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Abstract

Background
Attention-De�cit/Hyperactivity Disorder (ADHD) is associated with de�cits in cognitive functions. Spatial ability (SA) which plays a crucial role in
different domains of academic and daily life is constructed with eight separate and uni�ed factors.

Method:
The �rst objective of this study was to explore differences in SA factors in 128 school children of third to sixth grade with and without ADHD. The
second objective of the study was to explore the SA factors' ability to predict the performance of ADHD participants in three executive functions.
The Flexibility of Closure, Closure Speed, Perceptual Speed, Visualization, Spatial Relation, Spatial Orientation, Spatial Temporal, and Way�nding
were measured through eight tasks.

Results
Participants with ADHD were less accurate in all the tasks except Spatial Temporal task, and their reaction time was more in Visualization, Spatial
Relation, and Spatial Orientation tasks comparing to children with typical development. Regression analysis exhibited that some of SA factors were
able to predict working memory and cognitive �exibility, but they could not predict response inhibition.

Conclusion
Regarding these results, it seems necessary for specialists to include assessment of all SA factors and to train them in cognitive rehabilitation
programs for children with ADHD.

Introduction
Attention-de�cit/hyperactivity disorder (ADHD), a common neurodevelopmental disorder which is diagnosed by symptoms of inattention,
hyperactivity, and impulsivity, can cause a de�cit of activity in two or more settings of daily life in about 5 to 7% of children (1, 2).

At the cognitive level, symptoms of ADHD are often explained by dysexecutive functioning (3). Cognitive de�cits such as de�cits in attention and
executive functions (EFs) have frequently been proved in ADHD people (3). Spatial ability (SA), one of the main cognitive functions, is probably
defective in children with ADHD (4). A poor spatial skill can in�uence various aspects of a person’s daily life, from problems with the ability to
interpret graphs and tables, academic skills such as reading and mathematics to failures like getting lost or spending time to remember where
things are (5–7).

The term of spatial ability (SA) is an umbrella term that refers to “the skill in representing, transforming, generating, and recalling symbolic,
nonlinguistic information” (8). A theoretical framework for SA was presented by Uttal and colleagues (9). They stated that the spatial tasks could
be divided along two dimensions, intrinsic-extrinsic dimension, and static-dynamic dimension, the �rst one differentiates spatial relations inherent
to objects, such as the location of object parts, with spatial relations among objects and between objects and the larger space around them, such
as way�nding. While the second contrasts tasks based on whether they involve movement or transformation. Based on these two dimensions, a
2*2 classi�cation of spatial skills was developed (intrinsic-static, intrinsic-dynamic, extrinsic-static, and extrinsic-dynamic, 9). Yilmaz collected eight
factors from previous meta-analysis and factor-analysis, decided that these factors cover the whole nature and construction of SA (10). We
assumed that based on the nature and construction of eight factors, three factors of Closure Speed (CS), Flexibility of Closure (FC), and Perceptual
Speed (PS) can be located in the intrinsic-static cell, two factors of Visualization (VIS), and Spatial Relation (SR) in the intrinsic-dynamic cell,
Spatial Orientation (SO) factor in the extrinsic-static, and Spatial Temporal ability (ST), and Way�nding (WF) in the extrinsic-dynamic cell. (The
de�nition of eight factors are mentioned in Table 1).

Due to technical limitations, Table 1 is provided in the Supplementary Files section.

It has been proven that the parietal lobe underlies different aspects of attention (11, 12), while its essential role in processing spatial information
should be taken into account. It has been shown that different parts of the parietal lobe especially the posterior parietal cortex underpinned spatial
ability tasks (13, 14). It is also notable that in the �nal level of perceptual processing, all of spatial information from other areas of brain come
together in the inferior parietal lobule (IPL) to integrate the action and semantic knowledge required for complex tools used in daily life (15). At the
neural level, structural brain imaging techniques were approved abnormalities in the parietal lobe in individuals with ADHD such as abnormal and
smaller gray matter volumes (16, 17). Functional neuroimaging indicated that children with ADHD have less activation in the right parietal-occipital
areas and the IPL while performing a mental rotation task (18), they also have hypoactivation in the left superior parietal lobe (SPL) while doing
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Raven’s Standard Progressive Matrices (19), and dysfunction in posterior parietal regions during executing the Rapid Visual Information Processing,
and Pattern Recognition Memory tasks from the CANTAB (20). Accordingly, it could be assumed that children with ADHD had di�culty at least in
some of the SA factors.

A neuroimaging study found children with ADHD, compared with typically developing children, have weaker functional connectivity between
prefrontal and parietal cortices (19). One of the prefrontal cortex functions is related to EFs. Three core EFs include working memory, cognitive
�exibility, and response inhibition (3). It has been proposed that symptoms of ADHD stand up a central de�cit in a speci�c EFs domain such as
response inhibition or working memory (21–24). However, the performance relations and impacts of posterior parts of the brain and prefrontal
cortex have not examined via behavioral experiments in children with ADHD.

