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Background: Attention-deficit/hyperactivity disorder (ADHD) is defined as a cognitive or
behavioural developmental disorder. Inattentiveness, overactivity and impulsivity are
regarded as the main clinical symptoms of ADHD. These symptoms may occur together
or separately resulting in three recognised presentations: predominantly inattentive,
predominantly hyperactive-impulsive and combined presentations.

Aim: This study investigated deficiencies in behavioural planning in South African primary
school children with and without ADHD.

Setting: Tzaneen area in Limpopo province, South Africa.

Methods: A total of 156 children (78 with ADHD and 78 matched controls without ADHD) of
both genders, who were medication naive and aged 6-15 years, participated in the study. The
performance of the two groups was compared on a test of planning and problem-solving, the
Tower of London (ToL) task. The results were analysed as a function of gender, age and ADHD
presentation.

Results: Children with ADHD especially ADHD-PI and ADHD-C used significantly more
moves and took a longer time to complete the task than the controls (p < 0.001). There were no
significant differences in the number of moves and time taken by the predominantly
hyperactive-impulsive presentations of ADHD when compared to the controls. Gender and
age did not influence the performance.

Conclusion: The results showed that children with ADHD showed significantly more deficits
mainly the ADHD-PI and ADHD-C presentations, which indicates that inattention is mainly
responsible for deficiencies in behaviour planning. The ADHD-HI presentations and the
control group were not affected.

Keywords: attention-deficit/hyperactivity disorder; behavioural planning; developmental
disorder; primary school children; hyperactive.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common heterogeneous neurodevelopmental
disorder of genetic origin, with a childhood onset and which often persists into adulthood.'?
According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
ADHD is characterised by symptoms of overactivity, impulsivity and inattention, which are
presently regarded as the main clinical symptoms.?

Globally, the prevalence of ADHD does not significantly differ between America, Australia and
Africa.** The prevalence of ADHD in children and adolescents worldwide is estimated to be
5.3%.2 In South Africa, Meyer et al.’ found that the prevalence of ADHD among primary school
children of all ethnic populations in the Limpopo province to be 5.5%.

In children and adolescents, ADHD predominantly affects males with a male—female sex ratio
of 4:1 in clinical samples and 2.4:1 in population studies.? Attention-deficit/hyperactivity
disorder is found to be as prevalent and with similar same-sex ratios on the African continent
as in Western countries.?®

Itis widely recognised that ADHD is not only a behaviour disorder characterised by hyperactivity,
impulsivity and inattention, butitis fundamentally a cognitive disorder, involving a developmental
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impairment of executive functions (EFs), which are the
controlling system of the brain.® Executive functioning is a
complex cognitive control process, which enables self-
regulation and self-directed behaviour towards a goal;
modifies behaviour in the light of new information; makes
decisions and evaluates risks, plans for the future, prioritises
and sequences actions, and solves novel problems.”

Symptoms of ADHD arise from a primary deficit in specific
EF domains, such as response inhibition, working memory,
set-shifting and planning.'*® Children with ADHD show
impairments in judgement, organisation, planning and
decision-making as well as in behavioural disinhibition and
cognitive flexibility.® As a result, they experience problems
with social skills, and exhibit low self-esteem, low frustration
tolerance and impaired academic performance.’

Executive dysfunction is generally attributed to structural and
functional frontal pathology."'’ The ventromedial prefrontal
cortex (PFC) is associated with complex decision-making and
strategic planning, while dorsolateral (PFC) is linked to
working memory and behaviour planning.''? There is
abundant support for the role of the PFC in the ability to plan
and carry out a strategy for completion. Neurotransmitter
circuits are involved in EFs, with the dopamine system,
especially, playing an essential part in planning and cognitive
flexibility by supplying the PFC./7"" Therefore, a
hypofunctioning mesocortical dopamine branch will cause
poor behaviour planning.’* In this study the focus was on
behaviour planning. Children who are deficient in planning
behaviour display insufficient problem-solving strategies,
which, in turn, compromise their learning ability at school.

