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Abstract

Background: Executive function of the brain consists of organizing, shifting attention, monitoring, self-regulating, inhibition and
working memory, which are diversely affected in attention deficit/ hyperactivity disorder (ADHD). Parent management training
(PMT) is a major intervention for ADHD with significant impact on clinical symptoms. However, little is known about its effect on
cognitive aspects of ADHD.
Objectives: The aim of this study was to assess the effects of parent management training (PMT) on attention, response prevention,
impulsivity, and vigilance of males with ADHD as well as their clinical symptoms.
Methods: In this clinical trial, 32 subjects were recruited from a child and adolescent psychiatric clinic in Tabriz, Iran. Participants
(all males) were divided to 2 groups. One group received routine clinical care plus 8 sessions of PMT and the other group only re-
ceived routine clinical care as a control group. Clinical symptoms were evaluated by Conner’s rating scale and performance of chil-
dren in terms of executive function was tested by the continuous performance test (CPT) and Go/ no Go test before and after the
intervention. A follow-up measurement was performed at week 12. Using SPSS 17.0 statistics, chi-square and independent-sample t
tests were used to compare sample means. A two-way repeated measures analysis of variance (time-treatment interaction) was also
performed.
Results: Parent management training had a higher effect on hyperactivity (P = 0.032) and oppositional (P = 0.007) symptoms of
children. Commission errors (reflecting impulsivity and response prevention), omission errors (reflecting inattention), and reac-
tion time (reflecting vigilance) in Go/no Go test were not significantly different between the 2 groups. Omission errors in CPT and
the reaction time significantly improved in PMT and routine clinical care (RCC) group (P = 0.032).
Conclusions: Parent management training may improve executive functions in children with ADHD in terms of reaction time and
omission errors.
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1. Background

Attention deficit hyperactivity disorder (ADHD) is rec-
ognized as a neurodevelopmental disorder science the
20th century. It is common disorder (1) accompanied by
a wide range of problems; children have an age-adjusted
hyperactive state, fail to keep consistency in finishing
duties, and have deficits in self-regulation of interaction
with peers (2). These symptoms and their complications
may continue through adulthood, especially when co-
morbidities also exist (3).

Furthermore, ADHD is also linked with a wide range of
cognitive deficits (4). Based on a neuropsychological the-
ory, symptoms of ADHD arise from a primary deficit in ex-
ecutive functions (5), in which an appropriate problem-
solving set is maintained to attain a defined goal. Exec-
utive function of the brain has a major role in daily life
and achievements (5). Results of neuroimaging studies
on children with ADHD were correlated with these clinical
descriptions and revealed deficits in cerebellum and the
frontal cortex of the brain, both of which have a fundamen-
tal role in planning, organization, decision making, time
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perception, inhibition, and thinking (6). Because of a com-
plicated nature, these neurocognitive processes are nei-
ther included as diagnostic criteria nor as available treat-
ment strategies.

Burden of ADHD is not limited to the affected per-
son. Although parents of children with ADHD experi-
ence a higher level of stress related to parenting and fre-
quently feel inefficient (7), negative parenting styles influ-
ence symptoms, comorbidities, and long-term outcomes
of ADHD (8). Parent management training (PMT) has been
introduced as one of the main interventions for these chil-
dren (9). Several studies have reported benefits of PMT on
children with ADHD and their parents (10-12). Parent man-
agement training improves parents’ ability in giving direc-
tions and increasing flexibility of their children and class-
room behavior (9). The effect size for PMT has been re-
ported in a range between 0.34 and 0.88 for different re-
sults in children’s behavior (13).

Executive functions may not be the most apparent
symptom, yet have an essential role in all aspects of life. De-
spite the importance of executive function, it is rarely in-
cluded in evaluation processes, and efficacy of treatment
methods are mostly appraised using scales compatible
with diagnostic criteria. However, studies have examined
therapeutic effect of approved medications on executive
ability of patients with ADHD (14-16). To the best of our
knowledge, no study has yet examined such effect for PMT.

