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Abstract

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder that
begins to emerge in childhood. This disorder is caused by an impaired prefrontal cortex (PFC)
development that affects executive functions, particularly in inhibition, resulting in loss of
cognitive and behavior control. This research aims to investigate the difference between
inhibition in ADHD and non-ADHD children ages 6-12 years old and between the three
subtypes of ADHD. Subjects in this study were children with ADHD (N=34) which consists
of the inattentive type (N=14), hyperactive-impulsive type (N=9), and combination type
(N=11), as well as non-ADHD children (N=34). This research used the causal-comparative
method. The instrument which was utilized in this study is The Stroop Color and Word test to
measure inhibition. Results of this research showed that there are differences in inhibition
between ADHD and non-ADHD children and between age 6-9 years and 10-12 years old

children. However, there is no difference of inhibition between three subtypes of ADHD.

Keywords: age range; Stroop Test; executive function

© The Author(s) / Attribution-NonCommercial-NoDerivs CC BY-NC-ND



Rahmi, I., & Wimbarti, S.

Inhibition in ADHD and non-ADHD children ages 6-12 years

1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common behavioral disorder in school-aged children
and is a major problem in children and adolescents today (Guldberg-Kjédr & Johansson, 2015; Saputro, 2004).
ADHD is a pattern of inattention, hyperactivity, and impulsivity that persists and disrupts one's developmental
function (American Psychiatric Association [APA], 2013). In a survey conducted by the National Institute of
Mental Health (NIMH) on children in America, ADHD ranks first in the list of mental disorders experienced by
children in America that is as much as 8.6% of the population (NIMH, 2009). Roberts, Milich, and Barkley
(2014) concluded that the prevalence of ADHD is currently around 5-7%. Meanwhile, according to APA (2013)
prevalence of ADHD in children today is 5% and 2.5% in adults.

In Indonesia alone, an ADHD study conducted by Saputro (2004) found that the prevalence of ADHD in
school-age children in the city of Jakarta was 26.2%. A study carried out in Yogyakarta found that the prevalence
of ADHD in elementary school students in Yogyakarta was 5.47% (Hayati, 2014), in Cangkringan District,
Sleman 7.48% (Christina, 2012), and in Banguntapan, Bantul 3.5% (Dewi, 2011). In a recent study, it was found
that the prevalence of ADHD children in Yogyakarta and Sleman is about 8.09% (Wimbarti, Dewi, & Khoirot,
2016). In conclusion, based on the above descriptions, the prevalence of ADHD in children is about 3 to 26.2%.
The comparison of the number of ADHD cases in boys and girls is 2: 1, and 1.6: 1 in adults (APA, 2013; Roberts
et al., 2014). Barbaresi, Weaver, Voigt, Killian, and Katusic (2015) estimated from some previous studies that
6-60% of children with ADHD continue into adulthood. Therefore, treatment for ADHD is necessary because
longitudinal studies showed that attention problems in childhood and adolescence might continue into adulthood
(Barkley, 2001).

ADHD is a neurodevelopmental disorder that began to appear in childhood. Based on the Diagnostic and
Statistical Manual of Mental Disorders, 5th ed. (DSM-5) ADHD symptom appears and shows impairment before
age 12 years (APA, 2013). ADHD can cause behavioral and academic problems. Among the behavioral disorders
that can arise from ADHD are CD, ODD, and antisocial behavior (Loeber, Burke, Lahey, Winter, & Zera, 2000;
Mcardle, 2007). Several academic problems commonly faced by ADHD children include having little ability to
complete homework (Langberg et al., 2010), low learning achievement (Barry, Lyman, & Klinger, 2002; Bussing
et al., 2012; Molina et al., 2009), and high grade-retention rates (Molina et al., 2009) compared to children in
general (not-ADHD).

APA (2013) in DSM-5 stated that genetic and neurological factors that interact with the environment are the
causes of ADHD. Biological influence, such as toxins and infections are particularly among the biggest
contributors to reasons of this disorder (Barkley, 2014a). ADHD cannot arise only because of social factors such
as the way a parent raises a child, family conflicts, insecure attachments, exposure to television or video games,
and or interactions with peers. Social factors can only be a risk factor for ADHD when interacting with children
who are genetically and neurologically at risk for ADHD (Barkley, 2014a).

