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Validity, Reliability and Normative Data of The Stroop Test Capa
Version
¢

Derya Durusu EMEK SAVAS'®, Deniz YERLIKAYA2®, Gorsev G. YENER3®,
Oget OKTEM TANOR‘

SUMMARY

Objective: The Stroop test Capa version does not have normative data, despite its extensive use in clinical and research settings to assess executive
functions. The aim of the present study was to test the validity and reliability of the Stroop test Capa version and to establish stratified normative
data in individuals aged between 18-83 years.

Method: The norm determination phase of the study included 541 healthy participants, stratified by age, education, and gender. The relative
contributions of the demographic variables on the completion times of Stroop subtests were assessed with multiple linear regression analysis. The
main effects of age, education and gender variables and of interactions between these on the completion times of subtests were investigated with
6x3x2 ANOVA design. In addition, the concurrent validity, test-retest reliability and internal consistency of the test were examined.

Results: Multiple linear regression models that included age and education accounted for 23-42% of the completion time variances of all subtests.
In the factorial ANOVA, main effects, as well as interaction effects of age and education were found on all subtests. For all Stroop subtests, the
completion times were the shortest for the individuals in the 18-29 age group with the highest education level and longest for the individuals in the
70-83 age group with the lowest education level. The test demonstrated acceptable internal consistency and high test-retest reliability.

Conclusion: Normative data of the Stroop Test Capa Version were provided for the assessment of executive functions in young and middle-aged
adults and elderly population.
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INTRODUCTION colour-word stimuli (e.g., the task requires to read the word

“red” printed in blue ink or to name the colour of the ink

The Stroop test is a widely used executive function test to e of reading the word). Successful performance requires

evaluate se.lec.tn./e. attention, sp e.ecll of mf(.)rr.n.atlon Processing, o inhibit an automatic behaviour (i.e., reading) in favour of
response inhibition and cognitive flexibility. The original
test was developed by John Ridley Stroop in 1935, but there

are several versions of the test currently in use. While the

a less practiced one (i.c., naming the colour of the ink). The
attempt to inhibit automatic behaviour causes interference
and results in longer reaction times, which is known as the

number and type of stimuli and the task sequence vary in Stroop cffect (Stroop 1935).

different Stroop versions (Strauss et al. 2006); they all reveal a
phenomenon called the Stroop effect. In general, the Stroop ~ Functional — neuroimaging studies showed increased
effect occurs when individuals are presented with incongruent  activation in the anterior cingulate cortex, which is strongly
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implicated in selective attention, as well as in the middle
frontal gyrus, motor areas and temporal lobe regions during
Stroop performance (Alvarez and Emory 2006). While the
Stroop test is known to be a sensitive tool for frontal lobe
damage, several studies indicated that the brain activation
during complex tasks such as the Stroop is not restricted to
the frontal lobes but distributed to a larger neural network
(Cohen et al. 1990, Alvarez and Emory 2006). Bilateral
superior medial frontal lesions were found to be associated
with increased number of errors and delayed reaction times on
the Stroop incongruent condition; hence, error analysis was
suggested to be considered in the assessment of populations
with neurological disorders (Stuss et al. 2001). In addition to
frontal lobe lesions, Stroop performance was reported to be
impaired in neurological and psychiatric disorders (Kang et
al. 2013), including Alzheimer’s disease (Bondi et al. 2002),
Parkinson’s disease and frontotemporal dementia (Hsich et al.
2008), attention deficit hyperactivity disorder (Balint et al.
2009, Rapport et al. 2001), major depression (Kravariti et
al. 2009), bipolar disorder (Kravariti et al. 2009, Torrent et
al. 2006) and schizophrenia (Camozzato and Chaves 2002).

The Stroop test is one of the most frequenty used
neuropsychological tests in Turkey and worldwide, as it is
quickly administrable to various age groups and suitable for
bedside examination. The most commonly used versions of
Stroop include the Golden (1978), Victoria (Regard 1981),
Dodrill (1978) and Comalli/Kaplan (Comalli et al. 1962).
The Kaplan version uses the same subtests developed by
Commali et al. (1962), but the order of administration
is different (Strauss et al. 2006, Mitrushina et al. 2005).
Different administration methods of Stroop require separate
normative data for each version.

The Stroop test TBAG version, which is a combination of
the original test (Stroop 1935) and the Victoria Stroop
Test (VST) (Spreen and Strauss 1991), was developed and
standardized for Turkish by Karakas (2004), along with other
neuropsychological tests within the BILNOT battery. While
the VST has three conditions, the TBAG version has five. The
participant is required to read colour names, name colours
of dots and neutral words and lastly, name colours of words
printed in incongruent colours (Karakas 2004).

The Stroop test Capa version used in the current study is
an adaptation of a Stroop version developed by Weintraub
(2000), by the Laboratory of Neuropsychology in the
Behavioural Neurology and Movement Disorders Unit
at Istanbul University Faculty of Medicine (Cipa). The
administration of the Capa version is similar to the Kaplan
version. The participants are firstly asked to name the colour
of rectangles, then to read the colour names and finally to
name the colour of the colour words printed in incongruent
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colours, respectively. The number of errors and spontaneous
corrections made is also counted. While the original
Kaplan version has three conditions and 100 items in each
condition, the Capa version consists of three conditions and
60 items in each condition. Previous studies showed that
long administration times may cause fatigue in elderly and
patient populations, which result in poor test performance;
thus, short test forms are recommended (Klein et al. 1997,
Troyer et al. 2006, Kang et al. 2013). Kang et al. (2013)
evaluated the validity of an abbreviated form of the Kaplan
version by comparing the completion times of the first- and
second-halves of the test. The authors concluded that the
Stroop effect was evident in both halves and therefore, the
abbreviated version including 50 items for each subtest should
be sufficient to assess the speed of information processing and
response inhibition in the elderly (Kang et al. 2013).