Several behavioral studies have focused on SA impairments in children with ADHD (25–37), although some of the studies did not show the
existence of any differences in spatial tasks between the performance quality of children with ADHD and typically developing children (38–42). The
reason for many inconsistencies might be due to the fact that not only the unity of SA is not precisely de�ned, but also not even a single
appropriate test is used to measure these factors in various researches. In respect to SA factors, few studies have focused on SA factors separately
in ADHD children (30, 37 and, 39). It must be noted that VIS, SO, ST, and WF factors have not been investigated in this group of children yet.
Therefore, examination of all SA factors using suitable tasks to measure the nature of each factor speci�cally, could increase our knowledge about
the cognitive pro�le in children with ADHD. Furthermore, since there is a strong evidence of de�cits in structure and activation of the parietal lob in
children with ADHD, we hypothesized that SA was also defective in this group of children which can affect functions of the prefrontal cortex as
well. Altogether, in this study we aimed to compare eight factors of SA between ADHD and typical developmental (TD) children. The second aim of
the study was to examine the predictability of SA on three core EFs in ADHD TD and children

Method

Participants
One hundred twenty-eight children aged between 9 to 12 years old participated in this cross-sectional study as two TD and ADHD groups. They
were selected in Tehran city during the autumn and winter of 2019. Sixty four children (14 females and 50 males) with the mean age of 10.02
(0.98), were diagnosed to be ADHD (combined type) by two psychiatrists according to the Diagnostic and Statistical Manual of Mental Disorders –
Fifth Edition (1) criteria were put in ADHD group. They were selected through purposeful sampling among children who their parents �lled an
informed consent form, Demographic information questionnaire, and Conners’ Parent Rating Scale (short form; 43). TD group included 64 children
(29 females and 35 males) with the mean age of 9.97 (0.99). Multi stage sampling was done for selecting TD children from two elementary
schools. A letter was sent to more than 10 schools to recruit the required number of participants. After the initial contact, the two schools which
agreed to participate in the study selected randomly. They were received a formal letter, an informed consent form, Demographic information
questionnaire, and Conners’ Parent Rating Scale (43) and sent them for parents. Finally, researchers selected the samples randomly among children
who their parents were volunteer and �lled all of the forms.The inclusion criteria for the ADHD group was getting scores above 60 in short form
version of the Conners’ Parent Rating Scale (43) and for TD group was getting scores below 38 on this scale (44). The exclusion criteria for both
groups included intellectual disability, autism spectrum disorder, physical conditions (i.e., visual, hearing, heart, rheumatic, orthopedic), neurological
disorder, and regular use of medication except Methylphenidate. Psychiatrists decided about exclude children from ADHD group. For TD group,
researchers investigated information available at schools (children’s records) in order to insure they did not suffer from signi�cant psychological or
physical de�cits.

Although for regression analysis we needed 80 children in each groups (power = 0.80) but we were not able to replace the excluded samples
because of our time limitation.

Material And Method

Conner's Parent Rating Scale-48 (43)
This is a 48-items questionnaire, which includes 6 hyperactivity factors including attention de�cit, behavioral disorder, impulse disorder,
hyperactivity, psychosomatics disorder, and anxiety disorders. In a study by Khoushabi, validity of the questionnaire was estimated by Cronbach
alpha equal to 93% in the Iranian population (44).

Battery of SA task (45)
This battery comprises eight modi�ed computerized tasks which assess all the factors of SA separately (See Table 1). The Accuracy score (ACC),
and Reaction Time of correct responses (RT) were calculated in this battery as variables. In a recent study, the Test-retest reliability of ACC (0.689 to
0.992), and RT (0.963 to 0.997) were reported high and very high for all tasks (45). The tasks are described as follows:
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Flexibility of Closure task. This task is a modi�ed version of the �gure-ground discrimination subtest of the Test of Visual Perception Skills-Revised
(TVPS-R; 46). It includes 16 items with two practice items. During a test, a shape is displayed on the top of the screen and four patterns with
complicated and conglomerated ground present on the bottom. Participants are asked to found shape in one of the four patterns and press the
number of correct answer on keyboard. Response time for selecting an answer to each item is restricted to 10 seconds.

Closure Speed task. This task is a modi�ed version of the visual closure subtest of the TVPS-R (46). It consists of 16 items with two practice items.
An incomplete shape is presented on the top of the screen and four complete shapes are placed on the bottom of screen for each item. Participants
should imagine the completed shape and match it with one of the shapes on the bottom of screen and press the number of correct answer on
keyboard. Response time to each item is restricted to 10 seconds.

Perceptual Speed task. This task is a modi�ed version of the Visual discrimination subtest of TVPS-R (46). It comprises 16 items with two practice
items. A shape is displayed on the top of the screen and the participant should determine which of �ve shapes on the bottom are exactly the same
as the shape on the top of the screen and press the number of correct answer on keyboard. Response Time to each item is restricted to 10 seconds.

Visualization task. This task is a modi�ed version of the paper folding task (47). The task consists of 16 items with two practice items. During this
task, participants should imagine folds applied to a piece of paper, without any representation of the folding action itself. The paper used is colored
differently on each side to make the back and forth sides distinct. Each of the 16 items represented a different paper shape. Orientation of folding
on paper is speci�ed by an arrow and location of folding is marked by dotted lines. Participants are asked to visualize that the folded paper
accordingly and select the matching picture among the four pictures. The choices remain on screen until the participants’ response and the
response time is recorded by the program.