Parts of the brain that are impaired and cause decreased executive function are the prefrontal cortex/PFC
(Assef, Capovilla, & Capovilla, 2007; Thompson-schill, Ramscar, & Chrysikou, 2009). The late development of
PFC can have adverse consequences on children's behavior. It also causes the cognitive control that helps
children learn to develop less optimally. The executive function is considered to be the factor that most
influences the emergence of ADHD symptom in children (Lambek et al., 2011; Mullane, Corkum, Klein,
McLaughlin, & Lawrence, 2011; Sergeant, Geurts, & Oosterlaan, 2002). In a parallel analysis of executive
functions, Miyake et al. (2000) identified three primary functions of executive function, namely shifting,
updating, and inhibition. Among these three executive functions, the most contributing to ADHD is inhibition
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(Barkley, 1997; Geurts, Verté, Oosterlaan, Roeyers, & Sergeant, 2004, 2005; Nigg, 2001; Richardson, 2008;
Scheres et.al., 2004; Skillings, 2013).

Inhibition is the process of blocking or preventing a larger, automatic, and dominant response when needed.
In the process of inhibition, there is an attempt to avoid or exclude a tendency to respond more dominantly or
more automatically. Inhibition correlates perfectly with the executive function in general (Miyake & Friedman,
2012). According to Miyake et al. (2000), these three executive functions work separately and can be separated.
Nigg (2000) stated that inhibition is a range of mechanisms that allow a person to suppress intrusive thoughts
and actions or previous activated thoughts or actions, and seek to resist the disturbance of irrelevant stimuli.
According to Dempster, the main thing on inhibition control is the ability to suppress the process or excretion of
information that would interfere with the completion of the primary goal (as cited in Richardson, 2008, para. 2).
The key to this executive function allows for the control of complex cognitions and behaviors and is essential for
effective interaction with the environment. Kochanska stated that inhibition control is important in attention,
memory, intelligence, as well as related to social competence and emotional regulation (in Richardson, 2008,
para. 2). Children with impaired inhibition have difficulty in prioritizing response to tasks related to stimulus
(Hughes, Graham, & Grayson, 2004).

Inhibition has a significant role in a child's life. In a social environment, children with weak inhibition
abilities tend to withdraw from social environment (Rubin, Coplan, & Bowker, 2009; Walker, Henderson,
Degnan, Penela, & Fox, 2015), has a significant risk of developing social anxiety disorder, and not being
assertive (Clauss & Blackford, 2012). In academic terms, children with moderate inhibition abilities tend to find
it difficult to focus on learning at home or school. In a study conducted by Bull and Scerif (2001), it was found
that children with little inhibition ability and inadequately supported working memory, had lower mathematical
abilities than other children of their age. Also, children with low inhibitory ability tend to withdraw from their
environment, and it is positively associated with low academic achievement (Chen, Rubin, & Li, 1997).

Inhibition develops according to the development of the human brain. According to Crone et al., the
prefrontal section that affects inhibitory ability develops with age until the person reaches their optimum
function in young adulthood (in Crone, Bunge, van der Molen, & Ridderinkhof, 2006, p. 278). According to
Cepeda, Kramer, and Gonzalez de Sather (2001), however, adult performance on executive function has been
achieved at age 12. With the growing pre-frontal part that serves to control the various tasks of this executive
function, the capacity of one's ability for inhibition and mental flexibility will also increase as the assignments
become more varied (Diamond, 2002).

People with ADHD showed poor results on tests that measured inhibitory abilities, such as the Stop-Signal
Task, Antisaccade Task (Friedman & Miyake, 2004), and Color Word Stroop Task (Assef et al., 2007; Ikeda,
Okuzumi, & Kokubun, 2013; Lépez-Villalobos et al., 2010; Thursina et al., 2015). Adams, Milich, and Fillmore
(2010) found that children with ADHD had slower inhibition responses than other kids with normal
developmental stages. This study is supported by the research conducted by Tye et al. (2014) who found that
children with ADHD showed deficits in attention orientation and inhibitory control.

