon (2) sun] were presented at random.
Each combination was presented equally often (i.e., 30 times
in the acquisition phase and 20 times in the extinction phase).
Correct sequences were followed by feedback dependent on
the reinforcement condition. Feedback for correct responding
consisted of a coin, which appeared in the middle of the screen
for 900 ms, followed by the sound of falling coins for 600 ms and
a treasure chest displaying the total amount of coins earned so far.
Participants were instructed to obtain as many feedback messages
(i.e., coins) as possible (instructions in Appendix).
To familiarize the children with the task, the experimenter
first demonstrated the task for 10 trials, after which the
child performed 16 practice trials during which no feedback
was provided. Participants were randomly assigned (between
subjects) to the CRF condition (i.e., 100% probability of

The Chessboard Working Memory Task is a visuospatial
working memory task (Dovis et al., 2012) and is based
on the Corsi Block Tapping Task (Corsi, 1972) and the
subtest Letter-Number Sequencing from the Wechsler Adult
Intelligence Scale (Wechsler, 1958). It assesses the ability to
hold and manipulate/reproduce visuospatial information and
is individually adapted to performance during the task to test
the child’s optimal working memory performance (Dovis et al.,
2012).
A 4 × 4 grid consisting of green and blue squares (stimuli) in
a chessboard formation was presented. A number of squares then
lighted up in sequence for 900 ms each, accompanied by a brief
tone presented through headphones and separated by an interstimulus-interval of 500 ms. After the sequence was presented,
the participant had to reorganize the sequence by mouse-clicking
on the squares in the following way: the green stimuli had to be
reproduced before reproducing the blue stimuli, each in the same
sequence as they were presented. To ensure that every presented
sequence had to be reorganized, the order of the stimuli was
randomized with the restriction of presenting at least one blue
stimulus before the last green stimulus in every sequence.
The difficulty of the task was adapted to the performance
of the child. The minimum sequence length consisted of two
stimuli. After two successive correct reproductions, the sequence
was lengthened with one stimulus. After two successive incorrect
reproductions, the sequence was reduced with one stimulus.
As the task was individually adapted, the amount of positive
and negative feedback was approximately the same for each
participant (55% positive, 45% negative feedback). After each
trial, feedback was given both in case of correct responding (i.e.,
a green curl and a positive guitar sound) and in case of incorrect
responding (i.e., a red cross and a negative buzzer sound).
The task started with a practice block (5 trials) followed by
an experimental block (30 trials) and took about 20 min. WM
performance was measured by the mean sequence length on the
last 18 trials, as the first 12 trials of the task are needed to reach
the child’s optimal difficulty level (Dovis et al., 2012).

1 There

Child Behavior Checklist for Ages 6–18 (CBCL 6–18)

Working Memory Task

was no significant difference in WM performance between children who
completed the WM task before the inhibition task and the children who completed
the inhibition task before the WM task. Additionally, there was no main effect of
the order of those tasks on acquisition or extinction performance, nor was there
an interaction between their order and reinforcement condition on acquisition or
extinction performance (data available from corresponding author). Results from
the inhibition task will not be presented.

Frontiers in Psychology | www.frontiersin.org

The Child Behavior Checklist for ages 6–18 (Achenbach and
Rescorla, 2001; Dutch Version: Verhulst et al., 1996) is a
standardized parent-rated questionnaire measuring internalizing
and externalizing problems of children. The questionnaire has
adequate reliability and validity (Achenbach and Rescorla, 2001).
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FIGURE 1 | Example trial of the learning task. (A) Two orange stimuli simultaneously flash twice, indicating the start of a new trial. (B) Two green stimuli appear. In this
example, the moon appears first. When the moon has disappeared, the sun appears on the screen. (C) A first tone prompts a first response, followed by the second
tone prompting a second response. Correct responding occurs when the stimulus sequence is reversed. In this example, a correct response is given when the
participant presses the sun button (right) after the first prompt and the moon button (left) after the second prompt. (D) Upon responding correctly, CRF participants
always received reinforcement; PRF participants received reinforcement on 60% of correct trials.