There are some differences between the Capa and TBAG
versions of the Stroop test that are currently used in Turkey.
Compared to TBAG, the Capa version (1) takes into account
the number of errors and spontancous corrections; (2) has
fewer conditions and therefore, the administration time is
shorter; (3) detects any presence of colour blindness or colour
naming deficits in participants in the first condition; (4)
would allow for a more accurate representation of the elderly
population, as the research design includes three consecutive
age groups for individuals over 50 years of age; and (5) is
more accessible and widely-used with the test materials being
available free of charge.

The Stroop test Capa version has been used extensively
in various hospitals, clinics and research settings without
available normative data. However, standardized and
well-normed measures are needed to avoid subjective and
erroneous interpretation of test results. In an unpublished
master’s thesis, Tumag (1997) provided normative data for
the Capa version on a sample of 180 adults across three age
groups (15-28, 32-45 and 50-75 years) and three levels of
education (low, moderate and high). Stroop performance
was reported to be significantly better in the 15-28 age group
compared to the 50-75 age group and in the high education

group compared to the low education one in all conditions

(Tumag 1997).

Previous studies investigating the effects of age, education and
gender on Stroop performance have consistently reported that
aging negatively affects the test performance (Graf etal. 1995,
Ivnik et al. 1996, Klein et al. 1997, Lucas et al. 2005, Van der
Elst et al. 2006, Moering et al. 2004, Karakas 2004). Studies
also reported a significant effect of education on Stroop
performance, indicating that individuals with higher levels of
education had shorter completion times (Ivnik et al. 1996,
Moering et al. 2004, Van der Elst et al. 2006, Karakas 2004).



On the other hand, gender differences in Stroop performance
were found to be relatively small. Several studies did not
find any significant differences between male and female
participants (Ivnik et al. 1996, Lucas et al. 2005, Troyer et al.
2006, Zalonis et al. 2009, Bayard et al. 2011, Bezdicek et al.
2015, Karakas 2004), yet few studies reported that females
significantly outperformed males on Stroop test (Moering et
al. 2004, Van der Elst et al. 2006, Seo et al. 2008).

The present study aimed to test the concurrent validity, test-
retest reliability and internal consistency of the Stroop test
Capa version, which has been widely used in Turkey without
available norms, and to provide normative data stratified
according to demographic variables for healthy adults aged
18-83 years. In line with this, the effects of age, education and
gender on Stroop performance were examined.

METHOD
Participants

The study included 549 healthy individuals aged between 18-
83 years. In line with previous studies (Hankee et al. 2016,
Kang et al. 2013, Zalonis et al. 2009), the total sample was
first divided into six subgroups (18-29, 30-39, 40-49, 50-
59, 60-69 and 70-83 years) by decade of age and then into
three strata of educational levels as low (5-8 years), moderate
(9-11 years) and high (12 years and above) education. Data
collection phase also accounted for gender along with age and
education and each subgroup in the 6 x 3 x2 ANOVA design
included at least 10 participants.

Participants aged 18-49 years were recruited from various
community sources including announcements in university
billboards. Following a detailed personal and medical history,

participants were administered the Stroop test Capa version
and the original Trail Making Test (TMT) (Reitan 1955).

The study population over 50 years of age consisted of
healthy volunteers who participated in previous research
studies conducted between 2011-2018 in the Department
of Neurosciences at Dokuz Eylul University. The original
screening  procedures included a detailed neurological
examination, laboratory tests, structural magnetic resonance
imaging (MRI) and neuropsychological assessment regarding
attention, memory, executive functions, visuospatial abilities
and language. These individuals were also questioned for
and did not report any subjective cognitive complaints. The
Stroop test Capa version was administered with the following

tests as part of the routine neuropsychological assessment.

The Mini-Mental State Examination (Folstein et al. 1975) is
a brief screening test to assess orientation, memory, attention,
calculation, and language abilities. Giingen et al. (2002)

suggested the cut-off score of 23/24 to detect mild dementia
in the elderly Turkish population. The Oktem Verbal
Memory Processes Test (OVMPT) (Oktem 1992) is a test
of short- and long-term verbal episodic memory, standardized
and validated for the Turkish population (Oktem 2011). The
Visual Reproduction Subtest of the Wechsler Memory
Scale-Revised (WMS-R) (Wechsler 1987) is a test of short-
term and long-term visual memory. The validity and reliability
of the test were established by Karakas et al. (1996) and the
normative data were provided by Mollahasanoglu (2002)
for the Turkish population. The WMS-R Digit Span Test
(Wechsler 1987) consists of two parts: Digit Span Forward
and Digit Span Backward. The validity and reliability of
the test were established by Karakas et al. (1996) and the
normative data were provided by Mollahasanoglu (2002) for
the Turkish population. The Verbal Fluency Tests are used
to assess semantic (i.e., animal) and phonemic (i.e., K, A, S)
fluency. The normative data for the Turkish population were
provided by Tumag (1997). The Clock Drawing Test (CDT)
is used to assess planning, abstract thinking and visuospatial/
constructive abilities. Individuals were presented with a
pre-drawn circle 10 cm in diameter and asked to put in the
numbers of the clock and then to set the time to ‘10 past 11°.
The CDT was scored according to the Manos and Wu (1994)
scoring method, which was standardized and normed for the
Turkish population over 50 years of age by Emek-Savas et al.
(2018). The Boston Naming Test (Kaplan et al. 1983) is a
tool to assess confrontation naming ability. The present study
used the 15-item short form (Mack et al. 1992), for which the
normative data have not yet been formally published for the
Turkish population. The Geriatric Depression Scale (GDS)
(Yesavage et al. 1983) consists of 30 “Yes/No” questions to
detect symptoms of depression in the elderly population. The
GDS was validated for the Turkish population by Ertan et al.
(1997) and the optimal cut-off score was 14.