Although many studies support that inhibition is a core-deficit in children with ADHD, there is research that
suggests that inhibition is neither a core-deficit nor a differentiating factor between ADHD and non-ADHD
children. In a study conducted by Corbett and Constantine (as cited in Weyandt & Gudmundsdottir, 2014, p. 128),
it was found that deficits in inhibition were not only found in ADHD children but also in other clinical groups.
However, ADHD children in this study did have weak inhibition ability. Research conducted by Skogli et al. (in
Weyandt & Gudmundsdottir, 2014, p. 128) found that although there was a difference between ADHD and
non-ADHD children in executive function, it cannot distinguish between the three subtypes of ADHD.

This study aims to demonstrate that inhibition is a differentiating factor between ADHD and non-ADHD
children, and looks at differences in inhibition ability in all three ADHD subtypes in children aged 6 to 12 using
the Stroop Color and Word Test. The questions in this study are: (1) Is the inhibition ability in children with
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ADHD lower than children without ADHD?; (2) Is there a difference in inhibition ability in the ADHD subtypes
of inattentive, hyperactive-impulsive, and combination?; And (3) Is the inhibition ability in children aged 6-9
years lower than children aged 10-12 years?

2. Methods

2.1 Subject

Subjects in the study were ADHD children (N = 34) consisting of subtypes inattentive (N = 14), hyperactive
(N =9), combination (N = 11), and non-ADHD (N = 34) aged 6- 12 years old. The subjects of ADHD in this
study were not comorbid with other disorders. Non-ADHD subjects in this study were subjects who did not
experience any psychological disorder (normal) from the diagnosis that has been done by a psychologist. The
subject exclusion criteria in this study are: a) Experiencing pervasive developmental disorders or psychosis, b)
Experiencing brain trauma with loss of consciousness, ¢) Having hearing and vision impairments, d) Having an
1Q under 80 (WISC) / grade 4 (CPM), this limitation aims to control the existence of a child with intellectual
disability, and e) Under medical treatment. Individual differences are controlled by matching the gender, age, and
1Q for ADHD and non-ADHD Children.

2.2 Research Instrument

Inhibitory ability was measured using Stroop Color and Word Test (SCWT) for children (Golden,
Freshwater, & Golden, 2003), which measure inhibitory responses in children aged 5-14 years. SCWT is an
executive function measurement tool that was originally developed to measure selective attention and cognitive
flexibility. SCWTconsists of three parts, each of which consists of 100 items presented in 5 columns. The first
part is a word page composed of the word "RED," "GREEN," and "BLUE" which were randomly arranged and
presented in black. The second part is a color page (color task) consisting of the word "XXXX" which is shown
in red, green, and blue ink at random. The third part is a color-word task, which consists of the words "RED,"
"GREEN," and "BLUE" which were arranged randomly and presented in colors that do not match the color of
the written word (the word "RED" printed in blue). This third part (Color-Word task) is a component that can
measure mental flexibility and ability to withstand more dominant responses/inhibitions (Wecker, Kramer,
Wisniewski, Delis, & Kaplan, 2000).

SCWT is presented for 45 seconds for each section and can be administrated individually or in groups. The
reliability of the Stroop test scores has a very high consistency across all test versions. Reliability analysis is
done by the test-retest method with a time span of one minute to 10 days. This test has a good reliability with the
reliability coefficient of word page 0.89, color page 0.84, and color-word page 0.73 for administration in groups,
and the word page 0.86, color page 0.82, and color- word page 0.73 for single administration (Golden et al.,
2003). Stroop Test has a good validity in measuring inhibition. The interference score is well correlated with
other tests that measured pre-potent response in inhibitions such as the possibility of stopping (r = 0.33) and time
(r = 0.56) in Stop-Signal Task (Friedman & Miyake, 2004; May & Hasher as cited in Strauss, Sherman, &
Spreen, 2006) and the difference in scores between Trails A and B (May & Hasher as cited in Strauss et al.,
2006).

2.3 Data Analysis

The data analysis was done using variance analysis to find the differences in inhibition ability of children
with different ADHD status (ADHD and non-ADHD) and age ranges (6-9 years and 10-12 years of age) and the
interaction between the two; the researchers used two-way variance analysis / two-way ANOVA. Meanwhile, to
explore the ability of inhibition between inattentive, hyperactive, and combination ADHD subtypes, the
researcher used one-way variance / one-way ANOVA.