(CRF, PRF) as between-subject factor and the percentage of
correct responses during the acquisition phase as dependent
variable. To probe whether WM was related to response
acquisition (hypothesis 3), a repeated-measures ANCOVA
was performed with reinforcement condition (CRF, PRF) as
between-subject factor, WM performance as covariate and the
percentage of correct responses during acquisition as dependent
variable.
Analyses of the extinction data were similar to those of the
acquisition data, be it that terminal acquisition performance
(i.e., the percentage of correct responses over the last three
trial blocks of acquisition) was included as a covariate in the
extinction analysis to control for differences in asymptotic
acquisition performance. Thus, to assess the influence of different
reinforcement contingencies on extinction (hypothesis 2), an
ANCOVA was performed with reinforcement condition (CRF,
PRF) as between-subject factor, end level of acquisition as
covariate, and the percentage of correct responses during
extinction as dependent variable. To check whether WM was
associated with extinction performance, an ANCOVA was

One hundred thirteen questions are rated on a 3-point Likert
scale, measuring eight symptom subscales of internalizing and
externalizing behavior.

DATA ANALYSIS
First, it was tested whether participants produced more correct
responses during acquisition than extinction and whether there
was a difference between reinforcement conditions in this
ratio (indicative of a PREE), through two repeated-measures
ANOVAs. In the first analysis, the percentage of correct responses
was analyzed using reinforcement condition (CRF/PRF) as
between-subject factor and phase (acquisition vs. extinction) as
within-subject factor. In a second analysis, the number of correct
responses per block of 10 trials was evaluated with reinforcement
condition (CRF/PRF) as between-subject factor and trial block
(1–20) as within-subject factor.
To evaluate the influence of different reinforcement
contingencies on response acquisition separately (hypothesis 1),
an ANOVA was then conducted with reinforcement condition

Frontiers in Psychology | www.frontiersin.org

5

March 2018 | Volume 9 | Article 394

Segers et al.

Working Memory and Reinforcement Learning in Children

conducted with reinforcement condition (CRF, PRF) as betweensubject factor, WM performance and terminal acquisition
performance as covariates, and percentage of correct responses
in extinction as dependent variable.
Estimated effect sizes are reported for all analyses (partial η²);
η²p = 0.01 is regarded a small, 0.06 a medium, and 0.14 a large
effect size (Kittler et al., 2007).

RESULTS
To test whether a PREE was obtained, a 2 × 2 (Phase
× Reinforcement Condition) repeated-measures ANOVA was
conducted on the percentage of correct responses. This analysis
showed a significant main effect for phase, F (1, 85) = 50.23,
p < 0.001, ηp 2 = 0.37. As expected, the percentage of rulebased responses was significantly higher during the acquisition
phase (M = 69.80, SD = 20.52) compared to the extinction
phase (M = 55.36, SD = 20.77). Furthermore, a significant
interaction effect was found, F (1, 85) = 14.60, p < 0.001,
ηp 2 = 0.15. As expected, compared to partially reinforced
children, continuously reinforced children produced a higher
percentage of correct responses during the acquisition phase
(CRF: M = 74.85, SD = 20.06; PRF: M = 65.69, SD =
20.17) and a lower percentage during the extinction phase
(CRF: M = 51.31, SD = 20.22; PRF: M = 58.65, SD =
20.83). Additionally, a 20 × 2 (Trial Block × Reinforcement
Condition) repeated-measures ANOVA showed a significant
linear, F (1, 85) = 9.04, p = 0.003, ηp 2 = 0.096, quadratic,
F (1, 85) = 174.91, p < 0.001, ηp 2 = 0.67, and cubic, F (1, 85) =
52.35, p < 0.001, ηp 2 = 0.38, main effect for trial block and
a cubic interaction effect, F (1, 85) = 14.02, p < 0.001, ηp 2 =
0.14, implying that continuously reinforced children learned the
response-sequence rule faster during acquisition and showed
faster extinction of this previously learned rule during extinction
than partially reinforced children (Figure 2), confirming the
PREE.

FIGURE 2 | Acquisition and extinction of the response over trial blocks in the
CRF and PRF conditions.

Summarized, results show that continuously reinforced
children acquired the response-sequence rule faster than partially
reinforced children and that, independent of reinforcement
condition, WM capacity was positively related to learning
performance.

