
Contents lists available at ScienceDirect

Psychiatry Research

journal homepage: www.elsevier.com/locate/psychres

Impairment in planning tasks of children and adolescents with anxiety
disorders

Camila Luisi Rodriguesa,⁎, Cristiana Castanho de Almeida Roccab, Antonio Serafimc,
Bernando dos Santosd, Fernando Ramos Asbahra

a Anxiety Disorders in Children and Adolescent Program, Department and Institute of Psychiatry, University of São Paulo, São Paulo, Brazil
b Institute of Psychiatry, University of São Paulo, São Paulo, Brazil
c Department and Institute of Psychiatry, University of São Paulo, São Paulo, Brazil
d Statistician, Institute of Psychiatry, University of São Paulo, São Paulo, Brazil

A R T I C L E I N F O

Keywords:
Anxiety
Planning task
Children
Adolescent

A B S T R A C T

Anxiety disorders are associated with poor neuropsychological performance in attention and memory. However,
little is known about the impact of these difficulties on other cognitive functions, such as planning. The ability to
plan, including attention, working memory and set-shifting components, can be assessed by the Tower of Hanoi
task (ToH). This study evaluated seventy-one participants, aged from 7–17 years. Thirty-seven subjects met
DSM-IV diagnostic criteria for at least one anxiety disorder and 34 individuals comprised the controls. The
neuropsychological tests used were: the ToH, a problem-solving task, involves planning ability and other ex-
ecutive functions (working memory, attentional control and cognitive flexibility); for the assessment of pro-
cessing speed and problem-solving, the Vocabulary/Matrix Reasoning subtests of the Wechsler Abbreviated
Scale of Intelligence was used to measure for estimated-IQ in both groups. The groups were compared with a
generalized linear model controlling for age, IQ and ADHD comorbidity. Compared with controls, anxiety dis-
orders subjects made more errors and required more time to complete the ToH. Children and adolescents with
anxiety disorders have poorer planning ability compared to subjects without anxiety disorders, and the difficulty
in planning is affected by interference from other cognitive functions, such as attention, working memory,
cognitive flexibility and problems-solutions.

1. Introduction

Planning is a cognitive component related with executive func-
tioning and it is defined as any behavior specifically created by the
individual with the intention of preparing to reach some goal, and the
testing of the end state must involve some real choice or selection
(Lezak et al., 2012; Kreitler and Kreitler, 1987). Some authors have
proposed that the ability to plan arises only through the combination of
certain mental components such as attention, working memory and set-
shifting (Friedman et al., 1987). This cognitive ability is assessed by
problem-solving tasks like the Tower of Hanoi task (ToH) and its de-
rivatives (Borys et al., 1982; Spitz et al., 1985).

Klahr (1994) has noted the important role of counter-intuitive
moves in TOH performance. Counter-intuitive moves are those that do
not move toward the end-state goal, requiring planning and inhibition
of the prepotent move directed at the end-state goal. These prepotent
moves are problematic as the participant must make additional moves

to reproduce the desired end-state configuration, and this ultimately
may lead to an incorrect solution of the individual tower problem.
Mental flexibility or shifting may also be important, as the participant
must shift flexibly among subgoals or move to achieve the configura-
tion.

Other cognitive processes are likely to contribute to ToH perfor-
mance (see Fig. 1). Verbal working memory, as defined by Barkley, is
implicated in the ToH because the task elicits an inner monologue in
children. Working memory, which includes verbal working memory, is
a necessary element in planning, which is purposeful strategic effort
directed at meeting a goal (Barkley, 1997). Nonverbal (spatial) working
memory is also required by the task because sequences of moves must
be kept in mind to achieve correct solutions.

Unterrainer et al. (2018) assessed the planning performance with
the Tower of London task (similar to the TOH) in adults, related to self-
reported anxiety and depression. Higher anxiety ratings were associated
with lower planning performance independent of age. When directly
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comparing the predictive value of depression and anxiety on cognition,
only anxiety attained significance. Thus, subclinical levels of anxiety
showed negative associations with cognitive functioning independent
of age.

