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Abstract

Background: The Stroop Color-Word Test is a classic instrument for the assessment of selective attention and inhibition control and is
a highly utilized instrument in research aspects of executive functions of the brain. The purpose of the present study was a preliminary
standardization of Stroop test among Iranian bilingual adolescents.

Methods: In this study, 150 subjects, including three groups of adolescents (12 — 13, 14 — 15, and 16 — 17-year-olds) were randomly
selected. Also, 30 subjects with attention-deficit hyperactivity disorder (ADHD) were selected for the study of differential validity. The instru-
ments of this study were Victoria Stroop Color- Word Test and Strengths and Difficulties Questionnaire (SDQ).

Results: Correlation coeffecients by test-retest in Stroop test for reaction times of three cards and reaction time interference were 0.86,
0.86, 0.93, and 0.64; and for errors of three cards and error interference were 0.67, 0.37, 0.81, and 0.75 respectively. All of the corellations
were significant. Differential validity by comparing ADHD and control group showed that there were significant differences among groups.
The results of age effect in Stroop variables showed that there were significant differences between age groups in reaction time of all cards
and error of the first and third cards; but sex did not show any significant effect on Stroop variables.

Conclusion: The findings suggest that reaction time and error of almost all cards of Stroop test are reliable and also have a good differen-
tial validity to discriminate ADHD from healthy controls in Iranian bilingual adolescents. Based on our findings, age but not sex is influential

on performance of Stroop test.
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Introduction

he Stroop Color-Word Test was initially developed by John

Ridley Stroop in 1935 for the evaluation of interference

effect in sequential verbal reactions.! The Stroop test is a
classic instrument for the assessment of selective attention and it
evaluates a construction of executive function that is named “inhi-
bition control”, an item which is also considered in the Wisconsin
Card Sorting Test and the Verbal Fluency Test.2®

The feasibility and diagnostic importance of Stroop test, es-
pecially in the assessment of selective attention and inhibition
control, has made this test to be a highly utilized instrument in
diagnostic and research aspects of executive functions.’

Due to the significant sensitivity of the Stroop test to effects of
damage or disturbance of the frontal lobe (executive functions)
and attention deficits, it is frequently used for the evaluation of
reactivity scales in this region of the brain. On the whole, the evi-
dence related to children, adolescents, and adults shows that the
Stroop test is a valid scale for the assessment of executive func-
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tion and selective attention in population with neurologic deficits.
According to the studies, evaluating the function of adults in the
Stroop test in different clinical diseases such as epilepsy, multi-
ple sclerosis, Parkinson, brain structural damage, and especially
schizophrenia, it is revealed that these disorders result in an abnor-
mal function compared with normal population.*

The Stroop Color-Word Test, the Victoria version called Victoria
Stroop Test (VST) developed by Spreen and Strauss (1998), is a
brief version of the Stroop task. VST has a short administration
time (around five minutes), and is a brief, easily administered,
and psychometrically sound version of Stroop’s original task.>®
Also, the VST includes an additional training task (i.e., naming
the colors of neutral words) that helps examinees establish the ap-
propriate response set (i.e., color naming) without exposure to the
interference condition.®

Regarding the verbal status of the test and the importance of the
words utterance speed in it, using the norms of other languages,
may be problematic because of this matter that even in different
accents of a language, the speed of utterance of the words is dif-
ferent. Therefore, using the norms of other languages may result
in a decreased psychometric properties and diagnostic value of
this neuropsychologic test. Hence, it is necessary that this instru-
ment be standardized among different groups of Iranian accents to
increase the accuracy of diagnostic and investigative purposes and
use it as a practical instrument to distinguish normal and abnormal
subjects.

The original version of the Stroop test is translated to different
languages and it has been a matter of debate about this test.” Ros-
selli, et al. evaluated English and Spanish monolingual subjects



and compared with Spanish-English bilingual subjects in order
to study the effect of language in the Stroop test. They found no
significant differences in Stroop scores between the two groups
except for color naming performance so that the bilinguals were
slower than monolinguals. Also, Moering, et al. found the signifi-
cant effect of age, education, sex, and the interaction of education
with sex in Stroop performance in their study on African-Amer-
ican adults aged 60 to 84 years.®

Despite recent studies on the Stroop interference effect, the role
of intelligence, age, sex, and language is not so clear because of
small sample size in most studies and also different versions of the
test used in them. The various versions of the test would empha-
size the need for the repetition of the results of the studies about
the effect of different variables on the test.