2. Objectives

The current study aimed at objectively evaluating the
effect of PMT on some aspects of executive functioning (in-
cluding attention, response prevention, impulsivity, and
vigilance) of males with ADHD as well as their clinical
symptoms.

3. Materials and Methods

The present study was an 8-week randomized con-
trolled clinical trial conducted during July to December
2014. The trial was conducted at a child and adolescent
psychiatry clinic of Tabriz University of Medical Sciences.
The procedure was approved by the regional ethical com-
mittee. A comprehensive explanation about the aim of
the study was given to participants and they all provided
a written consent. At the end of the study, the PMT pro-
gram was introduced and available for parents, who were
selected as controls.

3.1. Participants

All male children (6 to 12 years old), who attended the
clinic during 6 months of the study, and were diagnosed
with ADHD (mixed type) for the first time, were selected.
The diagnosis was made by a child and adolescent psychia-
trist using a semi- structured clinical interview based on di-
agnostic and statistical manual-fourth edition-text revised
(DSM-IV-TR) criteria (17). A thorough physical examination
was a part of all diagnostic procedures, where further eval-
uations were performed based on clinical decisions. Chil-
dren with a comorbid psychiatric disorder, IQ of less than
75 (based on Raven’s progressive matrices test) and a dis-
abling general medical condition were excluded. Children
were also excluded if parents declined participation in any
educational program and they were also excluded in case
of three sessions or more absences during PMT.

Severity of symptoms was recorded and selected chil-
dren were randomly allocated to 2 groups by using a sched-
ule generated by RandList. Parents of the intervention
group were invited to participate in PMT sessions while
their children were receiving routine clinical care (RCC).
Parents of the other group did not receive any specific ed-
ucational material. The RCC included psycho-education
(about the disorder, treatment, and outcome) and treat-
ment with medication (methylphenidate, dosage based on
weigh, and clinical response). Severity of symptoms was
measured again after 8 weeks by an investigator blinded
to allocation of parents. A follow-up measurement was
conducted 4 weeks after ending of PMT sessions (week 12).
From the total of 53 children, 32 fulfilled the criteria and
were randomized to 2 groups. Parents of 7 children from
the RCC group were not available for follow- up measure-
ments. Flow diagram of the study is presented in Figure 1.

3.2. Measures

Kiddie schedule for affective disorders and
Schizophrenia-present and lifetime version (K-SADS-PL):

The K-SADS-PL is a semi-structural psychiatric interview
for detecting psychiatric conditions in children, based on
the criteria defined by diagnostic and statistical manual
for mental disorders, 4th edition (DSM-IV). The Farsi ver-
sion of this standard tool (18) was used to establish diagno-
sis in participants, as well as defining excluded children.
The kappa value for consensual validity of diagnosis was
0.41 to 1.0 for different diagnoses. The kappa value for its
test-retest reliability was 0.41 to 0.81 and good to excellent
sensitivity and specificity and positive and negative predic-
tive validity values were reported for nearly all of the dis-
orders (18). This interview lasted between 45 to 90 minutes
for each participant.
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Figure 1. Flow Diagram of the Enrolled Patients and Their Parents

3.3. Conner’s Parents Rating Scale-Revised (CPRS)

The short form of this questionnaire was used in this
study, including 4 subscales of oppositional, cognitive
problems/inattention, hyperactivity, and ADHD score. The
test had a high reliability and constructs validity (18) and
has been successfully used in several studies for different
populations worldwide. Its reliability has been reported as
0.93 in Iran (based on Cronbach’s alpha coefficient) and its
validity was between 0.76 and 0.9 (19).

3.4. Continuous Performance Test (CPT)

The CPT is a task-oriented computerized assessment of
attention-related problems, useful for the process of diag-
nosing ADHD. This test indexes the respondent’s perfor-
mance in areas of inattentiveness, impulsivity, sustained
attention, and vigilance. In all forms of CPT, the respon-
dent has to sustain attention to a relatively simple auditory

or visual stimulus and act in response by pushing a but-
ton. Two types of errors are described: omission, measur-
ing sustained attention, and commission, measuring both
sustained attention and impulse prevention. A reaction
time was also reported (20). A CPT test was designated by
authors using the visual stimuli. This test lasted for 14 min-
utes with 20% of the stimuli being a target stimulus. After
performing the CPT test, children rested for 5 minutes and
then the Go/No go task was carried out.