Neuropsychological ~ assessment  was  performed by
neuropsychologists. The presence of depressive symptoms was
evaluated by clinical interview and the GDS. The exclusion
criteria for all participants consisted of any neurological or
psychiatric disease, use of medication known to interfere with
cognition, uncontrolled medical illness, history of alcohol or
substance abuse, and/or head trauma with unconsciousness.
Furthermore, additional exclusion criteria were applied for
individuals over age 50 which included: (1) test scores below
the age- and education-adjusted norms; (2) MMSE scores
below 27; (3) GDS scores 14 and above; and (4) presence
of severe vascular lesions (i.e., Fazekas score 2 and 3) and/or

atrophy on structural brain MR

As the Stroop effect requires automatic and fluent
reading ability, the present study included participants
who had a minimum of five years of formal education,
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Table 1. Demographic and Clinical Characteristics of Study Participants

Age Groups
Levels of 18-29 30-39 40-49 50-59 60-69 70-83
Education
N 23 22 22 26 36 28
Age 22.26 + 3.99 34.27 + 3.64 44.18 + 3.38 54.38 + 2.64 64.31 + 2.85 74.0 + 3.50
Low Education 7.74 +0.86 5.95+ 1.43 5.55 + 1.10 5.92 + 1.35 6.22+1.38 6.00 + 1.41
Education
Gender (M/F) 11/12 10/12 10/12 11/15 18/18 13/15
MMSE - - - 28.50 + 1.29 28.73 + 1.08 28.71 + 0.83
N 22 23 24 29 24 22
Age 23.05 + 2.19 35.00 + 3.00 44.17 + 3.23 54.21 + 2.64 64.71 + 3.09 75.86 + 3.73
Moderate Education 10.86 + 0.46 10.74 + 0.54 11.00 + 0.00 10.86 + 0.44 10.92 + 0.41 10.95 + 0.21
Education
Gender (M/F) 11/11 12/11 12/12 11/18 10/14 11/11
MMSE . : B 29.15 + 0.90 28.86 £ 0.95 29.08 + 0.90
N 62 30 26 43 51 28
Age 23.56 + 2.86 33.13 £ 2.93 45.85 £ 2.95 55.77 £ 2.70 64.61 + 3.21 7471 + 4.26
S&gh ) Education 14.92 + 2.66 16.63 + 2.37 15.77 + 2.67 1521 + 1.77 15.39 + 2.36 15.89 + 2.06
ucation
Gender (M/F) 30/32 18/12 12/14 14/29 28/23 15/13
MMSE - - B, 29.37 + 0.88 29.29 £ 0.90 29.45 + 0.80

MMSE: Mini-Mental State Examination Test; M: Male; F: Female; Low education: 5-8 years; Moderate education: 9-11 years; High education: 12 years and above.

which corresponds to primary education in Turkey. The
demographic characteristics of the participants are presented
in Table 1. The Supplementary Table 1 shows the detailed
neuropsychological test scores of the study participants over
age 50 stratified by age and level of education. The study
protocol was approved by the ethics committee of the Dokuz
Eylul University (13.07.2017; approval ID: 20170/18-02).

Materials
Stroop 1est Capa Version

The Stroop test Capa version is an adaptation of a Stroop
version developed by Weintraub (2000), by the Laboratory of
Neuropsychology at Istanbul University Faculty of Medicine
(Capa). The test consists of two cards, each containing 60
items, presented in six rows of 10 items. On the first card,
there are small rectangles (0.5 x 1 cm) printed in red, green
and blue. The second card contains names of the three colours
(i.e., red, green and blue) printed in incongruent colours (e.g.,
the word ‘red’ is printed in blue ink).

The Stroop test Capa version consists of three parts: Stroop A,
Stroop B and Stroop C.

Stroop A. The first part of the test requires individuals to name
the colours (i.e., red, green and blue) of the small rectangles
as quickly as possible, following a sequence from left to right.
If any sign of colour blindness or colour naming deficits is
present, the test is discontinued.

Stroop B. The second part of the test requires individuals to
read as fast as possible the colour names (i.e., red, green and
blue) that are printed in incongruent ink colours.
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Stroop C. The last part requires individuals to name the colour
of the ink the words are printed in (i.e., red, green and blue),
instead of reading the words. The phenomenon known as the
Stroop effect is revealed in this part because the inhibition
of an automatic behaviour to perform an unusual one causes

“interference”.

On each part, an individual’s performance is timed in seconds
with a chronometer and recorded. On Stroop C, the number
of errors and number of spontaneous corrections is also
recorded. The “resistance to interference” (Stroop D), often
used in clinical assessment is calculated as the reaction time
difference between Stroop C and Stroop B.

Trail Making Test (TMT)

The TMT is a commonly used neuropsychological test to
assess attention, response inhibition and cognitive flexibility.
The original TMT was used in the current study (Reitan
1955). The TMT consists of two parts. The first parc (TMT
A) requires individuals to draw a line connecting circles with
numbers in them (1-25) in numerical order, without lifting
the pen from the paper. The second part (TMT B) consists of
letters from A to L and numbers from 1 to 13, and individuals
should draw a line alternating between numbers and letters
in sequential order (i.e., 1-A, 2-B, 3-C...). Before each part,
a practice trial is administered. The response times and the
number of errors for each part are recorded.

A Turkish version of the TMT has been standardized using
the Turkish alphabet for TMT B (Cangoz et al. 2009). The
normative data for healthy adults aged 18-49 years were



provided by Tiirkes et al. (2015) and for individuals over age
50 by Cangoz et al. (2009).

Statistical Analysis

Statistical analyses were performed using SPSS v. 24.0. The
following measures were included in the analyses: (1) the time
to name the colours of rectangles (Stroop A); (2) the time to
read the colour names (Stroop B); (3) the time to name the
colour of the ink (Stroop C); (4) the number of spontaneous
corrections in Stroop C; (5) the number of errors in Stroop
C; and (6) the calculated time of resistance to interference
(Stroop D).