So, the present research was aimed to study the Persian (Farsi)
version of the Stroop test among the bilingual Turkish-Persian
adolescents in Tabriz, north-west of Iran to determine its validity
and reliability and investigate the normalized scores for this age
group.

Materials and Methods

The target population included the bilingual citizens in Tabriz,
north-west of Iran, aged 12 to 17 years.The total sample size was
200 students, 50 of whom were excluded due to higher scores
in Strengths and Difficulties Questionnaire (SDQ) subscales and
failure to complete the tasks; then the sample size consisted of
150 subjects in three age groups (12 — 13, 14 — 15, and 16 — 17
years ). This age categorization was due to assessing the impact
of age variations on the Stroop task and based on different devel-
opmental characteristics of adolescents in early, middle, and late
adolescence. The participants were selected by random cluster
sampling in the first stage and categorical random sampling in
the final stage. According to this sampling method, three of five
districts were randomly selected and two guidance schools (for
males and females) and two high schools (for males and females)
were chosen in each district. In fact, 25 students from guidance
schools (males and females) and 25 students from high schools
(males and females) (a total of 50 students in each district) were
selected finally and the Stroop test was administered. Since the
presnece of any psychiatric disorder might affect the ability of
subjects in the Stroop test, the adolescents were screened for psy-
chiatric disorders by SDQ and those with scores higher than cut-
off points in each subscale were excluded. Also, the history of
neurologic disorders such as brain injury, epilepsy, head trauma,
as well as the drug abuse were considered as exclusion criteria.

Also, 38 adolescents from among the excluded adolescents who
obtained higher scores in hyperactivity subscale of SDQ were se-
lected and evaluated to determine the discriminative validity. They
were interviewd by a psychologist to establish the clinical criteria
based on DSM-1V and as a result 30 of them met the criteria (11
females and 19 males, mean age: 14.6 years). In order to deter-
mine the test-retest reliability, after two weeks a second round of
evaluation with the same measure was undertaken among 30 sub-
jects who were randomly selected from among previous subjects.

Measures

Stroop test

The Stroop test, developed by Spreen and Strauss!® ( named as
VST), consists of three cards, 21.5 cm x 14 cm, that were present-
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ed to the subjects with this order: Card D (Dot), Card W (Word),
and Card C (Color). Each card has six rows and four columns.
Card D includes color dots (red, green, blue, and yellow) and the
participants were asked to name the colors of dots with a maxi-
mum speed possible. Card W includes words: “this”, “water”,
“to”, and “up” in Farsi that was printed with red, green, blue, and
yellow colors and the participants should rapidly name the color
of the words. Card C includes color-words and the color of the
words is red, yellow, blue, and green so that the color- words are
printed with incongruent color of the name (for example, the yel-
low word is printed with green color) and the participants should
rapidly name the color of the words. The naming order in all cards
is in length of the rows and from left to right. The reaction time
and the number of errors in each card were recorded for each par-
ticipant and the time difference and error between Cards C and D
were calculated.

Strengths and Difficulties Questionnaire (SDQ)

The SDQ is a screening tool for the diagnosis of emotional and
behavioral disorders in children and adolescents and includes 25
items and evaluates five main subgroups of psychiatric symptoms
i.e., conduct problems, hyperactivity, emotional symptoms, peer
problems, and prosocial behavior. This questionnaire has an im-
pact score showing the severity of problems to indicate whether
the severity of problems has resulted in daily and family life dys-
function.™ This questionnaire has three versions of parent, teacher,
and self-report; in this study the parent version was used. Tehrani-
doost, et al. showed good psychometric properties for parent and
teacher versions in the evaluation of Iranian chidren’s psychiatric
disorders.*?