Planning can be described as the execution of goal-directed
behaviour to predictand evaluate outcomes. Also identifying,
organising steps and elements needed to carry out an
intention.’® To plan, one must be able to conceptualise
changes from present circumstances (look ahead, deal
objectively with oneself concerning the environment and
view the environment objectively). The planner must also be
able to conceive of alternatives, weigh and make choices, and
entertain both sequential and hierarchical ideas necessary for
the development of a conceptual framework or structure that
will give direction to the carrying out of a plan. Good impulse
control and reasonably intact memory functions are also
necessary in planning.'” Moreover, all of this conceptual
activity requires a capacity for sustained attention.' The
literature suggests that children with ADHD often show
poor performance on tasks that require strategic planning."

A study by Kofman et al.” stated that children with ADHD
exhibited poor performance where planning or a proper
strategy was needed. Pila-Nemutandani and Meyer.?, Schmitz
et al.! and Mokobane et al.* noticed that children with the
combined (ADHD-C) presentation were highly deficient in
behavioural planning and faced more difficulties when
compared to both the predominantly hyperactive-impulsive
(ADHD-HI) and predominantly inattentive (ADHD-PI)
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presentations and neurotypically children. However, a study
by Geurts et al.” showed no deficiencies in children with
ADHD and normal controls with regard to planning.

The purpose of the study was to investigate whether children
with ADHD have deficits in behaviour planning as measured
by the Tower of London (TOL)

Research methods and design
Study design

The study was conducted in primary schools in the Tzaneen
area, Limpopo, during 2017. A quantitative, cross-sectional
case—control study, experimental design was used. To
establish whether children with ADHD are deficient in
behaviour planning, the sample was divided into participants
with ADHD and matched controls without symptoms of
ADHD.

Setting

The selected regions were in a rural area in which assessment
of this nature is very rare. The areas were selected based on
the remoteness of the regions so that the community could
benefit from such research.

Study population and sampling strategy

The sample (n = 156) was divided equally in terms of gender
(76 boys and 80 girls), aged 6-15 years of age, were recruited
from a school-based population in the Tzaneen area in the
Limpopo province, South Africa. They were Sepedi and
Xitsonga speaking, grade 1-grade 7 learners. The participants
were divided into two age groups: 6-10 and 11-15 years. The
sample was chosen because of its accessibility. To detect
symptoms of ADHD, the learners were screened using the
disruptive behavioural disorder (DBD) rating scale, based
on ratings from parents and teachers.?** A total number of
5480 children were screened for ADHD using the DBD
rating scale. Cut-off points were based on the results
obtained from a previous study that had been conducted in
Limpopo by Meyer et al.’> Learners who met the criteria for
ADHD were assigned by the researcher as follows:
participants with scores > 17 on the hyperactivity and
impulsiveness scale were classified as ADHD-HI
presentations and those having a score > 20 on the inattention
scale were classified as ADHD-PI presentations, based on
the epidemiological study by Meyer et al.’ Participants who
met the criteria on both scales, ADHD-HI and ADHD-PI,
were categorised as ADHD-C presentations. The cut-off
point for the neurotypical control group was set at the 85th
percentile or below to decrease the risk for false-positives in
the group. Thus, children with scores of less than 15 on the
hyperactivity and impulsivity scale and the inattention
scale, matched for gender, age and home language, were
selected as controls. Children were divided into an ADHD
group and a control group, without ADHD symptoms.
Seventy-eight children were found positive for ADHD
symptoms (ADHD group) and they were matched for
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gender, age and home language with children without
ADHD (control group, n = 78). Children with an intelligence
quotient (IQ) lower than 80 and/or who are suffering from
any head injury, epilepsy, cerebral palsy, cerebral malaria,
autism spectrum disorder or severe psychiatric disorders, as
reported on the demographic questionnaire by parents and
confirmed by the teachers, were excluded from this study. At
the time of testing, the researcher ensured that none of the
children were taking psychostimulant medication.

Data collection

Data were collected from primary school children within the
Tzaneen area in Limpopo province during 2017. School
principals gave their permission to conduct the study at their
schools. Informed, written consent was obtained from the
parents. The return rate of the questionnaires was 98%. The
study was explained to all children selected for testing, and
their assent was obtained. The assessments were conducted
in the mornings. The children were assessed individually in
a quiet room during school hours. The total number of correct
responses for the TOL (total score) and the time taken to
complete the specific response were recorded. The testing
procedure for each child lasted 30 min and was conducted by
a clinical psychologist and four research assistants (who held
bachelor’s degrees in psychology) and were fluent in the
child’s home language.