Spatial Relation task. This task is a modi�ed version of the Animal mental rotation task (48). It consists of 48 items with two practice trials.
Participants are asked to �nd out if the two shown animal stimuli are identical or mirror images of each other. The stimuli include �gures of three
different animals (elephant, leopard, and horse). On a given trial, an animal is presented twice: A standard �gure of an upright-standing animal is
shown on the left side while a comparison �gure is on the right side. In half of the trials, the comparison �gure is rotated in picture plane and
identical (which are called as “same trials”) and in the other half of trials, the comparison �gure is mirror-reversed (which are called as “different
trials”). Half of the standard �gures are presented facing left, the other half facing right. The angular disparity between the two �gures (presented
on the left and right side of the screen) is 22.5°, 67.5°, 112.5°, or 157.5° clockwise and counter-clockwise (i.e., 202.5°, 247.5°, 292.5°, or 337.5°). In
each of the eight angular disparities, each pair of drawings is presented twice (once in a ‘same’ and once in a ‘different’ trial). At the beginning of
each trial, a 5-centimeters grey �xation square is presented for 500 milliseconds followed by the two stimuli �gures which want the participant to
answer the item by pressing key number 1 for “same” and key number 2 for “different”. Response time to each trial is restricted to 10 seconds.

Spatial Orientation task. Picture task was applied for measuring SO factor. This task developed by Zoest (49) based on Hegarty and Waller (50)
work. In each item of this task a picture is shown with one photographer standing in a scene with a lot of objects. The photographer in the picture is
taking a photo of what he can see from his perspective. Next to the picture, three photos are shown. For each photo, the participant has to detect
the matched picture based on the perspective of the photographer. Item remains until responses and the ACC and RT are recorded by the program.

Spatial Temporal task. This task is a modi�ed version of the interception task (51). This task is designed to assess the participants’ ability to
combine the speed and path extrapolation. The task includes a game-like interface in which a small circular target moves horizontally across the
top of the screen at one of the three preset speeds (175, 200, and 250 pixel/second). In this task, the participants should try and ‘hit’ the moving
circular target using a ‘missile’ that is launched from the lower right corner of the screen by pressing the spacebar on the keyboard. When the
spacebar is pressed, the missile moves straight up at a constant velocity equals to 175 px/sec to the point of intersection that is exactly 350 pixels
away from the launch point. Given the constant velocity of the missile, it takes 2 seconds for the missile to reach the intersection point. This is the
same across all trials. To successfully hit the target, the participants must release the missile (by pressing the spacebar) on time so that any point
of the circle (e.g., target) crosses the point of intersection. To make the task more di�cult, an extra waiting time of 575 milliseconds was added to
each of three preset speeds, therefore the overall starting waiting time (and hence, the initial starting point) for each circular target is increased,
resulting in 3 different trial types overall. Participants are asked to complete each of these 3 trials for 7 times, resulting in 21 trials overall. Before
beginning the actual trials Participants are given 5 random practice trials with varying speeds and waiting times to get themselves familiar with the
whole interface.

Way�nding task. This task was adapted from Mengue-Topio, Courbois, Farran, and Sockeel (52). It has three phases, including Memory for
Landmarks (ML), Learning the Path (LP), and Shortcut Distance (SD). The experimental virtual environment, required in this task is comprised of a
4 * 4 regular grid of streets lined with high brick walls. This virtual space is surrounded by distant landscapes providing no distinctive cues which
could be of help for the participants in way�nding. Three buildings and 17 landmarks are located in different places of the space. The buildings are
a “railway station” (A), a “store” (B), and an “apartment building” (C). This is projected onto a 1.20 * 1.50 meter screen. The distance between the
screen and the participants is 2 meters. Participants can explore the virtual town using a keyboard and a mouse. Pressing the backspace key on
keyboard affected forward movement and moving the mouse to the right or left side, controlled rotational movements inside the space.
Participants start navigation of the virtual environment from a �rst-person viewpoint at a constant velocity. The sum of landmarks correctly
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recognized by the participants in both paths is considered as a score of memory for the landmark phase (ACC). The Number of Trials (NT)
performed to reach the criteria on paths is added up for scoring of the learning phase. In the shortcut phase, the walked distance between two
buildings (meters) is calculated to identify the shortest path, therefore there are three variables for analysis in this task.

N-Back task
This task has been used in the assessment of working memory performance (53, 54). In the 1- back task, used in the present study, participants are
shown a sequence of stimuli and they have to indicate if the current stimulus matches the previous one. This Performance is assessed in terms of
accuracy. The validity of the task is reported between 0.29 to 0.91 in different studies (55).

Wisconsin Card Sorting Test (WCST)
This test was �rst designed by Grant and Berg and used for the measurement of cognitive �exibility (56). The participants are asked to match
several test cards to reference cards based on color, shape, or number of stimuli on the cards. After each matching, the provided feedback enables
the participants to �nd or con�rm the correct rule of classi�cation. After a �xed number of correct matches, the rule changes without notice, and
consequently, the participants must shift to a new model of classi�cation. The number of categories correctly sorted based on correct responses
and responses to a previously correct category can be classi�ed as perseverative responses. In the present study, a computerized short form of test
with 64 cards was used (57). The reliability and validity of the test have been proved (58).