Acquisition

Extinction

An ANOVA on the acquisition phase separately confirmed that
children in the CRF group had a higher percentage of correct
responses during acquisition than those in the PRF group, F (1, 85)
= 4.46, p = 0.038, ηp 2 = 0.050.
Analysis of covariance (with working memory as covariate)
on the percentage of correct responses showed that not only
the reinforcement condition, F (1, 84) = 6.20, p = 0.015, ηp 2 =
0.069 (more correct responses under CRF than under PRF),
but also WM capacity, F (1, 84) = 11.08, p = 0.001, ηp 2 = 0.12,
related to response acquisition (lower WM predicted less correct
responses). Additional post-hoc correlational analysis suggested
that the correlation between working memory performance
and the percentage of correct responses in acquisition was
significant in the CRF group but not in the PRF group
[CRF: r(39) = 0.59, p < 0.001; PRF: r(48) = 0.34, p = 0.28].
However, a Fisher r-to-z transformation showed no significant
difference between those two correlation coefficients (z = 1.45,
p = 0.147).

Frontiers in Psychology | www.frontiersin.org

An ANCOVA (controlling for terminal acquisition performance)
on the percentage of correct responses in the extinction phase
showed significant effects of reinforcement condition, F (1, 84)
= 7.45, p = 0.008, ηp 2 = 0.082 (lower percentage of correct
responses in extinction after CRF than PRF), and performance
in the last 3 blocks of acquisition, F (1, 84) = 27.67, p < 0.001, ηp 2
= 0.25 (higher terminal acquisition performance was associated
with higher percentage of correct responses during extinction)
(hypothesis 2). Analysis of covariance with WM and terminal
acquisition performance as covariates showed a significant effects
of reinforcement condition, F (1, 83) = 6.84, p = 0.011, ηp 2 =
0.076, and terminal acquisition performance, F (1, 83) = 23.54, p
< 0.001, ηp 2 = 0.22, but no effect of WM, F (1, 83) = 0.42, p =
0.52, ηp 2 = 0.005.
Summarized, results show that extinction of the responsesequence rule took place faster after CRF than after PRF. WM
was not related to the speed or extent of extinction.
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all, see Chorpita and Daleiden, 2009) antecedent techniques
are first implemented, aimed at unburdening working memory,
before implementing operant techniques. Our results support the
implicit tenets of these BPTs, as the release of working memory
resources should increase the chance of optimally learning
through reinforcement and decrease the possible influence of
working memory deficits. However, given that clinical samples
are quite heterogeneous with regards to WM capacity (Dovis
et al., 2015), assessment and tailoring of BPT toward individual
WM performance may be essential. Also, as our study suggests
that individual differences in WM capacity may be associated
with the response to BPT, this neurocognitive factor may be
a more proximal and mechanistically relevant candidate to
explore in moderation research of BPT then the more distal
environmental moderators (e.g., SES) that are typically explored
(e.g., Matthys et al., 2012).
A second implication is related to the persistence of new,
desirable behavior in children. Our results suggest that children
learn new behavior faster and more strongly under CRF than
PRF. However, in daily life, behaving in a contingent and
consistent way toward a child (i.e., reinforcing every instance of
desired behavior) is the exception rather than the rule (Catania,
2013). Moreover, our extinction findings suggest that in order
to create behavioral persistence, PRF is to be preferred over
CRF. This represents somewhat of a paradox: The most feasible
parental reinforcement method, which is also likely to yield
the strongest persistence of desired behavior, is actually least
suited for the acquisition of desired behavior. One way out for
this conundrum may be a strategy of stretching the ratios when
shaping desired new ways of behaving. The general idea here is
to initially reinforce the child continuously when behaving in a
correct way (i.e., emitting a desired response; CRF) and to then
very gradually reduce the rate of reinforcement (PRF) (Skinner,
1968). Animal research suggests that this strategy can promote
behavioral persistence of appropriate behavior to a similar extent
as immediate PRF. Sangha et al. (2002) explored the effect of
different contingency patterns on the ability to learn in snails.
Their study showed that when CRF was followed by PRF,
memory was resistant to extinction. Most BPT programs stress
the importance of CRF in order to attain robust behavior change,
and although some programs include stretching the ratios not
all programs include this technique (Chorpita and Daleiden,
2009). Supplementing a CRF strategy with a gradual spacing
out of reinforcement after the observation of initial behavior
change might prove more effective in ensuring that behavior
change persists. We should note, however, that our study did
not include measures of frustration during PRF or extinction and
that it was not conducted in a clinical sample. Following Amsel’s
frustration theory, especially in more clinical samples (where
emotional dysregulation and irritability is generally higher, e.g.,
Brotman et al., 2017), the frustration experienced during PRF
and extinction may interfere with the emergence of behavioral
persistence (Nation and Woods, 1980; Amsel, 1992). As such,
to determine the potential of stretching the ratios to enhance
behavioral persistence after initial CRF, future research should
test our procedure in clinical samples and include a stretching
the ratios condition and measures of frustration.