Instruments

Screening instruments: Disruptive behaviour disorder
rating scale. The disruptive behaviour disorder rating scale
(DBD), by Pelham et al*® used to screen for ADHD
symptoms, was completed by parents and teachers. The scale
was standardised and normed for all language and
population groups in Limpopo province, South Africa.> The
DBD assesses the presence and degree of ADHD-related
symptoms (inattention and hyperactivity /impulsivity),
oppositional defiant disorder (ODD) and conduct disorder
(CD) as formulated in the DSM-IV-TR. The DBD has been
translated into five South African languages, namely, Sepedi,
Tshivenda, Afrikaans, Tsonga and Tswana, which are spoken
in the Limpopo province. Internal consistency and norms for
each language group have been established.®

Cronbach’s a for the primary school population in the
Limpopo province was calculated at 0.90 for the HI scale and
0.92 for the inattention scale.’ For this study, the sample’s
Cronbach’s a for the HI scale was calculated at 0.74, and at
0.79 for the inattention scale.

Assessment of behaviour planning

The Tower of London: The TOL is a widely used instrument
for assessing planning ability. Shallice? developed the
instrument to assess higher order problem-solving capacity,
specifically executive planning. It can also be used in a
neuropsychological battery to assess motor planning and
processing information.” The TOL requires ‘forward
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thinking” or planning and measures spatial planning and
problem-solving because an early incorrect move can render
the problem almost unsolvable.** The TOL is considered
to be a frontal lobe test which is believed to measure EFs
involved with strategic planning.**2It has been proven to be
sensitive in distinguishing planning behaviour deficits in
children with ADHD and in neurotypically children.?*

The apparatus consisting of three wooden beads (red, yellow
and blue) had been placed. The researcher presented an
example of the problems, on cards, which were to be solved
in two to five steps. In a practice problem, the same initial
position was used, where two steps were needed to reach a
solution. The task consisted of 12 problems, which had been
graded in terms of their difficulty. From the start position, the
participants were expected to move the beads to the finish
position shown on the cards, making use of the least number
of steps. The reliability coefficients were split-half reliability,
r=0.72, and internal consistency, Cronbach’s a = 0.69.17*

Data analysis

Analysis of variance (ANOVA) was used to investigate
possible between-group differences using the ToL raw scores.
Analysis was done using Statistica 10 StatSoft.® The results
for each test were analysed with 4 x 2 (ADHD presentation x
gender) ANOVA'’s for independent samples. Post hoc tests
consisted of multiple comparisons using the Bonferroni
method.*

Ethical consideration

We confirm that this manuscript is the original and has not
been submitted to any otherjournal for publication. University
of KwaZulu-Natal, is fully aware of this submission. Ethical
approval to conduct the study was obtained (from the
Biomedical Research Ethics Committee of the University of
KwaZulu-Natal (EthicalClearance Number HSS /1452 /015D).
In addition, permission was obtained from the Department
of Education, Limpopo province, and school principals of the
selected schools. Informed consent was obtained from the
parents or legal guardians of the learners to participate in the
study. The children also assented to their participation in the
study. Participation in the study was voluntary, and
participants were informed that they could withdraw at any
stage.

Results

The study hypothesised that children with ADHD will have
impairments in behaviour planning when compared with
neurotypically children. Age did not affect the results;
therefore, it was not taken into account for further analysis.
Statistically significant differences were found for the
inattention scores (p < 0.001) and the HI scores (p < 0.001) of
the DBD rating when the ADHD and control group were
compared. The demographics and DBD scores for the sample
are presented in Table 1.
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The descriptive statistics, the results of the ANOVA and the
post hoc analysis for the number of moves and the time taken
in seconds on the TOL are shown in Table 2.