In a sample of 860 children withdrawn from a large community
study, Mogg and colleagues compared children with anxiety disorders
to disorder-free children. The authors suggested that executive atten-
tion is impaired in children with anxiety disorders (excluding specific
phobias), relative to disorder-free children (subjects with nonclinical
anxiety). Furthermore, executive attention was less efficient in dis-
order-free children who have high, relative to low, levels of anxiety
symptoms. Thus, the impaired executive attention in children (reflected
by difficulty inhibiting processing of task-irrelevant information) was
not fully explained by general psychopathology, but instead showed
specific associations with anxiety disorders (other than specific phobia),
as well as with high levels of anxiety symptoms in non-clinical anxiety
(Mogg et al., 2015).

Psychiatric disorders affecting young people may impair cognitive
functioning. In terms of anxiety disorders, studies of anxious children
have shown detrimental effects on neuropsychological performance,
such as executive function, memory, attention, and learning (Eysenck
and Calvo, 1992; Gunther et al., 2004; Lee et al., 2012; Vloet et al.,
2010; Weems et al., 2007). Studies that specifically addressed working
memory have shown that anxiety adversely affects this cognitive
function in children. In one of these studies, Hadwin et al. (2005) have
suggested that anxious youngsters are less efficient on verbal working
memory tasks in terms of increased mental effort and increased time
taken to complete tasks (Hadwin et al., 2005; Ng and Lee, 2010; Owens
et al., 2012; Owens et al., 2008). Taken together, these studies suggest
that pathological anxiety may have a negative impact on cognitive
functioning and on academic performance (Eysenck et al., 2007;
Mazzone et al., 2007; Robinson et al., 2013).

In a cohort study, White et al. (2017) assessed 9498 participants
(aged 8–21 years) and found differences in the strength of associations
between the specific executive function components and symptom le-
vels within and across clinical domains. For example, for anxious-
misery and fear symptoms, attentional vigilance and working memory
had more robust relations to symptoms than response inhibition or
conceptual flexibility. Snyder et al. (2015) found that different studies
support the relationship between attentional shift and panic, social
anxiety and generalized anxiety. Moreover, research in non-clinical
samples suggests that trait anxiety, and especially anxious apprehen-
sion (worry) is associated with impairments in a specific aspect of ex-
ecutive function, inhibiting competing responses (Snyder et al., 2010,
2014) and there have been reports of impaired visuospatial working
memory in individuals with panic disorder (Boldrini et al., 2005), and
impaired verbal working memory manipulation, but not maintenance,
in individuals with generalized anxiety disorder (Christopher and
MacDonald, 2005). Iorfino et al. (2016) conclude that there is a re-
lationship between anxiety disorders (for example, social anxiety dis-
order), and poor executive functioning, such as cognitive inflexibility
and verbal memory.

However, there are no studies that specifically evaluate planning
ability in anxious youngsters. One study has evaluated planning ability
in subjects with Obsessive-Compulsive Disorder [OCD; until the pub-
lication of the DSM-5, OCD was considered part of the anxiety disorders
chapter (American Psychiatric Association, 2000)]. In a series of neu-
ropsychological tests, which compared 14 OCD children to 24 healthy
developing children of similar ages and intellectual abilities,
Ornstein et al. (2010) found deficits in cognitive flexibility and plan-
ning ability in OCD children.

The evaluation and the identification of potential deficits in anxious
youngsters may be a major step toward the understanding of the re-
lationship between anxiety disorders and planning ability. Thus, the
purpose of this study was to evaluate the performance in planning tasks
of children and adolescents with anxiety disorder. We hypothesized
that the performance in the ToH would be lower in youngsters with
anxiety disorders when compared to healthy control subjects.

2. Methods

This study was carried out as part of the Child and Adolescent
Anxiety Program at the University of São Paulo Hospital in Brazil and
involved subjects recruited through media advertisement. Thirty-seven
participants between 7 and 17 years of age met the DSM-IV diagnostic
criteria for at least one of the following anxiety disorders: generalized
anxiety disorder (GAD), separation anxiety disorder (SAD) or social
phobia (SP) and were considered eligible to participate in the study.
They comprised the anxiety group. These subjects took part in a psy-
chopharmacological trial published elsewhere (da Costa et al., 2013).
Thirty-four individuals, aged from 7 to 17 years, comprised the healthy
control group.

Exclusion criteria included the presence of: attention-deficit/hy-
peractivity disorder (ADHD) as a primary disorder or the need for and/
or use of psychostimulants; current comorbid major depressive episode;
previous or current diagnoses of bipolar, obsessive-compulsive, eating,
or post-traumatic stress disorders; substance abuse; psychotic or con-
duct disorders; neurological disorders; any organic brain disease; sui-
cidal ideation; any current treatment for anxiety; pregnancy; and
overall intelligence quotient (IQ) below 70. The study was approved by
the Research Ethics Committee of the Hospital das Clinicas of the
University of São Paulo Medical School. Written informed consent
(0953/08) was obtained from the parents or legal guardians for all
participants, as well as assent from each participant (child or adoles-
cent).