The purpose of this study was to investigate the differential
effect of CRF and PRF on response acquisition and extinction
and to evaluate whether WM is implicated in simple operant
learning performance. Most of our predictions were confirmed.
As predicted (based on studies in animals and human adults;
Sangha et al., 2002; Svartdal, 2003), continuously reinforced
children produced a higher rate of correct responses during
acquisition than partially reinforced children and reached higher
terminal levels of correct responding (hypothesis 1).
As several studies showed that human operant learning
involves WM and on the basis of the idea that PRF places
stronger demands on WM, we hypothesized that WM plays
a role in response acquisition in general and that PRF loads
more on WM than CRF when acquiring new behavior because
reinforcement contingencies have to be bridged over a longer
time period in PRF (Capaldi, 1994; Collins and Frank, 2012).
Our results showed that WM capacity was positively associated
with acquisition performance, independent of the reinforcement
condition (hypothesis 3). This mirrors other studies that show
WM involvement in associative learning, even in simple learning
tasks (McKell Carter et al., 2002; Powell et al., 2005). Contrary to
our prediction, WM was not associated more strongly with PRF
learning than with CRF learning.
In line with the consistent observation of a PREE in animals
and human adults (e.g., Pittenger et al., 1988; Lilliquist et al.,
1999; Rescorla, 1999; Pittenger, 2002; Sangha et al., 2002; Gómez
et al., 2008), we predicted that previously partially reinforced
children would persist longer during extinction compared to
previously continuously reinforced children (hypothesis 2). This
hypothesis was confirmed in our results; the decline of previously
reinforced responding occurred faster under CRF than PRF,
suggesting a greater level of behavioral persistence when behavior
is reinforced intermittently rather than consistently. Results
showed no association between WM capacity and extinction
performance. Extinction seemed to be determined mainly by
the reinforcement schedule in place during acquisition (CRF vs.
PRF), independent of WM capacity.
From these results, two potential clinical implications can be
derived. A first implication has to do with the finding that not
only the contingency of reinforcement but also WM capacity is
critically associated with the capacity to acquire new behavior.
BPT, which is based on operant learning principles, is often used
for various childhood disorders in which WM is assumed as
an underlying cognitive deficit. Pending conformation that our
task paradigm has ecological validity for children’s responding to
operant contingencies provided by parents in daily life and that
the relations observed here can be generalized to clinical samples,
our results tentatively suggest that the children at which BPT
is directed are exactly the ones that may be least susceptible to
BPT interventions, because their WM deficits could place them
at a disadvantage for learning through reinforcement. Perhaps
then, those WM deficits could also be a target for intervention.
One way to potentially enhance the effectiveness of BPT for
those populations may be to first improve WM performance
through decreasing WM load. In some BPT programs (but not
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determined only by whether children received PRF or CRF
during acquisition and unrelated to WM capacity. This study
is one of the first to investigate the effect of CRF and
PRF on response acquisition and extinction in children; more
studies are needed both in typically developing children and
critically also in children with mental health problems to
clarify reinforcement learning and its association to WM
capacity in children. By doing so, further indications may
be found for how to optimize therapeutic techniques such
as BPT.