Number of moves

There was neither main nor interacting effect for gender and
age; therefore, the gender and age groups were analysed
together. There was, however, a statistically significant
difference in performance between the ADHD and control
groups: F(3, 149) = 10.54, p < 0.001, ’1; =0.18. Post hoc analysis
(Bonferroni) revealed that there was a statistically significant
difference in performance between both the ADHD-PI and
ADHD-C presentations and the control group (p <0.001). The
ADHD-PI and ADHD-C subtypes used significantly more
moves than the controls. There was no significant difference
in the number of moves used by the ADHD-HI subtype when
compared to the controls.

Time taken to complete the task

There was neither main nor interacting effect for gender and
age. Therefore, the gender groups were not analysed
separately. There was, however, a statistically significant
difference in performance between the ADHD and control
groups: F(3,149) = 11.52, p < 0.001, 775 =0.19. Post hoc analysis
(Bonferroni) revealed that the differences between the
ADHD-PI and ADHD-C and the control group were
statistically significant, both at the p < 0.001 level. The
children with ADHD-PI and ADHD-C took significantly
more time than the controls to move the beads. There was no

TABLE 1: Demographics of the sample (N = 156).
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Variables ADHD Control
N % M sD N % M SD
Gender
Male 38 244 - - 38 24.4
Female 40 25.6 - - 40 25.6
Age group
6-10 15 9.6 9.47 119 15 9.6 9.60 1.18
11-15 63 404 12.24 1.25 63 404 1232 1.36
Language
Sepedi 72 46.2 - - 72 46.2
Xitsonga 6 3.8 - - 6 3.8
Presentation
ADHD-HI 12 7.7
ADHD-PI 30 19.2
ADHD-C 36 23.1
Total 78 50 - - 78 50

ADHD, attention-deficit/hyperactivity disorder; ADHD-HI, hyperactive-impulsive presentation;
ADHD-PI, predominantly inattentive presentation; ADHD-C, combined presentation; M, mean;
SD, standard deviation.

significant difference in the time taken by the ADHD-HI
presentation when compared to the controls. Effect sizes (nf))
of 0.18 (number of moves) and of 0.19 (time taken) are
considered to be large.*”

Discussion

The study compared the performance of children with
ADHD and a non-ADHD control group on measures of
behaviour planning and problem-solving. No gender and
age differences on task performance were found in this
study. This was consistent with the study done by Biederman
et al.® and Seidman et al.* who also found no significant
differences between males and females with ADHD and
neurotypically children. Several studies have reported that
children with ADHD scored significantly lower on tests that
measure especially planning, problem-solving, mental
flexibility and spatial working memory than their matched
peers 504424 However, Houghton et al.*did not find that the
ToL discriminated between children with and without
ADHD. This was also the conclusion of a Mexican study.
Yanez-Tellez et al* found a great variety of cognitive
deficiencies in children aged 7-12 years with ADHD, but the
ToL could not differentiate between them and a control
group without ADHD.

Chhabildas et al.* have suggested that EF deficits in ADHD
can be mainly accounted for by symptoms of inattention.
Attention problems of ADHD usually occur in situations
where stimuli are widely spaced in time. There are indications
that development of functional units of behaviour, or
performance of integrated behavioural sequences is
hampered in children with ADHD when the task gets
increasingly complicated or demands higher level
processing.*#%4° Children with ADHD has the inability to
finish tasks, organise and sustain efforts as well as
forgetfulness. The literature shows that they were found to
be poor problem-solvers, by selecting the most relevant
information included in the problems and they remembering
smaller amounts of relevant and a greater amount of
irrelevant information when compared to neurotypically
children®*" This might be the result from changed
motivational processes and they seemed to be evident when
the ability to concentrate is stressed by the task being
unwelcomed or uninteresting.”®> According to Oosterlaan
et al.,”® poor performance on the ToL is indicative of ADHD
children making the first move before they had successfully
generated an appropriate solution to the problem. Therefore,
the fast planning times in ADHD children could be interpreted

TABLE 2: Analysis of variance: Number of moves and time taken for the Tower of London.