The relative contributions of age (in years), education (in
years) and gender variables on Stroop A, Stroop B, Stroop
C and Swoop D performances were examined using
stepwise multiple linear regression analysis. The variables
were included in regression analyses with the order of age,
education and gender. Age and education were entered as
continuous variables and gender was coded as 0 or 1 for males

and females, respectively.

The main effects of age (18-29, 30-39, 40-49, 50-59, 60-69,
and 70-83 years), education (5-8, 9-11, and 212 years) and
gender (male, female) variables and of interactions between
them on test scores were investigated with a series of 6 x 3
x 2 ANOVA. Bonferroni correction was employed for post-
hoc analysis. The number of spontaneous corrections and the
number of errors on Stroop C were compared between age
and education subgroups using the Chi-square test.

The concurrent validity was determined with Pearson
correlation analysis by examining correlations between the
Stroop C and TMT A, TMT B and TMT B-A scores, which
are known to tap similar cognitive functions. The test-retest
reliability was assessed with Pearson correlation analysis and
the internal consistency was tested with Cronbach’s alpha.

A value of p<0.05 was considered statistically significant for
all analyses.

RESULTS

The assumptions of multiple linear regression and ANOVA
were tested and met. Outliers were identified (a z-score
value of +/- 3) for all test scores and excluded from further
analysis. Six participants had Stroop D scores three standard
deviations (SD) below the group mean. These individuals
had longer response times on Stroop B compared to Stroop
A, indicating poor reading skills; which resulted in extremely
shorter Stroop D measures. As previous studies showed that
automatic reading ability is necessary to reveal reliable Stroop
interference (MacLeod and Dunbar, 1988; Ivnik et al., 1996),

these participants were excluded from the study. Moreover,
two participants whose TMT B-A scores exceeding the group
mean + 3 SD were excluded from the study.

Prior to multiple linear regression analysis, multivariate
outliers were determined by calculating the Mahalanobis
distance forall test scores. The threshold value for Mahalanobis
distance was determined as df:3 and 16.266 for p<0.001.
No multivariate outliers were detected. Thereafter, other
assumptions of multiple linear regression analysis, linearity
and multicollinearity, were tested respectively. Demographic
variables included in the model showed linear relationships
with test scores, and multicollinearity was not detected. The
assumptions of normality and homoscedasticity of errors
were tested by examining the scatter plots of standardized
residuals and standardized predicted values. The assumption
of independence of errors was tested with the Durbin-Watson
test. Multiple linear regression analysis requires at least 40
participants for each independent variable in the model
(Tabachnick and Fidell 2013). The final sample consisting of
541 participants met this requirement.

Prior to factorial ANOVA, histogram graphs and skewness
values of Stroop A, Stroop B, Stroop C and Stroop D
scores were examined for each subgroup to test the normal
distribution of the data.

Multiple Linear Regression Analysis Results

The relative contributions of the age, education and gender
variables on Stroop A, Stroop B, Stroop C and Stroop D scores
were examined. Gender did not contribute to the regression
model for any subtest score. However, age and education
significantly influenced all Stroop subtest scores. The
regression model including age and education accounted for
23-42% of total variance for all Stroop subtest scores (Table
2), indicating that older age and a lower level of education
are associated with poorer performance on all Stroop subtests.

Factorial ANOVA Results
Stroop A

Main effects of age [F ,=26.509, p<0.001] and education
[F(2’505)=17.439, p<0.001] and an interaction effect of age x
education [F . - =2.458, p=0.007] were found on Stroop
A scores. The main effect of gender was not significant
[F | 505=0-650, p=0.421]. Post-hoc comparisons did not
reveal significant differences between the 18-29 and 30-39
age groups and between the 40-49 and 50-59 age groups on
Stroop A scores. The 50-59 age group performed better than
the 60-69 age group on Stroop A; however, the difference
between groups did not reach statistical significance
(p=0.050). Significant differences were found between all
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Table 2. Stepwise Multiple Linear Regression of Age (in years) and Education (in years) on Stroop Scores

b Standard error i t P R? ANOVA

Stroop A (Constant) 35.120 1.321 26.593 <.001 249 F(2I538)=89.220, p<.001
Age 195 .018 411 10.960 <.001
Education -.506 .075 -.253 -6.749 <.001

Stroop B (Constant) 30.980 1.240 24.982 <.001 353 F(z,sas):146‘850’ p<.001
Age 212 .017 441 12.667 <.001
Education -.740 .070 -.366 -10.509 <.001

Stroop C (Constant) 61.348 2.533 24.222 <.001 418 F,535=192.944, p<.001
Age .570 .034 551 16.703 <.001
Education -1.29 144 -.297 -8.989 <.001

Stroop D (Constant) 30.439 2319 13.127 <001 225 F,5=78.311, p<.001
Age .357 .031 435 11.424 <.001
Education =552 132 -.160 -4.194 <.001

other age groups, indicating better performances in younger Stroop B

age groups (for all, p<0.015).

Pairwise comparisons showed that the high education group
(212 years) had better Stroop A performances than the
moderate and low education groups (p<0.001). The Stroop A
scores did not differ between the low and moderate education
groups (p=0.058). The interactions of age and education on

Stroop A scores are summarized in Table 3a and 3b.