2.1. Measures

All subjects (patient and control groups) were clinically evaluated
by a licensed child and adolescent psychiatrist using the following in-
struments: the Schedule for Affective Disorders and Schizophrenia for
School-Age Children (K-SADS) for the assessment of current and life-
time DSM-IV psychiatric diagnoses (Ambrosini, 2000) and the National
Institute of Mental Health (NIMH) Clinical Global Impression scale
(CGI) for the assessment of severity of symptoms.

Both groups were submitted to neuropsychological assessments
through the following tests: the Tower of Hanoi task (ToH) (with 3 and
4 disks); and two subtests of the Wechsler Abbreviated Scale of
Intelligence (Wechsler, 1999): the Vocabulary and the Matrix Rea-
soning for measures of estimated Intelligence Quotient (IQ).

The ToH (Simon, 1975) requires participants to transform an ar-
rangement of disks into a different configuration in as few moves as
possible. The start state is the arrangement of disks of different sizes
that a participant must modify by moving one disk at a time in as few
steps as possible, in order to reach the end-state configuration.

The ToH was administered by means of one board containing three
or four graduated disks arranged on three pegs. After the presentation
of the goal arrangement by the examiner (end state), the participant

Fig. 1. Cognitive processes involved in the Tower of Hanoi task.
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was asked to rearrange the display in as few moves as possible. The
examiner stated two rules for the test: (1) the subject was permitted to
move only one disk at a time; and (2) he/she was not allowed to place a
larger disk over a smaller disk. Next, the ToH was repeated 5 times with
each of the disk sets (3 and 4 disks) and this task ended when both sets
of problems were administered. For each puzzle, planning time (time
between the first and the last move made by the participant) was
measured by stopwatch. Three types of score were obtained: mean
performance time for each disk set; mean of movements performed;
total number of errors made (number of rule breaks).

2.2. Statistical analyses

All variables of interest were assessed for normality with the
Kolmogorov-Smirnov test. For those in which the null hypotheses of
normality were not rejected, Student's t-test was performed to compare
the means. For the remaining variables, the Mann-Whitney nonpara-
metric test was used. Correlation between total scores of neu-
ropsychological ratings with the ToH was measured with Pearson's
coefficient. The ToH scores were compared between groups with a
generalized linear model (Nelder and Wedderburn, 1972), controlling
for age, IQ and ADHD comorbidity. Families chosen were Gamma for
movement and time measurement and Poisson for errors. All analyses
were conducted on SPSS v.17 and type I error was set at 5%.

3. Results

Table 1 shows descriptive data from subjects with anxiety disorders
(n=37). Thirty of them (81.1%) had one or more comorbid anxiety
disorder.

Concerning the individuals without comorbidity, 57.1% (n=4)
were diagnosed with GAD, 28.6% (n=2) with SAD, and 14.3% with SP
(n=1). Regarding the severity of anxiety symptoms, according to CGI
scores (Guy, 1976), 15.6% of individuals in the study group were
considered severely ill (CGI= 6), 68.8% markedly ill (CGI= 5), and
15.6% moderately ill (CGI= 4).

Table 2 shows the sociodemographic description on both groups.
There is no evidence that the groups have different distributions on
these variables except for IQ (in which controls present a slightly higher
mean than subjects from the study group). When comparing ToH
variables, controlling for age and IQ, children and adolescents with
anxious disorders required more moves (p=0.019 for 3 pieces, and
p=0.051 for 4 pieces), more time (3 pieces: p=0.007; 4 pieces:
p < 0.001) and made more mistakes (p < 0.001 for 4 pieces) in
completing the task. There was no difference among groups regarding
the number of errors in the three-piece puzzle.

4. Discussion

To our knowledge, this is the first controlled study to provide evi-
dence of planning ability impairment in children and adolescents with
anxiety disorders.