The current study has some limitations that need to be
discussed. First, the operant learning task consisted of 120
acquisition trials and 80 extinction trials. A pilot study showed
that this amount of trials was needed to reach asymptotic
response acquisition and extinction, however, it should be noted
that because of the amount of trials the task was quite long
for the children (approximately 40 min). The length of the task
could possibly have had an effect on the attention span and/or
accuracy, although there was no direct evidence for this during
the study. Once the participants figured out the correct response,
a steady response pattern was maintained. Performance did not
show a decline of correct responding toward the end of the
acquisition phase (Figure 2). A second limitation is that only
typically developing Caucasian children with an IQ above 80
were included in this study, resulting in limited variability within
the sample (e.g., in WM capacity). However, because research
on response acquisition and extinction is scarce in children, we
deemed it important to investigate these mechanisms in typically
developing children first before studying these learning principles
in different samples of children with mental health disorders.
Further, one might argue that working memory performance is
merely an indicator of intelligence and as such our results are
simply a reflection of the role of intelligence in reinforcement
learning. However, we found similar results when controlling for
IQ, i.e., working memory remained significantly associated with
acquisition performance, supporting the notion that our results
are specific for working memory. Finally, to rule out potential
carry-over effects (e.g., strategy use), the order of the learning and
working memory tasks was not counterbalanced; the learning
task was always presented first. Therefore, we cannot rule out that
performance on the learning task influenced performance on the
working memory task.
In conclusion, our study shows that CRF of desired
responding results in faster and more robust acquisition than
PRF in children and that, regardless of the continuous or
partial nature of reinforcement, a higher WM capacity is
associated with better learning. Extinction performance was

ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of the social and societal ethics committee of
the KU Leuven with written informed consent from all subjects.
All subjects gave written informed consent in accordance with
the Declaration of Helsinki. The protocol was approved by the
social and societal ethics committee of the KU Leuven.

AUTHOR CONTRIBUTIONS
SvdO, TB, MD, ES, and HG designed the experiment and tasks.
ES collected the data. ES, and LC analyzed the data, in close
cooperation with TB, HG, and SvdO. ES drafted the manuscript,
SvdO, TB, HG, MD, and LC provided extensive feedback.

FUNDING
This work was supported by Research Grant G.0738.14N of the
Research Foundation Flanders (FWO).

ACKNOWLEDGMENTS
We are grateful to all participating children and their parents, to
Koen Poppe, PhD, for the programming of the learning task, and
to Sigrid Biesmans for her help with the data collection.

REFERENCES

Bijou, S. W. (1957). Patterns of reinforcement and resistance to extinction in young
children. Child Dev. 28, 47–54. doi: 10.2307/1125999
Boyagian, L. G., and Nation, J. R. (1981). The effects of force training and
reinforcement schedules on human performance. Am. J. Psychol. 94, 619–632
doi: 10.2307/1422423
Brotman, M. A., Kircanski, K., Stringaris, A., Pine, D. S., and Leibenluft, E. (2017).
Irritability in youghts: a translational model. Am. J. Psychiatry 174, 520–532.
doi: 10.1176/appi.ajp.2016.16070839
Callaerts-Vegh, Z., Beckers, T., Ball, S. M., Baeyens, F., Callaerts, P. F.,
Cryan, J. F., et al. (2006). Concomitant deficits in working memory
and fear extinction are functionally dissociated from reduced anxiety in
metabotropic glutamate receptor 7-deficient mice. J. Neurosci. 26, 6573–6582.
doi: 10.1523/JNEUROSCI.1497-06.2006
Capaldi, E. J. (1994). The relation between memory and expectancy as revealed
by percentage and sequence of reward investigations. Psychon. Bull. Rev. 1,
303–310. doi: 10.3758/BF03213970
Catania, A. C. (2013). Learning, 5th Edn. Cornwall-on-Hudson, NY: Sloan
Publishing.
Chorpita, B. F., and Daleiden, E. L. (2009). Mapping evidence-based treatments for
children and adolescents: application of the distillation and matching model

Achenbach, T. M., and Rescorla, L. A. (2001). Manual for the ASEBA School-Age
Forms and Profiles. Burlington, VT: University of Vermont, Research Center
for Children, Youth, and Families.
American Psychiatric Association (2000). Diagnostic and Statistical Manual
of Mental Disorders, 4th Edn. (DSM-IV-TR). Washington, DC: American
Psychiatric Association.
Amsel, A. (1992). Frustration Theory: An Analysis of Dispositional Learning and
Memory. Cambridge: Cambridge University Press.
Baddeley, A., and Della Sala, S. (1996). Working memory and executive control.
Philos. Trans. R. Soc. Lond. Ser. B 351, 1397–1403. discussion: 1403–1394.
Barch, D. M., and Ceaser, A. (2012). Cognition in schizophrenia: core
psychological and neural mechanisms. Trends Cogn. Sci. 16, 27–34.
doi: 10.1016/j.tics.2011.11.015
Barendse, E. M., Hendriks, M. P., Jansen, J. F., Backes, W. H., Hofman,
P. A. M., Thoonen, G., et al. (2013). Working memory deficits
in high-functioning adolescents with autism spectrum disorders:
neuropsychological and neuroimaging correlates. J. Neurodev. Disord. 5,
1–11. doi: 10.1186/1866-1955-5-14

Frontiers in Psychology | www.frontiersin.org

8

March 2018 | Volume 9 | Article 394

Segers et al.