Go/No-Go task
This task has been used for the measurement of response inhibition (59, 60). In this task, after a small plus in the middle of the computer screen as
a �xation point, a plane appears for 500 ms and participants have to indicate the direction of the plane with one of four arrow keys on the keyboard
during 2000 ms. In some trials called No-Go, 20% in the present study, one beep sound presented after the airplane and participants have to
withhold the response in this trial. The measures of this task include reaction time and accuracy of Go trials and accuracy of No-Go trials.

Procedure
Parents have �lled in the consent form, and Conner's scale after reading explanations about the objectives and procedure of the research. ADHD
and TD children were tested individually in a quiet room. The Unity software was used to program and run the experiments. Each task was
preceded by a practice phase, and before starting the test phase all children were asked to repeat the task instructions to ensure that they
understood. All tasks were presented in the same order for all participants on a 15-inch PC screen. Children viewed from a distance of
approximately 60 cm. The battery of spatial ability tasks and executive function tasks administered to the children in three sessions of 40 minutes.

Statistical Methods
Statistical analysis was performed with SPSS version 22 (SPSS Inc., Chicago, IL, USA). Data were summarized using mean ± standard deviations
and 95% con�dence intervals for continuous variables and percentages for categorical data. To assess the equality of two groups for gender ratio,
Chi-Square Test was applied. Test of normality (Kolmogorov-Smirnov) revealed non-normal distributions for the variables. Therefore, the Mann
Whitney Test (U statistic) was used to compare the difference between the two groups. Multiple regression analysis was used to test if the SA
factors (ACC of FC, CS, PS, VIS, SO. SR, ST, and ML, LP, and, SD as WF variables) signi�cantly predicted participants' EFs (ACC of N-back, the
number of cluster, perseveration errors in WCST, the accuracy of Go trials, and accuracy of No- Go trials in Go/No-Go task) in ADHD and TD groups.

Results
Basic information is shown in Table 2. There were no statistically signi�cant differences for age (z = -0.21, P = 0.83), and educational grade (z =
-0.48, P = 0.63) between the two groups. All Conner's Parent Rating Scale (ADHD symptoms) were signi�cantly higher for ADHD group than TD
group (z = -9.64, P ≤ 0.001). Furthermore, Chi-Square Test has shown that gender ratios between ADHD and TD groups do not differ (P = 0.081).
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Table 2
Basic information

Variables ADHD (f = 14, m = 50) TD (f = 29, m = 35) z

Mean (SD) Median Mean (SD) Median

Age 10.02 (0.98) 10.02 9.97 (0.99) 10.01 -0.21

Education grade 4.09 (1.16) 4 3.95 (0.99) 4 -0.48

Conner’s scale 67.73 (4.30) 67 26 (14.23) 24 -9.64*

*p < .001

Abbreviation. f = female, m = male, SD = standard deviation

Comparison of Spatial Ability variables between ADHD and TD groups

The analyses showed that the children with ADHD were less accurate than the TD children in FC (z = -2.09, P = 0.036), CS (z = -3.85, P = 0.001), PS
(z = -5.17, P = 0.001), VIS (z = -5.22, P = 0.001), SR (z = -3.40, P = 0.001), SO (z = -3.75, P = 0.001) tasks, and ML phase of WF task (z = -3.39, P ≤ 
0.001). Number of trials in LP, and walked path in SD phase of WF task were more (z = -2.69, P = 0.007; z = -2.90, P = 0.004) in ADHD group
(Table 3), besides ADHD and TD groups were signi�cantly different in the RT variable of VIS (z = -3.62, P = 0.001), SR (z = -5.20, P = 0.001), and SO
(z = -2.84, P = 0.005) tasks (Table 3).

Table 3
Comparison of spatial ability variables between ADHD and TD groups.

Tasks Variables ADHD TD z

Mean (SD) Median Mean (SD) Median

Flexibility of closure task ACC (%) 67.48 (15.99) 68.75 73.63 (14.50) 75.00 -2.09*

RT 64.73 (12.99) 66.09 63.06 (18.40) 60.53 -1.70

Closure speed task ACC (%) 68.84 (15.71) 70.59 81.84 (12.13) 81.25 -3.85**

RT 84.81 (28.05) 78.9 75.57 (17.42) 75.98 -1.58

Perceptual speed task ACC (%) 61.95 (19.32) 64.71 80.47 (11.27) 81.25 -5.17**

RT 71.48 (30.54) 67.29 65.80 (18.64) 60.29 -0.82

Visualization Task ACC (%) 44.44 (17.43) 44.44 61.81 (15.41) 61.67 -5.22**

RT 59.94 (27.08) 63.84 80.53 (28.65) 79.04 -3.62**

Spatial relation Task ACC (%) 61.52 (17.21) 58.33 72.56 (20.56) 75.00 -3.40**

RT 89.65 (33.77) 86.40 60.15 (24.72) 57.25 -5.20**

Spatial orientation Task ACC (%) 43.75(20.27) 38.89 56.51(19.61) 61.11 -3.75**

RT 61.92(38.31) 52.51 77.48(35.15) 81.64 -2.84**

Spatial temporal task ACC (%) 60.54 (19.1) 62.00 73.63 (14.50) 75.00 -1.28

Way �nding Task ML ACC (%) 71.44 (9.19) 73.00 79.59 (13.19) 81.25 -3.39**

LP NT (%) 52.50 (12.97) 50.00 46.87 (7.75) 50.00 -2.69**

SD Meters 36.20 (7.02) 35.37 32.21 (7.91) 32.03 -2.90**

*p < .05, ** p < .001

Abbreviation. ACC = accuracy score, SD = standard deviation, RT = Reaction times of corrected responses.