Variables ADHD ADHD-HI ADHD-PI ADHD-C Control Group comparison Post hoc )4

N =78 (50%) N =12 (8%) N =30(19%) N =36 (23%) N =178 (50%) ANOVA DF (3, 148)

M SD M SD M SD M SD M SD F P 7
Moves 46.06 27.82 32.00 23.28 50.03 28.32 47.44 28.02 27.32 17.10 10.54  <0.001 0.18 PI, C > Control <0.001
Timet 117.32 88.98 94.42 45.90 132.13 119.88  112.61 66.76 51.52 37.51 11.52 <0.001 0.19 PI, C> Control <0.001

ADHD, attention-deficit/hyperactivity disorder (all presentations); ADHD-HI, hyperactive-impulsive presentation; ADHD-PI, predominantly inattentive presentation; ADHD-C, combined presentation;

ANOVA, analysis of variance, M, mean; SD, standard deviation; DF, degree of freedom.
T, In seconds.
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as impulsiveness which does not arise from a tendency
towards fast motor response and equivalent to poor
performance because of sustained inattention. The impulsive
behaviour may aggravate the inattention problems that cause
poor performance.

The results show that children with ADHD are significantly
more impaired on measures of planning behaviour and
problem-solving, especially the ADHD-PI and ADHD-C
presentations when compared to ADHD-HI and the control
group of non-ADHD children. The ADHD-C presentation’s
poor performance indicated that children with symptoms
of both inattention and hyperactivity-impulsivity are
struggling to perform tasks by not being able to select
strategies that entail reasoning. The findings were consistent
with the study conducted by Sarkis et al.** who found that
the ADHD-C subtype performed significantly worse than the
non-ADHD groups on the TOL. Similarly, Pila-Nemutandani
and Meyer,” Schmitz et al.” Mokobane et al.?> and Solanto
et al.® noticed that children with the ADHD-C presentations
were deficient in behavioural planning and that they faced
more difficulties when compared to both the ADHD-HI
and ADHD-PI presentations and a control group of non-
ADHD children. Saydam et al.* also found that ADHD-C
presentations had impaired planning strategies compared to
the ADHD-PI presentation.

Generally, children diagnosed with ADHD-C struggle to
remember instructions and to plan new strategies in a
different situation.’® Children with ADHD-C had problems
carrying out tasks to their conclusion and paying attention to
instructions, and they were quick and disorderly when they
plan their tasks.

However, the current study differs from the study by Houghton
et al.* who found that the TOL did not discriminate children
with and without ADHD. On the contrary, Geurts et al.” found
conflicting results amongst children with ADHD-C and ADHD-
PI; however, these children did not differ from the controls on
any of the planning measures with increasing planning load.
The incongruences between the Geurts et al.? study and the
findings of this study may be because of a smaller sample that
they used. Further, the current research results differ with the
findings of Barkley,” who suggested that deficits in EF
(behaviour planning and problem-solving) are related only to
ADHD-C not to ADHD-PI and ADHD-HI. Barkley’s findings is
supported by several other studies which show that ADHD-C
is accompanied by more serious impairment than ADHD-PL%
Therefore, the ADHD-C and the ADHD-PI presentations
seemed to have more difficulty in planning ahead than the
ADHD-HI and the non-ADHD comparison group.

The posterior parietal cortex is connected with the PFC and has
been shown to represent neural correlates of decision-making
and planning.” These areas, especially the prefrontal areas,
seem to be dysfunctional in children with ADHD, probably
because of a hypofunctioning mesocortical dopamine branch,
causing deficient attention and poor behavioural organisation.™
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Implication

Children with ADHD usually are hasty and disorderly
when they plan behaviour.” They have a compromised
learning ability at school, which makes it difficult for them
to apply new skills. It is essential that teachers and parents
recognise children with ADHD early so that they can
provide appropriate and effective intervention. Early
referrals and necessary follow-up treatment at an early
age is essential. In this regard, early pharmacological and/
or behavioural treatment should be provided when
applicable.

Limitations

The sample size was small, especially when the ADHD group
was subdivided into three presentations. This may have
influenced on the statistical outcome. Caution should be
exercised when generalising these results to all South African
children as the sample was homogeneous, consisting of rural
Sepedi and Xitsonga speaking children only from the same
geographical area. It is recommended for future studies to
include more language groups. The TOL instructions should
be standardised in different languages.

Conclusion

The goal of the study was to assess the behaviour planning
deficits in children with ADHD. The study showed that
especially the inattentive and combined ADHD presentations
have problems with planning, and problem-solving using
the TOL.
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