Table 3a. Comparisons between Age Groups Stratified by Levels of Education

Main effects of age [F (

[F 505
education [F

5,505)=35.582, p<0.001] and education
=48.297, p<0.001] and an interaction effect of age x
(10.505=3-504, p<0.001] were found on Stroop
B scores. The main effect of gender was not significant
[ 1505
significant differences between the 18-29 and 30-39 age
groups, the 40-49 and 50-59 age groups and the 50-59 and

,=0.027, p=0.869]. Post-hoc comparisons did not reveal

Levels of Age 18-29 30-39 40-49 50-59 60-69 70+
Education Groups
18-29 - B,C B,C B,C A,B,C
30-39 A,B,C A,B,C A B,C A, B,C
Low 40-49 _ ; B
Education 50-59 _ B
60-69 B
70+
18-29 - C,D A, C D A,B,C D A,B,C,D
30-39 - - A,B,C,D A,B,C, D
Moderate 40-49 - A, B, C A,B,C
Education 50-59 C D A,B,C
60-69 B
70+
18-29 - C,D A,B,C, D A, B,C,D A,B,C, D
30-39 - C,D A,B,C,D A,B,C,D
High 40-49 - - G, D
Education 50-59 _ C, D
60-69 C D
70+

Low education: 5-8 years; Moderate education: 9-11 years; High education: 212 years; A: Stroop A; B: Stroop B; C: Stroop C; D: Stroop D.
In multiple comparisons, Stroop subtests that remain significant after Bonferroni correction were reported.

The “-” sign indicates no significant difference between the compared groups (p>.05).
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Table 3b. Comparisons etween Education Groups Stratified by Age

Table 4. Normative Values for the Stroop A

Age Levels of Education 5-8 9-11 +12 Levels of Education
Groups Low Moderate High
e Beleniton - C, D Education Education Education
18-29 Moderate Education - Age
Groups
High Education
n (23) (22) (62)
Low Education - -
Mean + SD  37.48 +9.67  32.36 +5.51  33.56 + 6.37
30-39 Moderate Education - 1829 59% 24.60 26.00 2417
Hlih Eilusiton Median 36.00 32.00 33.00
g S B AB.C 95% 68.40 49.35 4385
40-49 Moderate Education C 0 22) (23) 30)
High Education Mean+SD  35.32:7.55 3348526  33.20 £6.95
Low Education B B, C 30-39 5% 25.00 26.40 25.00
50-59 Moderate Education - Median 33.50 36.00 31.50
High Education 95% 48.85 44.00 49.50
Low Education - B,C n (48) (53) (69)
60-69 Moderate Education A, B, C,D Mean + SD  42.58 + 10.06 38.81 +7.49  37.04 £ 5.75
High Education 40-59 5% 26.80 26.00 28.00
L Bilneren _ A B Median 41.00 38.00 37.00
70+ Moderate Education A, B 95% 68.20 52.30 46.00
High Education n (36) (24 61
Low education: 5-8 years; Moderate education: 9-11 years; High education: 212 Mean £ SD 4247 +8.85 44.67 +7.28 39.31 £6.61
years; A: Stroop A; B: Stroop B; C: Stroop C; D: Stroop D. 60-69 5% 31.00 31.25 28.60
In multiple comparisons, the Stroop subtests that remain significant after
Bonferroni correction were reported. Median 40.00 44.00 40.00
;l;}:(;‘;’)’.sign indicates no significant difference between the compared groups 95% 64.05 59.00 52.00
n (28) (22) (28)
60-69 S B Sienifi diff Mean + SD  46.54 £ 6.97 49.27 £ 11.46  40.36 + 5.65
- T n I res. vignirican 1reren
P agedgboups © llt OEP scores gf CTI t 0 8268 ces 70+ 5% 34.45 34.45 29.90
WEre roun etween all other age groups (for a <VU. .
ge groups ( ' P ) Median 47.00 46.00 40.50
Moreover, pairwise comparisons revealed significant 95% 61.10 79.05 50.00

differences between all educational groups (p<0.001),
indicating improved Stroop B performance with higher levels
of education. The interactions of age and education on Stroop
B scores are summarized in Table 3a and 3b.

Stroop C
Main effects of age (F,

[F(Z,SOS)
education [F (

5.505,=49.626, p<0.001] and education
= 31.186, p<0.001] and an interaction effect of age x
10505=1-871, p=0.047] were found on Stroop
C scores. The main effect of gender was not significant
[F505=0.005, p=0.944]. In
significant differences were found between all age groups
(for all, p<0.047), except the 40-49 and 50-59 age groups

on Stroop C scores. Pairwise comparisons revealed significant

post-hoc  comparisons,

differences between all educational groups (p<0.021). The
interactions of age and education on Stroop C scores are
summarized in Table 3a and 3b.

No significant differences were observed between male and
female participants [y?(5)=3.464, p=0.629] or between
age groups [%%(25)=28.897, p=0.268] on the number of

Low education: 5-8 years; Moderate education: 9-11 years; High education: 12 years
and above; SD: Standard deviation.

spontaneous corrections in Stroop C. However, the number
of spontaneous corrections differed between educational
groups [x*(10)=66.411, p<0.001]. Pairwise comparisons
revealed significant differences between all educational
groups (p<0.013), indicating higher numbers of spontaneous
corrections in the low education group compared to moderate
and high education groups and in the moderate education
group compared to the high education group.

No significant differences were observed between male and
female participants [2(5)=7.624, p=0.178] or between age
groups [%%(25)=32.026, p=0.157] on the number of errors
in Stroop C. However, the number of errors differed between
educational groups [y?(10)=30.277, p=0.001]. Pairwise
comparisons revealed higher numbers of errors in low and
moderate education groups compared to the high education
group (p<0.0006). No significant difference was found between
low and moderate education groups (p=0.242).
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Stroop D

Main effects of age [F(

(F 5505
education [F (

5’505):21.981, p<0.001] and education
):6.577, p=0.002] and an interaction effect of age x
10505=2-300, p=0.012] were found on Stroop
D scores, which is calculated as the reaction time difference
between Stroop C and Stroop B. The main effect of gender
(1505=0-005,  p=0.945].  Post-hoc
comparisons did not reveal significant differences between
the 40-49 and 50-59 age groups, the 40-49 and 60-69 age
groups and the 50-59 and 60-69 age groups on Stroop D

was not significant [F

scores. Significant differences were found between all other
age groups (for all, p<0.046).

Pairwise comparisons showed that the high education group
had better Stroop D performances than the moderate and
low education groups (p<0.001). The Stroop D scores did
not differ between the low and moderate education groups.