3.5. Go / No Go Task

These tasks measure the ability of response prevention.
Participants are supposed to give a specific response when
facing a “go” stimulus and prevent that response when a
“no go” stimulus is presented. In the current study, a 5-
minute task was designated with audio stimuli, where 50%
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were “go” stimuli. Validity and reliability are described
elsewhere (20).

3.6. Raven’s Progressive Matrices

“Raven’s matrices” are the most common and popular
test administered to people aged above 5 years old. This
nonverbal test is made of 60 multiple-choice questions,
listed in order of difficulty (21). Its reliability and validity in
Iran (based on Cronbach’s alpha coefficient) was reported
as 0.91 and 0.73, respectively (22).

3.7. Intervention

Parent management training (PMT) program con-
sisted of 8 sessions, each lasting 90 minutes. A child psy-
chiatrist addressed the instructions in social learning prin-
ciples and techniques, foundational concepts in behavior
modification; proper rules of giving order, reinforcement
and punishment techniques, as well as psycho-education
about ADHD. The detailed content of these sessions are de-
scribed elsewhere (23). Each session began with remind-
ing the patient of the previous session and task; all parents
were asked to explain their experience with the techniques
so they could share ideas and solve the problems.

3.8. Statistical Analyses

The present study, as a clinical trial, aimed to assess the
effect of an independent variable (PMT) on a dependent
variable (response prevention). A sample size of 15 samples
for each independent variable is suggested for these kinds
of studies (24). Data are described as mean and standard
deviation. Normality of distribution of data was checked
by Shapiro-Wilks. As all of the data were normally dis-
tributed, chi-square and independent-sample t tests were
used to compare sample means. A chi-square or student’s
t test evaluated differences in the baseline characteristics
between the groups. A two-way repeated measures anal-
ysis of variance (time-treatment interaction) with a two-
tailed post hoc LSD mean comparison test was also per-
formed. The type of intervention as a between-subjects
factor (group) and time of measurements as the within-
subjects factor (time) were considered as the cognitive and
clinical parameters. Differences were considered signifi-
cant at P < 0.05.

4. Results

From a total of 32 cases, 16 children and their parents
were randomly assigned to each group. Characteristics of
children are described in Table 1.

The participating parent in PMT sessions was the
mother for all but one of the children, whose father took

part in the sessions. Each parent was on average involved
in a minimum number of 7.6 and 6 sessions. These parents
participated in 1.2 sessions together with their spouses. At
the end of PMT sessions, 25% of parents found the interven-
tion highly effective, 50% reported moderate effect, and
25% reported minimal effect while none of them found it
ineffective.

Beside appraisal by parents, clinical symptoms of chil-
dren were evaluated by a rating scale, as described pre-
viously (Table 2). The repeated measurement analysis
showed a significant time-group interaction for hyperac-
tivity, opposition, and total ADHD score of Conner’s rating
scale, and these scores had a decreasing pattern in PMT and
RCC group compared to children, who received RCC alone.
This result was not achieved for inattention score.

Cognitive performance of children before and after the
treatment is described in Table 2. The repeated measure-
ment analysis showed that the difference between mea-
surements, effect of group, and the time-group interaction
for omission errors in Go/no go test were not significant.
The commission errors in Go/no go test decreased signif-
icantly during measurements, yet effect of group and the
time-group interaction were not significant. As described
in Table 2, the differences between measurements, effect of
group, and the time-group interaction for reaction time in
Go/no go test were not significant either.

The repeated measurement analysis showed that omis-
sion errors in CPT test did not show a significant change
during measurements, yet the time-group interaction was
significant and had a decreasing pattern in PMT and RCC
group. Difference of scores of commission errors was not
significant between 3 measurements, nor was the time-
group interaction. However, the reaction time was signif-
icantly decreased during 3 measurements and was signifi-
cantly more obvious in PMT and RCC group.