Comparison of Executive Functions variables between ADHD and TD groups

According to Table 4 there were signi�cant differences in all EFs variables between two groups, that is described as follows; ACC of N-back (z =
-3.34, P = 0.001); number of Clusters (z = -6.80, P = 0.001), and perseveration error (z = -6.59, P = 0.001) of WCST; number of No-Go trials (z = -5.46,
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P = 0.001), number of Go trials (z = -3.00, P = 0.001), and Go speed (z = -0.84, P = 0.008) of Go/No-Go task between two groups.

Table 4
Comparison of executive function variables between ADHD and TD groups.

Tasks Variables ADHD TD z

Mean (SD) Median Mean (SD) Median

N-Back ACC (%) 79.27 (17.54) 87.50 87.58 (13.92) 95 -3.34**

WCST Perseveration error (%) 29.39 (11.31) 27.34 16.63 (8.46) 14.48 -6.59**

Clusters (%) 48.96 (18.27) 50 71.61 (14.14) 66.67 -6.80**

Go/No- Go No-Go (%) 81.14 (17.63) 80.77 94.73 (7.21) 96.15 -5.46**

Go (%) 84.83 (15.98) 87.50 92.12 (7.86) 95.83 -3.00**

Go Speed (S) 1.21 (0.31) 1.26 1.33 (0.19) 1.31 -0.84*

*p < .05, ** p < .001

Correlation between Spatial Ability factors and Executive Functions in the two groups

Table 5 illustrates the correlations between the variables in ADHD group. There were signi�cant correlations between ACC of N-Back with ACC of FC
(r = 0.33, P = 0.008), CS (r = 0.55, P = 0.001 ), PS (r = 0.27, P = 0.034), VIS (r = 0.45, P = 0.001), SO (r = 0.53, P = 0.001), and ST (r = 0.31, P = 0.013);
number of Clusters of WCST with ACC of FC (r = 0.35, P = 0.004), CS (r = 0.39, P = 0.001 ), VIS (r = 0.28, P = 0.027) and, SR (r = 0.37, P = 0.003);
perseveration error in WCST with CS (r = -0.28, P = 0.024 ); number of No-Go trials of Go/No-Go with ACC of CS (r = 0.30, P = 0.015).

Table 5
Correlation between spatial ability factors and executive function in ADHD group.

Tasks Dependent Variables FC CS PS VIS SR SO ST ML LP (NT) SD (Meters)

N-Back ACC 0.33** 0.55** 0.27* 0.45** 0.20 0.53** 0.31* 0.21 0.06 -0.10

WCST Clusters 0.35** 0.39** 0.17 0.28* 0.37** -0.08 0.09 -0.06 0.21 0.05

Perseveration Error -0.21 -0.28* -0.08 -0.24 -0.09 -0.11 -0.04 0.15 -0.12 0.04

Go/No- Go No-Go -0.04 0.30* 0.13 0.16 0.16 0.13 0.10 -0.08 -0.01 0.10

Go 0.04 0.12 0.10 -0.07 -0.12 -0.01 0.10 0.12 -0.14 -0.05

*p < .05, ** p < .001

Also the correlations between the variables in TD group are described. There were signi�cant correlations between ACC of N-Back with ACC of PS (r 
= 0.43, P = 0.001), SR (r = 0.30, P = 0.008), ML (r = 0.32, P = 0.005), and LP (r = -0.32, P = 0.005); number of Clusters of WCST with ACC of VIS (r = 
0.41, P = 0.001 ), ML (r = 0.35, P = 0.002 ), and LP (r = -0.46, P = 0.001); perseveration error in WCST with VIS (r = -0.36, P = 0.002 ), ML (r = -0.29, P = 
0.011), and LP (r = 0.32, P = 0.005 ); number of No-Go trials of Go/No-Go with ACC of FC (r = -0.32, P = 0.005), and number of Go trials with FC (r = 
0.24, P = 0.026), PS (r = 0.26, P = 0.019), ST (r = 0.29, P = 0.009), and ML (r = 0.36, P = 0.002, Table 6).

Table 6
Correlation between spatial ability factors and executive function in TD group.

Tasks Dependent Variables FC CS PS VIS SR SO ST ML LP (NT) SD (Meters)

N-Back ACC 0.07 0.12 0.43** 0.06 0.30* 0.19 0.20 0.32** -0.32* -0.18

WCST Clusters 0.17 0.15 0.10 0.41** 0.13 0.10 -0.08 O.35** -0.46** -0.05

Perseveration Error -0.22 0.01 -0.09 -0.36** -0.17 -0.20 0.10 -0.29* 0.32** -0.01

Go/No- Go No-Go -0.32* -0.06 -0.12 0.07 0.07 -0.24 -0.22 -0.03 -0.13 0.21

Go 0.24* 0.14 0.26* 0.16 0.05 0.14 0.29** 0.36** -0.10 -0.02

*p < .05, ** p < .001
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Predictability of Executive Functions by Spatial Ability factors on in the two groups

Multiple regression analyses were used to test if the SA factors signi�cantly predicted the EFs in ADHD and TD groups.