76 Consortia Academia Publishing



Inhibition in ADHD and non-ADHD children ages 6-12 years

3. Results

3.1 Interference Score Overview

Interference score describes the ability of one's inhibition. The interference score is inversely proportional to
one's inhibition ability. The higher a person's interference score, the worse the inhibition ability will be and vice
versa. The description of subject interference scores in this study can be seen in table 1. The mean of the
subjects’ interference score in this study was 51.132 from the range of scores of 20-80 indicating a high
interference number. Golden et al. (2003) stated that the higher interference score with the color page and normal
page score shows the presence of prefrontal disorder especially when the T-score is above 60.

Table 1
T-score of subject interference
Category Variant Minimum Maximum Mean Number of children
Score Score with scores> 60

Disorder Status ADHD 41 78 54.191 11
Non-ADHD 27 61 48.989 2

Age group 6-9 years 34 68 52.444 10
10-12 years 27 78 48.736 3

All Subjects 27 78 51.132 13

Note. The scores in this table are the interference scores that have been converted to T-Score based on the raw score conversion table to the
T-Score on the Stroop Test Manual (Golden et al., 2003).The interference score range is (minus) 50-37 for the raw score, and 20-80 for the
T-score.

3.2 Findings

Data analysis was performed by using a two-way variance analysis to determine differences in interference
scores between ADHD and non-ADHD children, between children with age group 6-9 years with age group
10-12 years, and the interaction between the disorder status and age group. Based on the two-way ANOVA test, a
significant difference in interference score between ADHD and non-ADHD children (F = 11.810; p = .001) was
found, with children with ADHD having a higher interference score than children with non-ADHD. This result
suggests that the inhibition ability of non-ADHD children is better than that of ADHD children.

Also, there were significant differences in interference scores between children within the age group of 6-9
years and 10-12 years (F = 3.129; p = .041). Interference scores of children aged 6-9 years are higher than those
in the latter age group. This score suggests that children aged 10-12 year have better inhibition skills than
children in the 6-9-year age group. Furthermore, the researchers looked at the interaction between ADHD
disorder status and age group against interference score. Based on the two-way ANOVA test, there was no
interaction between ADHD disorder status and age group on interference score (F = 3.235; p = .077). In
conclusion, there is no interaction between the diagnosis of ADHD and age group in affecting the ability of one's

inhibition.
=== Disorder Status (F=11.810 ; p=0.001) == Age Group (F=3.219; p=0.041)
4.191
444
48.898 48.736
ADHD nonADHD 6-9 years 10-12 Years

Note. The score in this image is the interference score that has been converted to T-Score based on raw score conversion table to T-Score on
Stroop Test Manual (Golden et al., 2003).

Figure 1. Difference test result of subject interference score with different disorder status and age group
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To determine the difference in interference score between ADHD children with different subtypes, the
researchers used the one-way ANOVA test. One-way ANOVA test results found no significant difference
between interference scores in ADHD children with different subtypes (F = 0.398; p =.675). This result
demonstrates that the inhibition ability of ADHD children with inattentive, hyperactive, and combination
subtypes are the same.

e ADHD Subtype (F=0.398; p=0.675)
33
343 53.36
Inattention Hyperactive Combination

Note. The score in this image is the interference score that has been converted to T-Score based on raw score conversion table to T-Score on
the Stroop Test Manual (Golden et al., 2003).

Figure 2. Difference test results of subject interference scores with different ADHD subtypes

As an additional analysis, researchers also saw if there is a relationship between intelligence and the
interference score on ADHD children. The correlation of test results has been done; there was no significant
association between 1Q score with the interference score on ADHD Children (r =-0.99; p = .578). Thus, the
ability of one's inhibition is not related to his or her intellectual ability.

4. Discussions

The inhibition ability is referred to as the main executive function that experience deficit and dysfunction in
children ADHD (Barkley, 1997). Malfunctions in this executive function would create the deficit in other
executive functions. Barkley (1997) developed a model that predicts that children with ADHD will experience
deficit in three forms of inhibition, namely: (1) inhibition of existing response, like the response that is or has
been associated with previous reinforcement, (2) inhibition of the ongoing response, which creates the existence
of any delay in deciding to continue a particular response, and (3) the interference control, protecting a response
from another response. The results of this study support the above statement that there is a difference in
inhibition ability between children with ADHD and non-ADHD children, in which ADHD children have a lower
inhibition ability than non-ADHD children.