Table 5. Normative Values for the Stroop B

The interactions of age and education on Stroop D scores are

summarized in Table 3a and 3b.

Normative Data

As there were no main or interaction effects of gender on
any subtest score, the normative data were not stratified
by gender. Moreover, there were no significant differences
between the 40-49 and 50-59 age groups on any subtest score
and the Stroop performances of these age groups did not
differ according to educational levels (p>0.05; Table 3a). In
line with these findings, the normative data were established

for the 40-59 age group.

The normative data (means and standard deviations) for
the completion time of each Stroop subtest stratified by age
and education are presented in Tables 4-7. Tables 6b and

Table 6a. Normative Values for the Stroop C

Levels of Education Levels of Education
Low Moderate High Low Moderate High
Education Education Education Education Education Education
Age Age
Groups Groups
n (23) (22) (62) n (23) (22) (62)
Mean + SD  29.61 +7.43  27.95+6.14 26.34+4.77 Mean + SD  68.39 +13.93 58.00 + 10.26  55.02 + 9.41
18-29 5% 20.40 20.30 19.00 18-29 5% 41.20 41.90 38.00
Median 27.00 27.00 26.00 Median 66.00 55.50 54.50
95% 43.80 47.60 35.85 95% 95.00 81.85 72.40
n (22) (23) (30) n (22) (23) (30)
Mean + SD  31.32+7.66  29.52+5.88  26.67 + 4.02 Mean + SD  68.68 + 13.66  68.52 + 15.66  59.30 + 10.59
30-39 5% 20.45 19.60 20.10 30-39 5% 41.35 49.20 40.65
Median 29.50 28.00 27.00 Median 68.00 67.00 58.00
95% 45.85 41.00 35.80 95% 89.70 107.80 78.45
n (48) (53) (69) n (48) (53) (69)
Mean +SD  38.00 +7.50  32.47+5.77  30.19 +5.28 Mean + SD  84.08 +13.31 76.89 +15.84 71.22 £15.59
40-59 5% 25.00 23.00 21.50 40-59 5% 65.48 50.00 51.00
Median 37.00 32.00 30.00 Median 84.00 74.00 67.00
95% 50.55 42.30 40.00 95% 111.40 105.60 99.00
n (36) (24) (51) n (36) (24) (51)
Mean + SD  37.67 £8.72  37.21+9.46  31.86 + 6.55 Mean + SD  86.14+17.70 90.67 + 19.48  73.61 £12.15
60-69 5% 26.25 23.50 25.00 60-69 5% 63.40 58.25 53.00
Median 36.00 35.50 30.00 Median 80.00 88.00 73.00
95% 56.00 58.50 48.20 95% 117.45 126.00 95.40
n (28) (22) (28) n (28) (22) (28)
Mean + SD  45.54 £+ 8.18  44.64 £ 12.97  32.39 +5.91 Mean + SD  92.89 +17.78 95.32+18.44 85.54 +15.01
70+ 5% 32.00 26.60 24.00 70+ 5% 68.35 77.00 62.80
Median 46.00 40.00 31.50 Median 90.00 88.50 86.50
95% 61.00 79.60 46.05 95% 120.55 136.05 108.55

Low education: 5-8 years; Moderate education: 9-11 years; High education: 12
years and above; SD: Standard deviation.
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Table 6b. Normative Values for the Number Spontaneous Corrections

Table 6¢. Normative Values for the Number of Errors on Stroop C

S C
oft Stroop Levels of Education
Levels of Education
Low Moderate High
Low Moderate High Education Education Education
Education Education Education
Age Number of
Age Number of Groups Errors
Groups ~ Spontaneous
Clomaaiiams Mean 0.35 0.18 0.05
(+ 1 SD) (0.00-0.92) (0.00-0.58) (0.00 —0.27)
Mean 1.78 1.18 0.48
(+1SD) (0.40 —3.16) (0.27—-2.09) (0.00 — 1.24) Frequency
Frequency 0 69.6 81.8 95.2
18-29
0 17.4 22.7 66.1 1 26.1 18.2 4.8
18-29 1 30.4 455 21.0 2 4.3 0 0
2 26.1 22.7 11.3 3 0 0 0
3 13.0 9.1 1.6 =5 0 0 0
>3 13.0 0 0 Mean 0.32 0.17 0.07
Mean 173 143 0.53 (+1SD)  (0.00-0.97) (0.00—0.66) (0.00- 0.44)
(+1SD) (0.38-3.08) (0.09-2.77) (0.00 - 1.35) Frequency
gy 0 77.3 87.0 96.7
2030 0 22.7 30.4 63.3 30-39 1 13.6 8.7 0
1 22.7 21.7 23.3 5 9.1 43 33
2 22. 4.8 10.0
/ - 3 0 0 0
3 27.3 4.3 33
>3 0 0 0
>3 4.5 8.6 0
Mean 0.40 0.38 0.30
Mean 171 0.85 0.87 (+1SD)  (0.00-1.38) (0.00-1.17) (0.00 —1.09)
=1SD)  (0.00—3.17) (0.00—1.97) (0.00—1.98)
Frequency
Frequency
0 79.2 77 .4 82.6
0 27.1 0.9 3.6 -
40-59 ° ° 020 1 12,5 11.3 10.1
1 20.8 26.4 18.8
2 2.1 7.5 29
2 25.0 13.2 15.9 3 42 3.8 2.9
3 10.4 7.5 10.1 23 21 0 1.4
3 16.7 1.9 1.4
- Mean 0.67 0.46 0.18
Mean 1.42 1.54 1.00 (+ 1SD) (0.00-1.98) (0.00—1.34) (0.00 — 0.74)
(+1SD) (0.00-2.92) (0.00-3.21) (0.00-2.31)
Frequency
Frequency
. . 0 75.0 75.0 88.2
0 1.7 37.5 7.1 60-69
- 1 5.6 8.3 7.8
=5 1 13.9 20.8 29.4
2 5.6 12.5 2.0
2 19.4 16.7 9.8
3 5.6 4.2 2.0
3 13.9 8.3 7.8
9 111 166 5.9 > 83 0 0
Mean 0.75 0.55 0.11
Mean 1.71 1.05 0.46
(+1SD)  (0.00-3.47) (0.00-2.75) (0.00 - 1.15) EnED) - (EUD=IER) - (H=ileh) (=050
Frequency Frequency
0 42,9 54.5 64.3 L G EY =
70+ 1 10.7 273 25.0 70+ 1 14.3 18.2 3.6
2 3.6 45 10.7 2 10.7 18.2 3.6
3 21.4 0 0 3 3.6 0 0
>3 21.5 13.6 0 >3 7.1 0 0

Mean + 1 standard deviation (SD) and corresponding percentage values were

reported for each group.