In the present study, subjects with anxiety disorders, compared to a

control group, showed significantly more difficulty in performing the
ToH, as they required more moves and more time to execute the task,
and made more errors in the most complex stage of the task (with 4
pieces). Our results suggest that some cognitive functions involved in
the TOH were impaired in these individuals. For instance, with the
occurrence of errors and the difficulty in recalling actions in progress
and the rules of the activity, attention and working memory were
compromised. In addition, cognitive flexibility was also affected by the
challenge of changing the course of action, as the group of anxious
subjects made errors and a greater number of movements in the task.
Thus, these observations suggest difficulties in set-shifting and inhibi-
tion of response. Furthermore, new problem-solving ability (fluid in-
telligence) was also impaired, as observed by the greater number of
movements associated to the amount of time to accomplish the task.

Our study is aligned with the neurobiological models of Eysenck and
colleagues’ attentional control theory (Eysenck et al., 2007). According
to the authors, this theory makes various predictions about the effects
of anxiety on the functioning of the goal-directed attentional systems,
leading to: (a) reduced ability to inhibit incorrect prepotent responses;
(b) increased susceptibility to distraction; (c) impaired performance on
secondary tasks in dual-task situations; and (d) impaired task-switching
performance. Indeed, the results observed in our study can be explained
in the context of this theory.

We found no reports that utilized the TOH to assess similar popu-
lations with the one evaluated in the present study (children and ado-
lescents with anxiety disorders). Nevertheless, when contrasted with
other studies carried out with the same instrument of evaluation (ToH)
in distinct populations (adults and youngsters with OCD), similar re-
sults were observed. Taken together, these studies show that subjects
with OCD need more moves to solve the ToH task (Cavedini et al., 2001;
Cavallaro et al., 2003) or increased time for completion of the task
without differences in the number of movements. Although these are
considered distinct disorders since the publication of the DSM-5, OCD
was considered primarily an anxiety disorder.

A major limitation of this study is related to the restricted number of
participants. The difficulty of including subjects within the strict in-
clusion criteria adopted (particularly for subjects without comorbid
conditions) has contributed to its small sample size. However, the cri-
teria employed may have helped to increase reliability in the assess-
ment of symptoms of anxiety, given the exclusion of youngsters with
comorbidities such as ADHD (as a primary disorder) and major de-
pression, clinical conditions which may interfere in cognitive processes.
In addition, we were unable to test differences in planning impairments
based on developmental factors, as the age range of subjects was fairly
wide, nor differences in impairments based on the type of anxiety. It is
also important to note that we could not establish the direction of the
relationship between anxiety and cognitive deficits. Thus, it was not
possible to claim that the neuropsychological deficits could be cause
(risk factor) or the effect (consequence) of the anxiety disorders.

5. Conclusion

By studying a sample of Brazilian children and adolescents with
anxiety disorders, our study shows that these subjects have impaired
planning ability. Indeed, it has been suggested that working memory,
attention, and processing speed-all cognitive functions associated with
planning ability – have been affected by the presence of anxiety. Thus,
in order to better establish the relationship between anxiety disorders
and cognitive deficits, additional controlled studies, with larger samples
and longitudinal delineation, are warranted. In the transition from
childhood to adolescence, cognitive flexibility meets a critical period of
development. Deficits in cognitive functioning in this period of life may
influence the course of this development. Thus, early detection and
introduction of appropriate interventions for young people suffering
from anxiety disorders are essential.

Table 1
Frequency of comorbid anxiety disorders in the anxiety group.

DSM-IV Diagnoses N %

Separation anxiety disorder 20 54
Social phobia 18 48,6
Specific phobia 15 40.5
Generalized anxiety disorder 13 35.1
Panic disorder 08 21.6
Attention-deficit / hyperactivity disorder 08 21.6
Obsessive-compulsive disorder 02 5.4
Depressive disorder 01 2.7
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Variables Anxiety Group (n= 37) Mean (SD) Control Group (n= 34) Mean (SD) p⁎⁎ Effect size ⁎⁎⁎

Age (in years) 12.0 (2.9) 12.4 (3.4) 0.620⁎⁎ 0.187⁎⁎⁎

Male gender (%) 57.9 38.2 0.096⁎⁎

Years of schooling 7.0 (2.7) 7.6 (3.4) 0.429⁎⁎ 0.196⁎⁎⁎
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Errors (with 4 pieces) 5.4 (5.5) 2.0 (2.4) <0.001⁎⁎ 0.790⁎⁎⁎

⁎ time measured in seconds/.
⁎⁎ generalized linear model /.
⁎⁎⁎ Cohen's d.
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