Working Memory and Reinforcement Learning in Children

to 615 treatments from 322 randomized trials. J. Consult. Clin. Psychol. 77,
566–579. doi: 10.1037/a0014565
Chorpita, B. F., Yim, L. M., Donkervoet, J. C., Arensdorf, A., Amundsen,
M. J., McGee, C., et al. (2002). Toward large-scale implementation of
empirically supported treatments for children: a review and observations by
the Hawaii Empirical Basis to Services Task Force. Clin. Psychol. 9, 165–190.
doi: 10.1111/j.1468-2850.2002.tb00504.x
Collins, A. G. E., and Frank, M. J. (2012). How much of reinforcement
learning is working memory, not reinforcement learning? A behavioral,
computational, and neurogenetic analysis. Eur. J. Neurosci. 35, 1024–1035.
doi: 10.1111/j.1460-9568.2011.07980.x
Corsi, P. M. (1972). Human Memory and the Medial Temporal Region of the Brain.
Dissertation Abstracts International, 34, 819B.
Domjan, M. (2005). The Essentials of Conditioning and Learning, 3rd Edn. Belmont,
ON: Thomson/Wadsworth.
Domjan, M., and Burkhard, B. (1993). The Principles of Learning and Behaviour,
3rd Edn. Pacific Grove, CA: Brooks/Cole Publishing Co.
Dovis, S., Van der Oord, S., Huizenga, H. M., Wiers, R. W., and Prins, P. J. (2015).
Prevalence and diagnostic validity of motivational impairments and deficits in
visuospatial short-term memory and working memory in ADHD subtypes. Eur.
Child Adolesc. Psychiatry 24, 575–590. doi: 10.1007/s00787-014-0612-1
Dovis, S., Van der Oord, S., Wiers, R. W., and Prins, P. J. (2012). Can motivation
normalize working memory and task persistence in children with attentiondeficit/hyperactivity disorder? The effects of money and computer-gaming. J.
Abnorm. Child Psychol. 40, 669–681. doi: 10.1007/s10802-011-9601-8
Emmelkamp, P., David, D., Beckers, T., Muris, P., Cuijpers, P., Lutz, W.,
et al. (2014). Advancing psychotherapy and evidence-based psychological
interventions. Int. J. Methods Psychiatric Res. 23, 58–91. doi: 10.1002/mpr.1411
Evans, S. W., Owens, J. S., and Bunford, N. (2014). Evidence-based
psychosocial treatments for children and adolescents with attentiondeficit/hyperactivity disorder. J. Clin. Child Adolesc. Psychol. 43, 527–551.
doi: 10.1080/15374416.2013.850700
Furlong, M., McGilloway, S., Bywater, T., Hutchings, J., Smith, S. M., and
Donnelly, M. (2012). Behavioural and cognitive-behavioural groupbased parenting programmes for early-onset conduct problems in
children aged 3 to 12 years. Cochrane Database Syst. Rev. CD008225.
doi: 10.1002/14651858.CD008225.pub2
Gómez, M. A., de la Torre, L., Callejas-Aguilera, J. E., Lerma-Cabrera, J. M., Rosas,
J. M., Escarabajal, M. A., et al. (2008). The partial reinforcement extinction
effect (PREE) in female Roman high- (RHA-I) and low-avoidance (RLA-I) rats.
Behav. Brain Res. 194, 187–192. doi: 10.1016/j.bbr.2008.07.009
Humphreys, L. G. (1939). The effect of random alternation of reinforcement on
the acquisition and extinction of conditioned eyelid reactions. J. Exp. Psychol.
25, 141–158. doi: 10.1037/h0058138
Kaminski, J. W., Valle, L. A., Filene, J. H., and Boyle, C. L. (2008). A meta-analytic
review of components associated with parent training program effectiveness. J.
Abnorm. Child Psychol. 36, 567–589. doi: 10.1007/s10802-007-9201-9
Kazdin, A. E. (1997). Parent management training: evidence, outcomes
and issues. J. Am. Acad. Child Adolesc. Psychiatry 36, 1349–1356.
doi: 10.1097/00004583-199710000-00016
Kittler, J. E., Menard, W., and Phillips, K. A. (2007). Weight concerns
in individuals with body dysmorphic disorder. Eat. Behav. 8, 115–120.
doi: 10.1016/j.eatbeh.2006.02.006
Kort, W., Compaan, E. L., Bleichrodt, N., Resing, W. C. M., Schittekatte, M.,
Bosmans, M., et al. (2002). WISC-III NL Handleiding. (Dutch Manual).
Amsterdam: NIP.
Leijten, P., Dishion, T. J., Thomaes, S., Raaijmakers, M. A. J., Orobio de Castro, B.,
and Matthys, W. (2015). Bringing parenting interventions back to the future:
how randomized microtrials may benefit parenting intervention efficacy. Clin.
Psychol. 22, 47–57. doi: 10.1111/cpsp.12087
Lilliquist, M. W., Nair, H. P., Gonzalez-Lima, F., and Amsel, A. (1999). Extinction
after regular and irregular reward schedules in infant rat: influence of age
and training duration. Dev. Psychobiol. 34, 57–70. doi: 10.1002/(SICI)10982302(199901)34:1&lt;57::AID-DEV7&gt;3.0.CO;2-R
Logan, G. D. (1994). “On the ability to inhibit thought and action: a users’ guide
to the stop signal paradigm,” in Inhibitory Processes in Attention, Memory, and
Language, eds D. Dagenbach and T. H. Carr. (San Diego, CA: Academic Press),
189–239.

