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Summary

Aim. The aim of this experimental pilot study is to evaluate the effects of 25 metacognitive
interventions on planning skills in children with ADHD.

Method. Forty-five children with ADHD aged 7-12 years (M = 10.41; SD = 1.42) partici-
pated in the experiment along with a parent. The children were randomly assigned to one of
three groups, determining the type of metacognitive technique used in the training: (1) Mind
Maps, (2) Sketching, or (3) Control. They participated in 25 thematic meetings. They were
measured at the beginning and at the end of the trainings using the Conners Questionnaire
3 and the Park Map Test tools.

Results. Significant differences were found in the intensity of the mean scores for the
“Planning” variable between the first and second measurements (M1 = 6.13; SD1 = 0.35;
M2 =5.67, SD2 = 0.82) in the control group, and non-significant differences in the intensity
of the mean scores for the groups with Mind Maps and Sketching. The effect size for the
significant outcome is high (rc = 0.53).

Conclusions. In the children who did not participate in the training, the score worsened,
while the score of children in the experimental groups was unchanged.
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Introduction

Planning is recognized as one of the key executive functions responsible for higher-
order processes: thinking about future events, predicting the correct way to perform
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a task, and achieving a specific goal [1]. Improving these processes is important es-
pecially for children who, due to neurodevelopmental deficits, need special support
in this area [2, 3]. Children with attention-deficit/hyperactivity/impulsivity disorder
(ADHD) are among those at risk.

In Barkley’s neuropsychological model of executive function in children with
ADHD, planning is referred to as internalizing speech [4]. This element in the model is
conceptualized as the ability to create self-controlled instructions (a.k.a. inner speech).
By means of internalized speech, children can give themselves practical instructions to
help both in planning and in completing motor activities that have been started, creating
internalized rules of behavior [5]. In the case of children with ADHD, problems with
self-management in time and thus the ability to plan and make appropriate choices,
are among those more frequently cited by parents, teachers, and researchers [6, 7].
Children have difficulty with planning longer written forms, homework and note-
taking in class [8, 9], as well as the ability to read silently with comprehension and to
reflect on the text they are reading, multitasking unrelated to the task, and managing
themselves in time [4].

Barkley reviewed a selection of (in)effective ADHD therapies/interventions [10]
and noted that stimulation of executive functions can lead to their enhancement and
thus a reduction in ADHD symptoms [4]. Barkley [10] and DuPaul and Eckert [11]
indicated that time management strategies and academic interventions are more ef-
fective for changing the behavior of children with ADHD than traditional cognitive-
behavioral strategies. The significant impact of school-based interventions in the form
of ready-made educational programs is also recognized [2, 12].

Metacognitive interventions

Metacognition is understood as an approach that helps to recognize one’s cogni-
tive (in)abilities, monitor them, and choose strategies that can help to solve the dif-
ficulties one encounters during the learning process [13]. Mind Maps and Sketching
are recognized as interventions to enhance memorization, planning and organization
of material, and metacognition [14—17]. Research confirms that their regular use en-
hances selected executive functions (working memory, response inhibition processes,
emotional-motivational self-regulation) in children with ADHD [8, 14, 18, 19]. Visual
modalities for effective learning help children and adults to structure content, have
greater control over the issues being written down, and critical thinking or creativ-
ity [15, 19, 20]. In addition, visual methods have become a useful tool for teachers
assessing the level of understanding of the issues students are working on [16, 21].
Until recently, visual techniques were used to reinforce school skills; currently, they
are increasingly used in psychoeducation and (psycho)therapy [19, 22, 23].

In the Mind Maps technique, which was developed by Tony Buzan, the main con-
cept is represented by a radial structure; the most important issue has correspondingly
consecutive key words departing from the original category. Consequently, a radial
sun is formed in the middle of the page [16]. The drawing note, whose authorship is
attributed to Mike Rohde, is less structured. Its main advantage is the free representa-



Randomized clinical trial evaluating the effect of metacognitive interventions 791

tion of content through images and words [14, 17]. The literature indicates that the
effectiveness of these tools is based on Allan Paivio’s dual coding process (word and
image) [17]. The regular use of visual techniques (metacognition strategies) may be
related to neuroplasticity, the ability of the nervous system to regenerate and create
new connections, functions and structures resulting from stimulation or learning new
skills [14, 24, 25]. Morphometric changes (focal increases in grey matter volume in
the bilateral middle frontal cortex and right inferior-posterior cerebellum) have been
reported following cognitive (school) training for children with ADHD. These areas
are associated with attentional activity and reduced ADHD symptoms [25]. The reports
are consistent with experimental studies on the effects of metacognitive training in
children with ADHD [26, 27].