Low education: 5-8 years; Moderate education: 9-11 years; High education: 12

years and above.

reported for each group.

years and above.

Mean + 1 standard deviation (SD) and corresponding percentage values were

Low education: 5-8 years; Moderate education: 9-11 years; High education: 12



Table 7. Normative Values for the Stroop D

Levels of Education
Low Moderate High
Education Education Education
Age
Groups
n (23) (22) (62)
Mean + SD  38.78 +9.26  30.05 + 7.81 28.68 + 7.40
18-29 5% 18.20 16.45 17.15
Median 40.00 30.00 29.00
95% 55.20 48.20 40.85
n (22) (23) (30)
Mean + SD  38.27 + 11.47 38.74+12.88 32.63 +9.79
30-39 5% 15.60 22.20 16.95
Median 39.50 37.00 31.00
95% 60.50 66.80 51.00
n (48) (53) (69)
Mean + SD  45.85 + 12.19 44.42 + 13.85 41.03 + 14.63
40-59 5% 24.45 24.70 22.00
Median 45.00 44.00 38.00
95% 64.55 73.90 69.00
n (36) (24) (51)
Mean + SD  48.47 +18.37 53.46 + 16.15 41.75 + 11.31
60-69 5% 22.50 27.25 25.40
Median 45.00 51.50 41.00
95% 79.90 78.75 63.60
n (28) (22) (28)
Mean + SD  47.36 + 16.89 50.68 + 14.93 53.14 + 15.16
70+ 5% 20.45 25.75 31.35
Median 44.50 51.00 54.00
95% 75.30 81.85 77.55

Low education: 5-8 years; Moderate education: 9-11 years; High education: 12
years and above; SD: Standard deviation.

Stroop C

TMTA TMTB TMT B-A

Figure 1. Scatterplots Displaying the Correlations between Stroop C and TMT
A, TMT B and TMT B-A Scores.

6¢ contain normative data on the number of spontaneous
corrections and errors, respectively.

Concurrent Validity

Stroop C scores were moderately correlated with TMT A
(r=0.60), TMT B (r=0.65), and TMT B-A (r=0.57) scores
(for all, p<0.001, Figure 1).
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Test-Retest Reliability

The test-retest reliability of the Stroop test Capa version
was examined separately for the study populations aged 18-
49 years and over 50 years of age, with randomly selected
participants from each group. The Stroop test Capa version
was re-administered to 50 participants aged 18-49 years
approximately two weeks after the initial testing. Fifty
individuals were randomly selected from the study population
over 50 years of age and their test scores at the first-year
follow-up assessment (i.e., 12-months after the baseline
neuropsychological assessment) were included in the analysis.

The test-retest reliability coefficients for the Stroop A, Stroop
B, Stroop C and Stroop D scores were 0.78, 0.67, 0.88 and
0.80 for participants aged 18-49 years, and 0.84, 0.64, 0.81
and 0.77 for individuals over 50 years of age.

Internal Consistency

The Cronbach’salpha coefficientwas 0.77 and the standardized
alpha coefficient was 0.86 when Stroop A, Stroop B and
Stroop C were included in the analysis. The Cronbach’s alpha
coefficient was decreased to 0.64 when Stroop A was removed.
Similarly, the Cronbach’s alpha coefficient was decreased to
0.66 when Stroop B was removed. However, the Cronbach’s
alpha coefficient was increased to 0.85 when Stroop C was
removed. The number of spontaneous corrections and errors
on Stroop C were not included in the internal consistency
analysis, as they are participant-controlled responses and are
very rarely observed in healthy individuals.

DISCUSSION

The present study tested the reliability and validity of the
Stroop test Capa version, which has been extensively used
in clinical and research settings in Turkey and provided the
normative data for individuals aged 18-83 years.

Previous studies reported that Stroop performance was
affected by age, education and gender. The current
normative study examined the relative contributions of
these demographic variables on the Stroop test Capa version
performance. Age and education were accounted for 23-42%
of the total variances of subtest scores. The times required for
colour naming, word reading, interference and resistance to
interference were found to be prolonged with increasing age.
On the other hand, all subtest performances were improved
with greater educational attainment.

The influence of age on test performance has been previously
shown for different Stroop versions (Ivnik et al. 1996, Klein
etal. 1997, Moering et al. 2004, Zalonis et al. 2009, Hankee
et al. 2016, Karakas 2004). Prolonged reaction times for
colour naming and word reading with increasing age could be



explained by the decreased speed of information processing
associated with normal aging (Kang et al. 2013). In the
present study, reaction times were found to be the shortest
in the youngest group and longest in the oldest group for
all subtests. There was no influence of age on the number of
spontaneous corrections and errors that were recorded in the
interference task (i.e., Stroop C).