The findings of this research are also in line with the research conducted by Assef et al. (2007) who found
that children with ADHD showed longer reaction time in working on the Stroop Test compared to children
without ADHD. This reinforces the hypothesis that children with ADHD show a decrease in inhibitory ability.
Also, in a study conducted by Berlin, Bohlin, Nyberg, and Janols (2004) it was found that children with ADHD
had significant differences with control groups regarding inhibitory and other executive functional abilities.
Response inhibition was placed as key features of ADHD (Barkley, 2014b) reflecting the inherent tendency to
‘act without thinking',

In this study, it was found that there is a difference of inhibition between children within the 6-9-year age
group compared to those in the 10-12-year age group, which indicates that inhibition ability evolves with
increasing age. This result is in line with Crone et al., (as cited in Crone et al., 2006, p. 278) who said that
inhibition evolves by the development of the human brain. According to Cepeda, Kramer, and Gonzalez de
Sather (2001), adults’ executive functions’ performance is achieved at the age of 12 years, but Diamond (2013)
stated that inhibition ability on executive functioning continues to evolve and mature during adolescence. In a
study conducted by Davidson, Amso, Anderson, and Diamond (2006) it was found that inhibition ability
increases with age. Inhibition is complex and depends on several other cognitive processes that may rely on
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different neural mechanisms (Cepeda et al., 2001). Therefore, different mechanisms may affect the ability of
inhibition in both ADHD and non-ADHD children at various ages.

Inhibition has a relation with the functions of working memory. Both roles support each other in performing
its duties (Diamond, 2013). With increasing age, the control over inhibition will be better which is characterized
by better accuracy in responding and the decline of impulsivity. Children with older age are increasingly aware
of what information they need in the face of a task, helping them to distinguish which information is relevant.
This ability helps children to control and restrain irrelevant response from being performed.

The development of inhibition ability is influenced by the development of the Prefrontal Cortex (PFC). The
system in the PFC enables people to focus on information stored in the memory and to follow stimulus from the
environment selectively. PFC is a part of the brain that takes more time than other areas of the brain in its
development. It takes more than two decades to achieve the maturity of the PFC in humans (Fuster, 2002).
Diverse research has shown the fact that the length of the PFC development, made PFC sensitive to
environmental influences, not only during infancy and prenatal, but also in the time of children and adolescents
(Andersen & Teicher, 2008; Crews, He, & Hodge, 2007). Therefore, although ADHD is a neurodevelopmental
disorder that is affected by nature in the form of being genetically inherited from parents, the progression of the
symptoms is more likely influenced by nurture/environment because its development takes a long time and is
sensitive to the environment.

In the process, every humans’ neurological system has a delicate period in which the nervous system would
be most susceptible to environmental influences during that time (Nelson & Sheridan, 2011; Rice & Barone,
2000). Any development of the nervous system depends on the exposure to a normal environment that supports
its development. This sensitive period is found in the first years of life. However sensitive periods in the
development of executive functions that depend on the PFC are at the later age of children because PFC has a
slow growth. Same as PFC, ADHD symptoms which are a neurodevelopmental dysfunction, will only appear
when interacting with the supportive environment (APA, 2013).

From the results of this research, it is advisable that the increase of age will also reflect individual growth in
inhibition. This result contrasts with the case of ADHD children, who experience barriers/dysfunction in the
development of the capabilities of his/her inhibition. Shaw et al. (2007) stated that the brain of a child with
ADHD matures about three years behind other kids the same age as him/her. The delay in inhibition
development is potentially caused by environmental factors that affect the development of executive functions
such as the existence of economic difficulties, a caregiver who was rude and uncaring, domestic or community
violence, disorganized environment, and the difficulty of accessing nutritious food (Raizada, Mackey, & Bunge,
2012). Therefore, it takes a positive and supportive environment for the growth of a child's executive functions.
A child with a pre-existing genetic condition of a neurological disorder on his/her prefrontal cortex will be more
easily influenced by the environment, particularly if the environment is not supportive, such as having many
disruptions or inadequate parenting.