Aim of the study

The aim of the present pilot study was to evaluate the effects of two metacognitive
interventions (Mind Maps and Sketching) on planning skills in school-aged children
with ADHD compared to a control group (without intervention). It was hypothesized
that participation in the Mind Maps training would enhance the executive functions
responsible for planning in children with ADHD more than in children participating in
the Sketching training. There would be no significant improvement in planning skills
in the control group (without intervention).

Method
Study design

This randomized controlled trial (RCT) was designed according to Consolidated
Standards of Reporting Trials (CONSORT) guidelines [28]. The design procedure
should be divided into two phases: (1) the establishment of the Empirical ADHD
Research Team and its preparation to conduct classes with children, the development
of handouts for 25 thematic classes, the preparation of information leaflets for Lublin
primary schools and psychological-educational counseling centers (list downloaded
from the website of the Board of Education in Lublin), and the establishment of a Fa-
cebook Fanpage where the promotion of the event took place; and, (2) the phase in
which children were invited to the first meeting, during which the clinical interview
and the assessment of the child’s inclusion in the study with randomization took place.
The researchers formulated the following question: “Would the participation of school-
aged children with ADHD in metacognitive training enhance their executive functions
responsible for planning relative to children who did not participate in the training (the
control group of children with ADHD), and would participation in the Mind Maps
training enhance executive functions responsible for planning in children with ADHD
more than in children participating in the Sketching training?” For this purpose, chil-
dren were randomized into three groups: (1) with the Mind Maps intervention, (2) the
Sketching intervention, and (3) control children with ADHD without an intervention.
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Randomization of participants

A representative sample of 300 children with ADHD aged 7—12 (criterion: 2-3.4%
of children aged 7-12 have ADHD) [29, 30]. In the pilot study, it was assumed that
a sample size of 3x15 would be sufficient for exploration of the issue, preparing for the
study as outlined in the California Evidence-Based Clearinghouse for Child Welfare
(CEBC) protocols [31]. Participants who applied for the study were first invited to
an initial meeting with a psychologist. When a participant met the inclusion criteria,
a random number generator assigned them a number from 1 to 45 (1-15 being the
Mind Maps group, 1630 the Sketching group, and 31-45 the control group). When
the drawn number had already been assigned to another participant in the study, the
draw was repeated. Once the participant was allocated to group 1 or 2, an appointment
schedule was agreed upon with the parent and child. The child with a number between
31-45 was invited three months later for a second measurement and then could take
part in the training, outside the project. The whole randomization procedure was car-
ried out by the researcher, who did not conduct the training.

Training

The content of the activities and the way they were carried out in both groups was
identical (according to the lesson outlines), the only difference being the two types
of metacognitive interventions. In group 1, the children drew a Mind Map in accord-
ance with the topic of the lesson, which had a clear structure and followed Buzan’s
principles [17]. In group 2, the children were expected to make a Sketching appropri-
ate to the topic of the class, which had no clearly defined structure and in which no
words were allowed. For groups 1 and 2, classes were held twice a week and lasted
60 min. One child attended classes taught by 3 coaches, who rotated periodically in
delivering classes to different children (a safeguarding mechanism against the influ-
ence of uncontrollable variables such as rapport). The coaches signed up a week in
advance for classes with different children (the rule was not to have classes with one
child twice in a row). The coaches did not know the results of the survey from the first
measurement of the children. The thematic meetings were conducted according to the
effective learning principle of the Kolb cycle: a short experience related to the topic,
a child’s reflection from the activity, another activity, a theoretical completion of the
topic (trainer), a task for the child using the knowledge and skills acquired during the
activity. In between these elements, the child made parts of a Mind Map/Sketching. The
course of the exercises was the same in both groups. There was a total of 25 thematic
meetings and two meetings in which the children were examined with psychological
tests (at the beginning and at the end of the training) by an independent researcher who
did not conduct the training. Children in the control group were tested twice, at the
beginning of the project and after three months (equivalent to metacognitive training).