Working Memory
A signi�cant regression equation was found, F = 5.95, P < 0 .001 with an R2

adj = 0.440. ACC of N-Back task was signi�cantly predicted by ACC of
these tasks in ADHD group: CS (β = 0.65, P = 0.001), PS (β = -0.33, P = 0.039), SO (β = 0.33, P = 0.019), and SD (β = -0.31, p = 0.008) of WF. Also, a
signi�cant regression equation was found for TD group, F = 2.89, P < 0.001 with an R2

adj = 0.231. ACC of N-Back task was signi�cantly predicted by
ACC of these tasks in TD group: PS (β = 0.35, P = 0.015), and LP (β = -0.24, P = 0.048) of WF (Table 7).

Table 7
Comparison of predictability of spatial ability factors on working memory (N-Back task) in two groups.

Group Predictive Variables ( )   R2 R2
adj

F

FC CS PS VIS SR SO ST ML LP SD (Meters)

ADHD 0.07 0.65** -0.33* -0.08 0.06 0.33* 0.11 0.08 0.03 -0.31** 0.529 0.440 5.95**

TD -0.12 -0.07 0.35* -0.07 0.26 -0.10 0.14 0.14 -0.24* -0.09 0.353 0.231 2.891**

*p < .05, ** p < .001

Cognitive Flexibility
A signi�cant regression equation was found, F = 4.79, P < 0 .001 with an R2

adj = 0.375. Number of clusters in WCST was signi�cantly predicted by
ACC of these tasks in ADHD group: FC (β = 0.28, P = 0.033), CS (β = 0.68, P = 0.001), SR (β = 0.35, P = 0.008) and, SO (β = -0.43, P = 0.004). Also, a
signi�cant regression equation was found for TD group, F = 4.05, P < 0 .001 with an R2

adj = 0.326. Number of clusters in WCST was signi�cantly
predicted by ACC of these tasks in TD group: VIS (β = 0.44, P = 0.001), ML (β = 0.26, P = 0.034), and LP (β = -0.40, P = 0.001) of WF (Table 8).

Table 8
Comparison of predictability of spatial ability factors on cognitive �exibility (WCST) in two groups.

Dependent
Variables

Group Predictive Variables ( )   R2 R2
adj

F

FC CS PS VIS SR SO ST ML LP SD
(Meters)

Clusters ADHD 0.28* 0.68** -0.13 -0.10 0.35** -0.43** -0.09 -0.16 0.03 -0.23 0.475 0.375 4.79**

TD 0.05 -0.07 -0.12 0.44** -0.09 -0.08 -0.03 0.26* -0.40** -0.09 0.433 0.326 4.05**

Perseveration
Error

ADHD -0.12 -0.53* 0.22 0.06 -0.09 0.02 0.07 0.24 -0.02 0.17 0.194 0.041 1.27

TD -0.22 0.31* 0.17 -0.31* -0.05 -0.08 0.08 -0.22 0.29* 0.01 0.335 0.209 2.67*

*p < .05, ** p < .001

The results indicated that the regression equation was not signi�cant in the perseveration error variable in WCST task in ADHD group (F = 1.27, P = 
0.270 with an R2

adj = 0.041). However, a signi�cant regression equation was found for TD group, F = 2.67, P < 0 .05 with an R2
adj = 0.209. The

perseveration error was signi�cantly predicted by ACC of these tasks in TD group: CS (β = 0.31, P = 0.033), VIS (β = -0.31, P = 0.025), and LP (β = 
0.29, P = 0.020) of WF (Table 8).

Response Inhibition
The results showed that the regression equation was not signi�cant in the No-Go trials in ADHD group (F = 1.20, P = 0.315 with an R2

adj = 0.030)

and also, in TD group (F = 1.79, P = 0.84 with an R2
adj = 0.112, Table 9). Furthermore, the results indicated that the regression equation was not

noteworthy in the Go trials in ADHD group (F = 0.96, P = 0.484 with an R2
adj = -0.006) and also, in TD group (F = 1.51, P = 0.162 with an R2

adj = 0.075,
Table 9).
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Table 9
Comparison of predictability of spatial ability factors on inhibition (Go/No- Go Task) in two groups.

Dependent Variables Group Predictive Variables ( ) R2 R2
adj

F

FC CS PS VIS SR SO ST ML LP SD

No/Go ADHD -0.23 0.53* -0.15 -0.05 0.16 0.04 0.01 -0.21 -0.04 -0.06 0.184 0.030 1.20

TD -0.36* 0.05 0.07 0.16 0.16 -0.22 -0.09 0.01 -0.13 0.17 0.253 0.112 1.795

Go ADHD 0.11 0.37 -0.02 -0.22 -0.19 -0.20 0.14 0.17 -0.18 -0.11 0.154 -0.006 0.965

TD 0.16 -0.04 0.05 0.11 -0.03 -0.13 0.24 0.28 -0.04 -0.02 0.22 0.07 1.509

*p < .05, ** p < .001

Discussion
The present study was designed with two major goals. Firstly, we attempted to clarify the di�culties in eight factors of SA in children with ADHD.
Secondly, we evaluated the predictability of SA on the EFs. The results highlighted that the performance of children with ADHD was poorer than TD
in all the eight factors of SA except ST. Furthermore, the mean of RT in VIS, SR, and SO tasks was more in children with ADHD. We also found out
some of the SA factors not only were correlated with EFs but also predicted them in ADHD and TD children.