Frontiers in Psychology | www.frontiersin.org

Martinussen, R., Hayden, J., Hogg-Johnson, S., and Tannock, R. (2005).
A meta-analysis of working memory impairments in children
with attention-deficit/hyperactivity disorder. J. Am. Acad. Child
Adolesc. Psychiatry 44, 377–384. doi: 10.1097/01.chi.0000153228.72
591.73
Mash, J. W., and Johnston, C. (2008). Parental social cognitions: considerations
in the acceptability of and engagement in behavioral parent training.
Clin. Child Fam. Psychol. Rev. 11, 218–236. doi: 10.1007/s10567-0080038-8
Matthys, W., Vanderschuren, L. J., Schutter, D. J., and Lochman, J.
E. (2012). Impaired neurocognitive functions affect social learning
processes in oppositional defiant disorder and conduct disorder:
implications for interventions. Clin. Child Fam. Psychol. Rev. 15, 234–246.
doi: 10.1007/s10567-012-0118-7
McCuller, T., Wong, P. T., and Amsel, A. (1976). Transfer of persistence from
fixed-ratio barpress training to runway extinction. Anim. Learn. Behav. 4,
53–57. doi: 10.3758/BF03211986
McKell Carter, R., Hofstotter, C., Tsuchiya, N., and Koch, C. (2002).
Working memory and fear conditioning. Neuroscience 100, 1399–1404.
doi: 10.1073/pnas.0334049100
Miyao, G., and Meyers, L. S. (1973). A sequential analysis of the partial
reinforcement extinction effect in children. Mem. Cogn. 1, 143–148.
doi: 10.3758/BF03198085
Nation, J. R., and Woods, D. J. (1980). Persistence: the role of partial
reinforcement in psychotherapy. J. Exp. Psychol. 109, 175–207.
doi: 10.1037/0096-3445.109.2.175
Pittenger, D. J. (2002). The two paradigms of persistence. Genet. Soc. Gen. Psychol.
Monogr. 128, 237–268.
Pittenger, D. J., and Pavlik, W. B. (1988). Analysis of the partial reinforcement
extinction effect in humans using absolute and relative comparisons of
schedules. Am. J. Psychol. 101, 1–14. doi: 10.2307/1422789
Pittenger, D. J., Pavlik, W. B., Flora, S. R., and Kontos, J. (1988). Analysis
of the partial reinforcement effect in humans as a function of sequence
of reinforcement schedules. Am. J. Psychol. 101, 371–382. doi: 10.2307/14
23085
Powell, D. A., Churchwell, J., and Burriss, L. (2005). Medial prefrontal lesions and
pavlovian eyeblink and heart rate conditioning: effects of partial reinforcement
on delay and trace conditioning in rabbits (Oryctolagus cuniculus). Behav.
Neurosci. 119, 180–189. doi: 10.1037/0735-7044.119.1.180
Rescorla, R. A. (1999). Within-subject partial reinforcement extinction effect in
autoshaping. Q. J. Exp. Psychol. 52B, 75–87.
Saarinen, S., Fontell, T., Vuontela, V., Carlson, S., and Aronen, E. T.
(2015). Visuospatial working memory in 7- to 12-year-old children with
disruptive behavior disorders. Child Psychiatry Hum. Dev. 46, 34–43.
doi: 10.1007/s10578-014-0449-3
Sangha, S., McComb, C., Scheibenstock, A., Johannes, C., and Lukowiak, K.
(2002). The effects of continuous versus partial reinforcement schedules on
associative learning, memory and extinction in Lymnaea stagnalis. J. Exp. Biol.
205, 1171–1178.
Sattler, J. M. (2001). Assessment of children: Cognitive applications 4th Edn. San
Diego, CA: Author.
Shangha, S., McComb, C., Scheibenstock, A., Johannes, C., and Lukowiak, K.
(2002). The effects of continuous versus partial reinforcement schedules on
associative learning, memory and extinction in Lymnaea stagnalis. J. Exp. Biol.
205, 1171–1178.
Skinner, B. F (1968). The Technology of Teaching. New York, NY: AppletonCentury-Crofts.
Skinner, B. F. (1938). The Behavior of Organisms. New York, NY: AppletonCentury-Crofts.
Svartdal, F. (2003). Extinction after partial reinforcement: predicted vs.
judged persistence. Scand. J. Psychol. 44, 55–64. doi: 10.1111/1467-9450.
00321
Verhulst, F. C., Van der Ende, J., and Koot, H. M. (1996). Handleiding Voor de
CBCL/4-18 [Manual for the CBCL/4-18]. Assen: Van Gorcum.
Wechsler, D. (1958). The Measurement and Appraisal of Adult Intelligence, 4th Edn.
Baltimore, MD: Williams & Witkins.
Weisz, J. R., and Kazdin, A. E. (2010). Evidence-Based Psychotherapies for Children
and Adolescents, 2nd Edn. New York, NY: Guilford Press.