The research project was conducted at a university. It met the guidelines of the
Declaration of Helsinki and the Research Ethics Committee of the Institute of Psychol-
ogy of the Catholic University of Lublin (protocol code 09.06.2016).
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Participants

Overall, 47 children and their parents (N = 47) were enrolled in the project;
however, two children and parents from the intervention groups were excluded from
the study due to difficulties in meeting on time. In the end, 90 participants took part;
45 children with ADHD (M = 10.41; SD = 1.42) and their parents (N = 45). Children
who were 10-12 years old were eligible for the study. The mean age of the partici-
pants (M = 10.41; SD = 1.42) was comparable in all three groups (M = 10.25-10.46;
SD = 0.82-1.02). Most participants were boys (13 participants each in groups 1 and
3, 12 participants in group 2). Inclusion criteria: intellectual norm (documented on the
basis of a psychological and pedagogical opinion), psychiatrist-documented ADHD
(according to the ICD-10 Classification applicable during recruitment, defined as F.90
Hyperkinetic disorder), no other neurological diseases or chronic physical complaints
(exception: allergies). Medication taken was a controllable variable in this study. The
way in which the medication affected the child’s cognitive functioning was determined
from the medical leaflet. Medication with a positive effect on cognitive function was
taken by one child in group 1. Neutral medication (a set of vitamins) was taken by 3
participants (one child in each of the three groups).

Research tools

A toolkit was used separately for parent and child.

Parent: a clinical interview with the parent of a potential study participant, a ques-
tionnaire on the child’s health status and family situation, and the Conners ADHD
Diagnosis Questionnaire Set (3™ edition) used to diagnose ADHD, assess symptom
severity and presentation, and detect co-occurring disorders. The questionnaire contains
108 items to which the person is asked to respond on a scale from 0 (not true) to 3 (defi-
nitely true). In addition, two descriptive questions were introduced. The psychometric
properties of the tool are high (internal consistency (0.84-0.95) and stability for most
scales (0.85-0.93). The test has a Polish adaptation and norms [32].

Child: the Park Map test belongs to the Cognitive Function Diagnosis Battery
(PU-1) used to assess planning skills. The test is administered using a sheet and
pencil. The children are asked to draw a walking route on the Park Map according to
the instructions they have heard to go past the designated points. The assessment of
the test is based on the number of conditions met in the appropriate time. There are
7 conditions. When interpreting the results, it is possible to analyze both indicators
(time and conditions met). In this project, the analysis of the fulfilled conditions by
the children is taken as a planning indicator. The psychometric properties of this test
are satisfactory (Cronbach’s oo = 0.61) [33]. The battery has Polish standardization and
recommendation for psychological clinical diagnosis of children and adolescents [34].
The theoretical basis of the test is based on Barkley’s neuropsychological model of
executive functions of children with ADHD [4], which provides a consistent theoreti-
cal foundation for the present project.
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Results
Calculation strategy

The data analysis in this study was performed in the statistical software IBM SPSS
Statistics, version 26. The study assumes a confidence level of 0.05. Descriptive sta-
tistics will be presented in the first step, followed by a one-way analysis of variance
(ANOVA) to test whether there are statistically significant differences between the
groups before and after the intervention. Due to the number of subjects, the Games-
Howell post-hoc test will be applied. In the next step, the non-parametric Wilcoxon
sign test and measures of central tendency determine the direction of difference.
To indicate the effect size of a given test, a rank biserial correlation coefficient was
calculated for matched pairs — rc.

Children with ADHD with mixed symptom presentation

The scores obtained by the tested children ranged from 6 to 60 (Table 1), there-
fore all children met the criterion for ADHD with mixed subtype (min. 6). The mean
number of severity of the mixed ADHD index obtained by the subjects in the whole
group (M =40.13; SD = 14.31) exceeds the number of at least 6, thus indicating the
presence of this symptom above the accepted norm.

Table 1. Characteristics of mean scores on the Conners Questionnaire 3 for children
with mixed symptom presentation

ADHD with mixed symptom presentation
N =45 Norms*
M 40.13
SD 14.31
0-6
Min 6
Max 60

* The given norms were adopted on the basis of the average age of the children (M = 10.41).