Spatial Ability In Children With ADHD
We measured all SA factors in the present study. We explored that ADHD children had more di�culty in performing all of the SA tasks, comparing
to the TD group. On the other hand, children with ADHD had de�cits in static-intrinsic, dynamic-intrinsic, static-extrinsic and dynamic-extrinsic skills
based on Uttal classi�cation (9).

In line with our study, it was reported that children with ADHD had problems in the FC factor which was measured with an Embedded Figure test
(30, 37) and SR factor which was examined with the Mental Rotation Moomies test in Jakobson and Kikas (29) study, and the Turning test and the
Spatial Relation test in Aman and colleagues study (26). All of these tasks together with the SR task were employed in the current study to examine
the ability of mental rotation of �gures. In contrast with our study, when the Gestalt Closure task was applied for measuring CS factor, in Kalff's
(30), and Mariani and Barkley's studies (39), children with ADHD did not perform differently from TD children. One possible reason for this
contradiction can be related to the level of di�culty of the Gestalt which is more di�cult than the Embedded Figure test and our CS task for
children. In the literature review, we found that some studies investigated spatial ability with different terms and measured this ability with
inappropriate tests such as the Benetton judgment line orientation, Benetton visual retention, and Rey Osterrieth Complex Figure that were not
speci�c for each factor of spatial ability. It’s worthy to note that none of the above-mentioned tests are related to the nature of spatial ability factors
(25, 28, 31, 32, 34, 35, and 40–42). At the neural level, anatomical and functional neuroimaging studies have revealed the difference in the parietal
cortex especially the IPL area in children with ADHD comparing to normal children (18, 19, 61, and 62). The parietal cortex particularly the IPL, has
known to be involved in many aspects of spatial processing and manipulation (14, 15). These �ndings may associate spatial ability problems in
ADHD group with an abnormality in the IPL.

Regarding the ST task, signi�cant differences were not found between the two groups. In tasks that measure ST ability such as our task,
participants are asked to predict not only where several moving objects will interrupt, but also to decide when this interception might occur. Thus,
this task is to evaluate the ability to represent time and use this information to calculate relative velocity, which is then used to extrapolate a viable
intercept, and to make an appropriate spatial judgment (63). Consequently, it can be inferred that performing the ST task needs the participant to
divide his/her attention since the ability to attend and respond to multiple tasks or task demands simultaneously divided attention (64). The fact
that children with ADHD have been reported to perform similar to, or better than children without ADHD on tasks that require divided attention, can
be the reason for a similar performance on the ST tasks in ADHD and TD groups (65).

One of our �ndings was related to differences between the mean of RT in the SA tasks in two groups of participants. In regards to the results,
children with ADHD consumed more reaction time than TD children in the VIS, SR, and SO tasks. SA factors are highly consistent with both the
hierarchical models e.g., Carroll (66), and the nonhierarchical Radex models of human intelligence(67). Both models suggest a complexity
continuum along which cognitive tasks can be organized. In these models, the more complex a task is, the more strongly it tends to be correlated
with general intelligence (G) and the higher it is placed in the hierarchy (in the hierarchical models) or the closer it is placed to the center of the
con�guration (in the Radex models). Besides, this complexity continuum nicely corresponds to the degree of central executive involvement. From
this perspective, more complex tasks such as the VIS, SR, and SO compared with the FC, CS, and PS tasks need more time for solving their items.
Since ADHD children, in general, have slower processing performance comparing to the typical population (68, 69), it seems logical that they need
more time to response more di�cult tasks.
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Prediction Of Executive Functions With Spatial Ability Factors
Considering our �ndings, children with ADHD performed all EFs tasks poorer than TD children. These results frequently proved in previous studies
(70, 71). Based on the second our aim, results indicated that working memory and cognitive �exibility were predicted by some SA factors in ADHD
children.

The regression analysis revealed that the working memory can be predicted by ACC of CS, PS, SO, and SD phase of WF tasks. These results are well
justi�ed by Baddeley and Hitch's working memory theory (72). The theory proposed a model containing three components: the central executive, the
phonological loop, and the visuospatial sketchpad. The CS factor is concerned with the speed of apprehending and identifying a visual pattern,
often in the absence of complete stimuli. Performance on the CS tasks (such our task) is likely to be aided by strategic mental searches of possible
shapes, and hence the contribution of visuospatial and executive components of working memory theory may be relatively high. The PS factor was
de�ned as the speed in �nding �gures and making comparisons between them. The concept of PS can be considered to be the centroid of several
sub-factors (73). The sub-factors have been de�ned as the speed of symbol discrimination, speed of making comparisons and speed of form
discrimination as in recognizing predetermined, but novel con�gurations (74). The ability to maintain spatial representations may be essential
ingredients of all these sub factors. SO factor requires considerable reasoning skill and participants may solve items by mentally rotating and
manipulating them rather than moving an image of the self to the desired perspective. Therefore, it requires maintaining orientation a visual pattern
and manipulating its mental representation in the mind. It can be deduced that two of the three components of working memory theory
(visuospatial sketchpad stores and central executive) involve in solving SO tasks. Working memory includes holding information in mind and the
SD phase of the WF task needs to hold possible paths information and to choose the shortest. Taken together, the prediction of working memory by
the CS, PS, SO, and SD in our study was not unexpected.