Procedure

One hundred and fifty subjects in age groups of 12 — 13, 14— 15,
and 16 — 17 years and among districts 1, 3, and 5 were selected and
SDQ and the Stroop Color-Word Test were administered among
them. Each age group consisted of 50 subjects (25 males and 25
females). To analyze the data, the Pearson correlation coefficient
(for test-retest relaibility), independent-sample T (for discrimina-
tive validity), and one-way MANOVA (for the comparison of
normalized variables in different age groups and gender) were
used.

Results

The test-retest correlation coefficient of the Stroop test are
shown in Table 1.

According to Table 1, the corrrelation coefficient of all variables
of the Stroop test were significant and this showed reliability of
this test among the participants. The highest and the lowest corrre-
lation coefficients were related to Card 3 reaction time and Card 2
error with 0.93 and 0.37, respectively. The results of discrimina-
tive validity of Stroop test are shown in Table 2.

According to this table, there was a significant difference in re-
action time, error rate of any card, reaction time and error in-
terference between healthy and ADHD adolescents. According
to the mean of the groups, the differences showed that ADHD
children have poor performance in reaction time and error.

For the comparison of normalized indices of the Stroop test
as dependent variables among different age groups, we used
MANOVA. Regarding the significance level of the Wilks Lambda
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Table 1. The test-retest correlation coefficient of the Stroop test among sample

Card 1 reaction L Card 3 reaction Reaction time Card 1 Card 2 Card 3 Error
. Card 2 reaction time L X .
time time interference error error error interference
0.86** 0.86** 0.93** 0.64** 0.67** 0.37* 0.81** 0.75**
*P < 0.05; **P < 0.001.
Table 2. The results of independent-sample T- test of the Stroop test in different groups
Descriptive results T- test for equality of means
Mean Significance level df t
Card 1 reaction time 58 8.13
Normal 16.73 5.01
ADHD 30.38 7.70
Card 2 reaction time 0.001 58 7.61
Normal 23.65 5.38
ADHD 37.36 8.26
Card 3 reaction time 0.001 58 8.65
Normal 36.35 6.22
ADHD 54.84 9.91
Reaction time interference 0.002 58 3.33
Normal 19.63 3.53
ADHD 24.60 7.38
Card 1 error 0.008 58 2.76
Normal 0.06 0.25
ADHD 0.50 0.82
Card 2 error 0.003 58 3.05
Normal 0.7 0.83
ADHD 15 1.16
Card 3 error 0.001 58 5.88
Normal 1.93 1.41
ADHD 4.40 1.81
Error interference 0.001 58 4.57
Normal 1.86 1.40
ADHD 3.90 1.98
Table 3. The results of between-subjects effects of the Stroop test in study groups
Source of changes Dependent variable Sum of squares df Mean square F
Card 1 reaction time 813.79 2 406.89 92.53**
Card 2 reaction time 938.39 2 469.19 95.57**
Card 3 reaction time 1318.54 2 659.27 106.81**
Reaction time interference 160.01 2 80 15.88**
Group
Card 1 error 0.49 2 0.24 3.18*
Card 2 error 0.52 2 0.26 0.76
Card 3 error 13.08 2 6.54 4.18*
Error interference 10.61 2 5.30 3.44*
Card 1 reaction time 646.29 147 4.39
Card 2 reaction time 721.62 147 4.90
Card 3 reaction time 907.29 147 6.17
Reaction time interference 704.40 147 5.03
Error
Card 1 error 11.38 147 0.07
Card 2 error 49.72 147 0.33
Card 3 error 229.78 147 1.56
Error interfencree 226.16 147 1.53
* P <0.05; ** P <0.001.

in the analysis of variance (F = 13.75, P < 0.001), the general ef-
fect of groups on indices is determined. So, the results of between-
subjects effects of the Stroop test among study groups are shown
in Table 3. According to this table, there is a significant difference
among groups for all variables except Card 2 error.

Post-hoc comparison (Tukey) showed that there were signifi-
cant differences between third group (16-17- year- olds ) and two
other groups in the first and second cards reaction time, while in
the third card reaction time, there was a signicicant difference be-
tween three age groups. And finally, in reaction time subtraction,

382 Archives of Iranian Medicine, Volume 16, Number 7, July 2013

the first group (12 — 13-year-olds) had a significant difference
with two other groups (14 — 15 and 16 — 17-year-olds). It means
that the third group has spent less time for responding in Cards
1 and 2; but in Card 3, the third, second, and the first groups had
least to the most response time. About reaction time interference,
the second and the third groups had spent less time compared with
the first group.