5. Discussion

The present study showed that hyperactivity and op-
positional symptoms of children with ADHD had a signif-
icant decrease when PMT sessions were provided for par-
ents along with routine clinical care. The omission errors
and the reaction time of children were also improved as
evidence of therapeutic effect of PMT on cognitive perfor-
mance of these children.

As children grow up, executive functions help them en-
gage in imaginative play with peers and follow the rules of
games. This function of the brain is fundamental for both
academic and social outcomes. In addition to the child’s bi-
ological characteristics, such as genetic influences, under-
lying temperament, and neurological development, envi-
ronmental factors such as parents, peers, and schooling
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Table 1. Demographics of the Study Sample

PMT + RCC, N = 16 RCC, N = 16 P

Mean age (SD) 7.7 ± 1.7 7.5 ± 1.3 0.87

Mean IQ 105.0 ± 8.3 104.1 ± 9.1 0.57

Educational level of the mother 0.18

Undergraduate 1 3

Graduate 11 7

Post graduate 4 6

Educational level of the father 0.68

Undergraduate 3 3

Graduate 8 7

Post graduate 5 6

Abbreviations: PMT, parent management training; RCC, routine clinical care.

Table 2. Cognitive Performance and Behavioral Profile of Children with ADHD

PMT + RCC RCC P (Repeated Measures,)

Initial Score Week 8 Week 12 Initial Score Week 8 Week 12a Effect of Group Time-Group Interaction Variable

Go/ no Go test

Omission errors 38.23 34.96 31.56 38.71 39.82 41.3 0.626 0.154 0.680

Commission errors 20.6 13.88 8.41 20.2 15.03 8.12 0.951 0.942 < 0.005

Reaction time 654.06 646.31 629.31 687.11 718.33 604.77 0.409 0.345 0.137

Continuous performance test

Omission errors 30.96 29.51 15.96 34.91 32.45 35.23 0.246 0.032 0.088

Commission errors 7.81 7.16 7.92 3.16 5.31 3.83 0.751 0.303 0.262

Reaction time 19.47 12.65 7.11 20.2 15.03 8.12 0.040 0.573 < 0.005

Conner’s rating scale

Hyperactivity 11.68 9.87 8.81 10.44 11.11 10.55 0.652 0.032 0.070

Inattention 13.81 11.31 11.0 11.77 10.66 12.55 0.748 0.061 0.061

Oppositional 7.56 6.81 6.31 8.22 7.55 7.11 0.487 0.007 0.698

Total ADHD 22.06 19.33 17.0 17.33 17.66 18.66 0.444 0.010 0.190

Abbreviations: PMT, parent management training; RCC, routine clinical care.
a Number of children is 16 for all columns except for week 12 of RCC group which includes 9 children.

have a significant contribution to executive function skills.
In the other words, executive functioning is shaped (thus
influenced) by a complex interplay between these factors
(25, 26). Evidence suggests that parents’ guidance is one of
the primary experiences contributing to children’s execu-
tive function during early childhood (27).

The structure and approach of parents’ behavior are
amongst the targets of PMT. Despite several studies that
have evaluated the effect of PMT on behavior of children,
to the best of our knowledge, there were no reports on
beneficial effect of PMT on executive function of children
with ADHD. Results of this study highlight the beneficial
effect of PMT, not only on the clinical symptoms, but on
the cognitive improvement of these children as well. Un-
like PMT, medications (i.e. the other arm of treatment)

have been evaluated for improvement of executive func-
tion in ADHD. Memantine could improve inhibition in
an adult sample with ADHD (15). Studies have reported
that OROS-methylphenidate could significantly improve
reaction time variability, and commission errors in CPT
(16). Furthermore, among adults with ADHD and clinically
significant executive function deficits, lisdexamfetamine
dimesylate was associated with significant improvements
in self-reported executive function ratings (28). Same re-
sults have been reported for children (29). These studies
differ in method of recruitment and measurement of ex-
ecutive function. However, the common point is their pos-
itive effect. On the other hand, most of these studies have
examined adult samples (30). Results of this study pro-
vided evidence that PMT could improve reaction time and
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omission errors. Omission errors include “a mistake that
consists of not doing something you should have done’
and was decreased at the same time that children could re-
act more rapidly than before. The fact that this change was
related to altered parenting because of a method based
on child/adolescent adjustment, it could be suggested that
other aspects of ADHD might be the underlying reason,
such as level of arousal. This means that when the child is
helped to adjust better to the environment, a better cogni-
tive performance will be achieved. Childhood seems to be
the critical period for development of executive function
of the brain, thus children with ADHD might benefit from
PMT if applied on time.