Our �ndings indicated that cognitive �exibility is predicted by ACC of the SO, FC, CS, and SR tasks. The ability to change perspectives spatially is
known to be one of the aspects of cognitive �exibility, concerning this (e.g., “What would this look like if I viewed it from a different direction?” fact
(3), the prediction of cognitive �exibility by SO factor in ADHD children is logical in the current study. We also found out that children’s performance
in the FC and CS tasks predicted the performance of them in WSCT. For an explanation of results, it may point to visual global and local
processing. To solve FC problems, children should �nd a hidden speci�c stimulus in a complex and ambiguous visual pattern. Finding a speci�c
stimulus depends on the ability to shift global processing to local processing, however children in CS tasks have to switch from local to global
processing to recognize incomplete stimulus. Since each item of FC and CS tasks contain four complex patterns, children must shift processing
quickly among the patterns. Furthermore, the answer to each trial of two tasks is consistent with the nature of cognitive �exibility. Finally, SR factor
was able to predict cognitive �exibility. This factor is de�ned by the tasks in which participants are required to determine whether the two presented
stimuli (animals in the current task) are identical or mirror images of each other. To overcome the challenge, the participant should frequently
switch between upright and rotated positions of animal in mind to understand two animals are the same or different, so cognitive �exibility partly
involves in solving the task. According to what was explained, it is logical to predict cognitive �exibility by mentioned spatial factors.

In our study, although children with ADHD had a de�cit in inhibitory control, this cognitive function was not predicted by any of the SA factors.
Inhibition is de�ned as the ability to revoke or suppress an action which is irrelevant, no longer needed, and/or inappropriate (75–77). Inhibition is
known to be divided into 2 subgroups of pre-potent response and resistance to distractor interference. However, the third component of inhibition is
de�ned by some as the coined resistance to proactive interference (76, 78). In the current study, we focused on pre-potent response inhibition and
utilized the Go/No-Go task for measuring it. Our spatial ability tasks didn't require to suppress a pre-potent stimulus, but it is not unlikely that
interference and proactive inhibition at least relate to some of the SA factors.

This is the �rst regression analysis that examines the prediction of EFs by SA factors on in ADHD children. Therefore, there is a requirement for our
�ndings to be con�rmed through the next researches. The results of our study indicated that children with ADHD are less accurate than TD children
in the three EFs tasks and also different aspects of the SA were related to major EFs tasks. Furthermore, they could predict the performance of
children with ADHD in two EFs tasks. These behavioral �ndings are in correspondence with neuroimaging evidence about inter-correlation between
the parietal and frontal coteries (19, 62, and 79).

The other �nding of this part of the study indicated that in TD as well as children with ADHD some of the spatial ability factors were able to predict
their performance in both working memory and cognitive �exibility. That way, the PS was able to predict working memory and ACC of the CS, VIS,
ML, and LP of WF tasks were able to predict cognitive �exibility. Spatial ability factors in children with ADHD were not able to predict response
inhibition, this result was the same in TD children. Since the existence of functional relationships and interactions between the parietal cortex and
the prefrontal cortex has been con�rmed, predicting the performance of TD children in some spatial factors on working memory, and cognitive
�exibility is rational. But the reason why different spatial factors in the two groups were able to predict the performance of these two executive
functions is probably due to the unusual interactions between the impaired prefrontal cortex and the parietal cortex in children with ADHD (19, 62,
and 79) and also can be to attributable to anatomical and clinical heterogeneity in this disorder (80). Functional neuroimaging studies are required
in both ADHD and TD children separately in order to an accurate understanding of this subject.
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Limitations And Future Directions
Concerning the current study, the following limitations are noteworthy. Firstly, ADHD is a clinically heterogeneous disorder with a high rate of
comorbid conditions, thus making it extremely di�cult to completely control the comorbidity of a representative sample of children with ADHD. In
the present study, ADHD was the main diagnosis, without any other diagnosis, although comorbid emotional or behavioral symptomatology may
exist in some cases, without constituting a disorder in themselves. Secondly, the sample size was small, speci�cally for regression analysis and
also the ADHD group was limited by the low number of females among the participants. Thus, the results of this study may be more applicable to
the male population with ADHD, which is the population that most frequently suffer this disorder.

Since our study showed that at least some of the SA factors and EFs impairments were related to each other and SA impairment re�ected the
disruption of EFs, we suggest to examine and report the effectiveness of various spatial training programs not only on the enhancement of spatial
factors but also EFS in people with ADHD. Besides, functional neuroimaging studies on ADHD people should take these cognitive functions into
account.

Conclusion
Our study adds to this research �eld results in favor of the existence of alterations in the spatial ability of children with ADHD. To our knowledge,
this was the �rst study that investigated SA de�cits comprehensively in children with ADHD. On the other hand, we proved that some SA factors
affect EFs. We can conclude that our study supported the hypothesis that EFs de�cits are an important component of the ADHD neuropsychology,
although they are not su�cient to fully explain its symptomatology (81). From a clinical point of view and regarding the importance of SA in daily
activities, for instance, academic skills during childhood, it seems to be necessary for experts to include assessment of all SA factors and training
them in cognitive rehabilitation programs for children suffering from ADHD.
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