Planning

The scores obtained by the tested children ranged from 2 to 7 (Table 2). The mean
number of conditions met across the group (M = 5.78; SD = 1.04) is within the age-
approved norms. The cut-off point between low and high scores is a value of 6 (Me = 6).
In the first measurement, the lowest number of fulfilled conditions was obtained by
children classified in the Sketching group (M = 5.40; SD = 1.24) and the highest num-
ber was obtained by children in the control group (M = 6.13; SD = 0.35). Despite this,
there were no statistically significant differences between the study groups in both
the first and second measures (F,(2.42) = 1.942; p =n.s.; F|(2.42) = 2.124; p = n.s.).
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In the next step, a non-parametric Wilcoxon sign test was performed. The result
shows significant differences in the intensity of the means for the “Planning” vari-
able between the first and second measurements (M, = 6.13; SD = 0.35; M, = 5.67,
SD, = 0.82) in the control group, and non-significant differences in the groups with
the Mind Maps and Sketching. A rank biserial correlation coefficient indicating the
effect size index for the significant outcome was also calculated (rc = 0.53). Its value
indicates that the effect is large. This means that the children who did not participate
in the training achieved significantly fewer conditions in the second measurement
than in the first one that should have been met, and the quantitative effect size is large.

Table 2. Presentation of mean and difference scores for the “Planning” variable
as measured by the Park Map Test

Planning

Group Mind Maps Sketching Control Norms

Measurement | I | I I I

M 5.8 6.27 54 5.67 6.13 5.67

SD 1.21 0.59 1.24 1.23 0.35 0.82

M, 6 6 6 6 6 6 -

Min 2 5 2 3 6 4

Max 7 7 6 7 7 7

ANOVA (measurement I, II) F(242)=1942,p=n..
F(242)=2124;p=ns.

Discussion of results

The aim of this pilot study was to evaluate the effects of two metacognitive in-
terventions (Mind Maps and Sketching) on planning skills in school-aged children
with ADHD compared to a control group (no intervention). It was hypothesized
that participation in the Mind Maps training would enhance the executive functions
responsible for planning in children with ADHD more than in those participating in
the Sketching training, while there would be no significant improvement in planning
skills in the control group.

The present study revealed several interesting points: 1) the results of the con-
ducted experimental study did not support the postulated research hypothesis and the
25 hours of metacognitive training did not enhance the executive functions responsible
for planning; and 2) the children who did not participate in metacognitive training
for three months worsened their planning executive functioning. Studies available in
the literature assessing planning function indicate that it is impaired in children with
neurodevelopmental disorders [6, 30]. However, there is a lack of reports that recom-
mend specific strategies to develop planning skills in children with ADHD. Available
programs based on a set of differentiated interventions often show enhancement of



796 Natalia Kajka, Agnieszka Kulik

selected executive functions, such as response inhibition or working memory, but
planning in these studies is unchanged or report very little improvement [26, 27, 35,
36]. Mind Maps and Sketching should ultimately influence the development of plan-
ning skills, in line with results in healthy children and adults. The reason for the lack
of significant differences between the measures may be due to the baseline level of
scores falling within the normal range in children with ADHD. An argument for this
is the data showing that children with the lowest executive function scores tend to
gain the most from programs targeting these functions [37]. Another reason could be
the predictability of the training structure (activity, Mind Map/Sketching, reflection,
Mind Map/Sketching, theory, Mind Map/Sketching, application —activity, Mind Map/
Sketching, summary), which created a situation of working in an imposed order and
did not require the child to self-organize. Another reason could be the duration of the
intervention, which was sufficient to sustain this skill, but insufficient to achieve a posi-
tive reinforcement of planning skills in relation to the first measurement.

The observed effect of deterioration in planning performance that occurred in the
group of children without intervention deserves more research attention and a larger
sample size in future studies. Indeed, if confirmed in the future, it could indicate re-
gression of skills related to executive functions by lack of stimulation. Similar effects
have been found in patients with frontal lobe disorders [38].

Research limitations and directions for further research

The assumption of a positive effect of metacognitive training on planning skills in
children with ADHD was not confirmed. Nevertheless, the pilot study presented here
suggests that it is worthwhile to undertake research on a larger sample, focusing on the
effect of regression of planning scores in the control group relative to the other groups
with the intervention and using more differentiated planning measurements [1, 6].

However, it should be borne in mind that the performed analyzes of non-parametric
tests are less conservative and the obtained results cannot be generalized to the entire
population. Therefore, the obtained results should be treated with caution. In the future,
it is worth examining children with other psychological tools measuring the ability to
plan, as well as enriching this dimension with the analysis of parents’ and teachers’
assessments. The possibility of including neurophysiological indicators in the research
also seems to be a valuable idea.
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