Deficit in inhibition may be of the core symptoms of
ADHD (31). Inattention and hyperactivity may be a result
of deficit in inhibiting attention to inappropriate stimuli.
According to the results of the present study, PMT could de-
crease omission errors and improve the reaction time mea-
sured by CPT. These results were not replicated by the Go
/ no Go test. This may be because of the type of the stim-
uli, which was auditory and more exciting for children, or
because CPT was performed first and children got unpro-
voked for the Go / no Go test.

The inattention score in the intervention group did
not differ significantly after treatment, while the omission
score did so. This may be explained by the complex rela-
tionship between these skills. High omission errors do not
directly indicate inattentiveness; a slow reaction time with
high commission and omission errors indicates inatten-
tion in general (32). The same complexity accounts for im-
pulsivity, which may be reflected in a fast reaction time and
high commission error (32). These results highlight the
point that not all aspects of ADHD are measured by clini-
cal scales and measuring executive functioning may be a
suitable guide for response detection. Further studies may
also reveal possible temporal precedence of changes in ex-
ecutive function and clinical symptoms.

Another finding of the current study was that clinical
symptoms of children with ADHD were significantly de-
creased in terms of hyperactivity and oppositional symp-
toms as well as total score of ADHD, when PMT was pro-
vided to their parents. This finding is compatible with
previous reports (12, 33, 34). However, the current study
had the innovation of measuring executive function at the
same time that clinical improvement occurred. Results
of these studies also confirm better effect of treatment on
externalizing symptoms (hyperactivity and oppositional)
compared to inattention. This also adds evidence to the
fact that parenting has a powerful effect on mental and
physical health of children in a wide range (35).

This study had some limitations. Selected measure-
ments used in this study did not evaluate all aspects of ex-

ecutive functioning of the brain. However, as mentioned
before, this is the first report on the effect of PMT on ex-
ecutive functions and might be a basis for further stud-
ies that might utilize a wide range of assessments. This
study did not include parental factors, yet psychological
condition of parents may influence outcome of PMT (36).
Studies have reported that high levels of maternal ADHD
symptoms would influence their attention to details of
the method and organization and may decrease efficacy of
PMT (37). Considering the fact that ADHD is more preva-
lent among parents of children with ADHD, further studies
should overcome this limitation with careful evaluations.
Duration of the study was the other limitation. In addition,
longer follow-up is needed to trace any permanent bene-
fit. High dropout rate from the control group (RCC only)
could limit the result if it was because of the difference in
clinical symptoms (e.g. more severe symptoms). However,
the score of Conner’s rating scale for this group was not
significantly different from completers in week 8. Absence
of a sham intervention was also another limitation, which
could be addressed by further studies. There was also no
healthy control group that could show possible benefits of
PMT on children with no sign of ADHD. It is worth men-
tioning that we could not include a group of patients with
a definite diagnosis without treatment because of ethical
issues. Assessment of executive functions in home and
school environments will also provide useful information.
Results could be more reliable if the symptoms were rated
by someone other than educated parents. This could be
achieved by using the teacher’s version of Conner’s, yet was
not available in this study. Instruments like behavior rat-
ing inventory for executive function (BRIEF) could be help-
ful as it makes possible the assessment of aspects of EF,
which are related to daily life and have a parent and teacher
version.

5.1. Conclusion

Therapeutic effects of PMT for parents of children with
ADHD may not be limited to clinical symptoms and may
improve executive function as well. Furthermore, PMT
and other non-pharmacological approaches should be re-
garded as a complementary treatment to medications.
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