9

March 2018 | Volume 9 | Article 394

Segers et al.

Working Memory and Reinforcement Learning in Children

Zwi, M., Jones, H., Thorgaard, C., York, A., and Dennis, J. A. (2011). Parent
training interventions for Attention Deficit Hyperactivity Disorder (ADHD) in
children aged 5 to 18 years (Review). Cochrane Database Syst Rev. 7:CD003018.
doi: 10.1002/14651858.CD003018.pub3

The other authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest.
Copyright © 2018 Segers, Beckers, Geurts, Claes, Danckaerts and van der Oord.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Conflict of Interest Statement: SvdO has been a paid speaker (Shire, MEDICE).
Co-developer/author of a cognitive training game “Braingame Brian” and two
cognitive-behavioral treatments “Plan my Life” and Solution-focused treatment
(non-financial COI). MD has been a paid member of advisory boards organized
by Shire, Novartis and Medice and paid for consultancy for Neurotech Solutions.
She received research grants from Shire and Janssen-Cilag.

Frontiers in Psychology | www.frontiersin.org

10

March 2018 | Volume 9 | Article 394

Segers et al.

Working Memory and Reinforcement Learning in Children

APPENDIX

the button of the moon). Which figures you have to select, you
have to find out yourself. Specific instructions CRF condition:
If you press the correct buttons, you will receive a coin. The
more correct responses you give, the more coins you earn.
The total amount of coins earned so far is indicated on the
treasure chest. Please try to earn as much coins as possible.
Specific instructions PRF condition: If you press the correct
buttons, you will sometimes receive a coin and sometimes you
will not. The more correct responses you give, the more coins
you earn. The total amount of coins earned so far is indicated
on the treasure chest. Please try to earn as much coins as
possible.

Instructions for the Operant Learning Task
(Translated; Original Instructions in Dutch)
You will see two figures on the computer screen: a sun and a
moon. First, these figures are orange and flash two times. This
means that we will start. Afterwards, two figures will appear
on the screen. These figures are always green. It is important
to pay attention to the two figures, because afterwards you
have to select two figures yourself on the keyboard. You can
choose to press the button of the sun (experimenter points at
the button of the sun) or the moon (experimenter points at
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