About error rate in Card 1, the second and third groups were
significantly different and in the Card 3 error and also error sub-
traction, the difference was significant between the first and third



groups. It means that in Card 1, the third group had fewer er-
rors compared with second group, but in Card 3 error and error
subtraction, the third group had done fewer errors only compared
with the first group.

For the comparison of normalized indices of the Stroop test
among males and females, MANOVA was used. Since the Wilks
Lambda in the analysis of variance was not significant (F = 1.51,
P > 0.05), it may be concluded that the gender had no effect on
Stroop indices.

Discussion

The aim of the present study was a preliminary standardization
of Victoria Stroop Color-Word Test among Iranian bilingual Turk-
ish-Persian adolescents. The results showed that test-retest corre-
lation coefficient of this test was high for almost all of cards, and
it showed the good reliability of the Stroop test among Turkish-
Persian bilingual adolescents. However, to date there has been no
study to evaluate the psychometric properties of this test among
bilingual subjects, but our findings are in congruence with those
reports about its good reliability among children and adolescents.
For example, Graf, et al., Sack, et al., and Feinstein, et al. reported
a reliability higher than 0/80 for scores obtained in Stroop Color-
Word Test.’**> However, Ludvig, et al. who used the modified
version of the Stroop test among adults, showed that only the time
indices had a good reliability but there was no good reliability for
the error rate.1

For the assessment of validity of the Stroop test, different meth-
ods have been used among which the most common one is differ-
ential validity focusing more on ADHD and learning disorders.®
The differential validity in this study showed that the Stroop test
may differentiate ADHD children from healthy ones and then this
test has a good differential validity. This finding is in congruence
with studies that show ADHD subjects have poor executive func-
tion and are subsequently poor in the Stroop test performance.
Lufi, et al. showed that ADHD compared with emotional disor-
ders had a negative impact on color-word and interference per-
formance.'” In other words, the children with emotional disorders
had a better performance compared with ADHD children. Lavoie
and Charlebois similarly reported that the children with ADHD
had poorer performance in the Stroop test indices compared with
healthy children.’® Also, MacLeod and Proir demonstrated that in-
terference index scores may differentiate intermediatly between
ADHD and conduct disorder among adolescents.*® Totally, these
studies show that the Stroop test is intermediately sensitive to neu-
ropsychologic deficits observed in subjects with ADHD. The pre-
vious studies have reported that subjects with ADHD have deficits
in executive functions.?# These subjects often show problems in
concentration, attention, and response inhibition and the magnetic
resonance imaging (MRI) studies have revealed that these sub-
jects’ brain, in the frontal lobe, is not normaly assymetried and the
right hemispher is greater than the left hemispher.”

The results of our study also showed that the age is effective
in the performance of bilingual adolescents in the Stroop test so
that the age group of 16 — 17-year-olds have less reaction time
and error in most of indices. Of course, it was more significant
about reaction times compared with errors, and the errors in Card
2 showed no difference. As mentioned by Ludvig, et al.’® these
findings may show that in the Stroop test the reaction time is more
appropriate index compared with error rate. Although the previ-
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ous studies have reported the role of age in the Stroop test,” most
of these studies have been performed among adults. The life span
pattern effect on the Stroop test related to inhibition control, is
often seen as an increasing one during childhood?? and decreasing
at the end of adulthood.® According to the findings of the present
study, it may be concluded that the inhibition control has also an
increasing trend in adolescence.

The results of this study showed that the gender of the subjects
had no effect on participants’ performance in the Stroop test,
which is in contrast to those reported by previous studies.® Also,
Mitrushina, et al. reported a controversy in effect of gender in the
Stroop test performance.! Moering, et al. mentioned that the small
sample size for gender differences analysis in Stroop studies may
induce invalid results.® Accordingly, further studies should be car-
ried out to determine the exact impact of gender on the Stroop test.
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