The differences in the development patterns of executive function, particularly on inhibition among ADHD
and non-ADHD children, requires the groups to receive different environmental treatments improve their
respective roles. ADHD children with disrupted executive function require intensive environmental intervention
for it to operate properly (Mackey et al., 2012). If a child with ADHD does not receive an intervention, then
his/her inhibition ability will worsen, and it can affect their lives in the future.

Based on Center on the Developing Child at Harvard University (2014) adults can facilitate the development
of executive functions of a child by modeling social behavior regularly, and create and maintain relationships
that are supportive and reliable. Children's programming can also train their development skills by doing
activities that foster creative games and social relationships, teach children how to deal with stress, involve
continuous practice to provide more opportunities for children and reduce the supervision of adults. The most
important environmental factor for the development of executive function is the fact that children learn these
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skills through experience, cuamulatively with continuous improvement.

In this study, we found no difference in inhibition between all three ADHD subtypes. This result contrasts
with previous research by Jiménez, Ballabriga, Martin, Arrufat, and Giacobo (2015) who found that low
inhibition and initiative are unique to ADHD Children within the inattentive subtype. However, the results of this
study are consistent with research conducted by Adams et al. (2010) who discovered that there is a difference
between the inhibition ability of ADHD and non-ADHD children, but no difference in inhibition ability was
found among different subtypes of ADHD children. The existence of similar inhibition between three subtypes of
ADHD requires further consideration because these three subtypes have differences in cognitive function and
behavior (Diamond, 2005). The existence of similar interference score between inattentive ADHD which is the
inhibition disorders with ADHD hyperactivity and combinations can be caused due to the subtype of the third
share 'core deficit'. The presence of similar inhibitory abilities between these three subtypes of ADHD further
reinforces that low inhibitory ability is a central feature of ADHD.

In the additional analysis of this study, researchers also found that there is no association between a person's
inhibition and intellectual ability. Although several studies mentioned that the capacity of inhibition has a strong
correlation with the fluid intelligence in adults (Polderman et al., 2009). Salthouse, Atkinson, and Berish (2003)
found that the correlation between intelligence and inhibition occurs only at the age of 9, 12, and 18 years old. A
study conducted by Duan et al. (2009) found that children with above average intellectual level have better
performance than a child with average intelligence level in the go/no go gauge response inhibition task. The
results of this study are in line with research done by (Duan & Shi, 2011) who found that intelligence and
inhibition are not correlated with any age. In a study conducted by Friedman et al. (2006) that tests correlation
between the fluid and crystallized intelligence, and the third with WISC executive functions separately, found
that working memory is associated with intelligence, while inhibition and shifting are not related. Note that the
data in this study is limited to the sample aged 6-12 years. Therefore, the absence of a relationship between
intelligence and inhibition in this research cannot be generalized to all ages.

5. Conclusions and Suggestions

Based on the results of the present research, the conclusions to be drawn are as followed: 1) the inhibition
ability in ADHD children is lower than non-ADHD children. Most children with ADHD score higher
interference than non-ADHD children. This result means that ADHD children have difficulty in holding a larger
response and are unable to control irrelevant response from the performed task. 2) The inhibition ability in
children ages 6-9 years are lower than children ages 10-12 years. This result means that inhibition evolves with
age; with the increasing age a child will be better able to control their response to an irrelevant stimulus. 3) There
is no difference in inhibition among children with different ADHD subtypes namely, inattentive,
hyperactive/impulsive, and combination. Inhibition among these three ADHD subtypes is relatively the same
which suggests that low inhibition is indeed a main characteristic of ADHD.

ADHD children have lower inhibition than non-ADHD children, they have difficulties in preventing a more
automatic and larger response when needed. Therefore, parents and teachers who deal with ADHD children
should limit distraction from children's environment. For example television, video games, and computer.
Electronic devices are a great distractor for children and encourage impulsive behavior. Teachers and parents can
decrease children’s time with electronic devices and increase children’s time doing activities outdoor. Parents
and teachers can also create a special, quiet, and organized place for children to do homework, read, and take a
rest. It also can reduce distraction because, in neat and organized place, children know where everything goes.

There are still limitations in this research, which is that it is still limited to the inhibition in ADHD and
non-ADHD children’s executive functions. Therefore, the researchers suggest that future research explore all
components of executive functions to create a more comprehensive result in obtaining a more accurate early
detection and intervention system in ADHD children.
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