Based on previous literature (Hankee et al. 2016, Kang et al.
2013, Zalonis et al. 2009), the participants were divided into
six age groups by decade, with the exceptions of 18-29 and
70-83 age groups. Our results indicate a significant decline in
the Stroop test Capa version performance with each successive
decade. While colour naming and word reading abilities
were similar between the 18-29 and 30-39 age groups, the
18-29 age group showed better performances in interference
and resistance to interference tasks. These findings suggest
that even when motor speed was preserved in young adults,
inhibitory control may still be influenced by age. As there was
no difference in Stroop performance between the 40-49 and
50-59 age groups, normative values were provided for the 40-
59 age group. The influence of age on the Stroop test Capa
version performance became evident again after 60 years of
age. The individuals aged 70 years and above had significantly
longer reaction times than the 60-69 age group in all subtests.

Several studies have shown that Stroop performance was
affected by educational attainment (Anstey et al. 2000,
Ivnik et al. 1996, Mitrushina et al. 2005, Troyer et al. 2006,
Moering et al. 2004, Hankee et al. 2016, Karakas 2004). In
the present study, the levels of education were stratified as
low (5-8 years), moderate (9-11 years) and high (12 years and
above) education, in line with the education system in Turkey.
All subtest performances were improved as the educational
level increased. Moreover, an education effect was observed
on the number of spontaneous corrections and errors. The
number of spontaneous corrections was found to be different
between individuals with low, moderate and high education;
indicating lower numbers of spontaneous corrections with
higher levels of education. Similarly, individuals with low
and moderate education had higher numbers of errors in
comparison to participants with high education. In the present
study, an effect of education but not age was observed on the
number of spontaneous corrections and errors; suggesting
that age was more associated with the speed of information
processing, while education was more related to inhibitory
control. Other studies did not report an education effect on
Stroop performance (Anstey et al. 2000, Moering et al. 2004).
Therefore, educational stratification for normative data is not
required but recommended (Mitrushina et al. 2005). In the
present study, due to significant differences in performance
between the education groups, normative data were provided
for three educational levels for all subtests.

In comparison to age and education, gender had a small effect
on Stroop performance. The absence of gender differences
on test performance was also reported in other studies with
different Stroop versions (Ivnik et al. 1996, Lucas et al. 2005,
Troyer et al. 2006, Zalonis et al. 2009, Bayard et al. 2011,
Bezdicek et al. 2015), including the Stroop test TBAG version
which was developed by Karakag (2004) and has available
normative data for Turkey. The current study included the
gender variable in the regression and ANOVA models along
with age and education. However, as there was no influence
of gender on any test score, the normative data were not
stratified by gender.

In an unpublished master’s thesis study including 180 healthy
individuals, Tumag¢ (1997) reported the normative data for
the Stroop test Capa version for three age groups (15-28 years,
32-45 years, and 50-75 years) and three levels of education
(0-5 years, 6-14 years, and 15 years and above). In Tumag’s
(1997) study, between-group comparisons were performed
separately for age and education using one-way ANOVA,
which renders impossible to examine the interaction effects
between variables. Other limitations include small sample
size and very large age and education ranges. However, in
line with the present study, Tuma¢ (1997) reported the
effects of age and education but not gender on all subtest
performances. In general, longer reaction times were observed
with increasing age and lower levels of education (Tumag
1997). In the present study, the most prominent change in
test performance was observed between the 60-69 and the 70
years and above age groups. As individuals aged 50-75 years
were examined as a single age group in Tumag’s (1997) study,
the influence of physiological aging-related cognitive changes
on test performance could not be assessed.

The present study also examined the concurrent validity,
internal consistency and test-retest reliability of the Stroop
test Capa version. Results of our validity and reliability
analyses showed that the Stroop test has strong psychometric
properties. The concurrent validity was established by
examining the relationships between the interference task
score and the original TMT A, TMT B and TMT B-A scores.
As the cognitive functions assessed by TMT were known to
change with age, in the Turkish standardization study, the
construct validity of the test was established by demonstrating
that the subtest scores change as a function of age (Cangoz et
al. 2009). The present study used the original TMT, which
has unpublished normative data for the Turkish population.
Similar to the Turkish version, the subtest scores of the original
TMT were observed to change as a function of age, providing
support for the construct validity of the test. However, a
potential limitation would concern the use of the original
TMT in this study, as the normative data were not published.
Concerning the concurrent validity of the Stroop test Capa
version, moderate correlations were observed between the
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Stroop interference task and the TMT subtest scores. As
expected, the strongest relationship was observed with the
TMT B scores, which assesses executive functions such as
attention, planning, set-shifting and response inhibition.

Evidence from studies involving clinical samples indicates that
the Stroop interference is associated with factors representing
the speed of information processing, rather than executive
function measures such as the TMT B (Strauss et al. 20006,
Bondi et al. 2002, Boone et al. 1998). Earlier studies reported
that the Stroop interference was more strongly associated
with the TMT A and concluded that the TMT A was more
sensitive to frontal lobe damage than the TMT B (Demakis
2004). In line with previous studies, the weakest relationship
was observed between the Stroop interference and the TMT
B-A scores (May and Hasher 1998, Strauss et al. 2000).

The Stroop test Capa version showed moderate internal
consistency when all subtests were included in the analysis
and high internal consistency when the interference task was
removed. These findings reflect overall compatibility among
the Stroop subtests; nevertheless, the interference task taps on
different cognitive functions than colour naming and word
reading.

In the present study, the test-retest reliability was examined
separately for the study populations aged 18-49 years and over
50 years of age. The interference task displayed the highest
test-retest reliability. The Stroop test Capa version was re-
administered to participants aged 18-49 years after a two-week
interval, and for participants over 50 years of age, previous
test scores at the 12-month follow-up were examined. The
test-retest reliability was found to be high and/or acceptable
for both populations. In line with these findings, previous
studies using different Stroop versions reported test-retest
reliability coefficients between 0.60 and 0.90 (Franzen et al.
1987, Strauss et al. 2005, Lemay et al. 2004).

Except for the Stroop test Capa version, the TBAG version
developed by Karakas (2004) under the BILNOT battery, is
the only Stroop test that has available normative data for the
Turkish population. The effects of demographic variables on
Stroop performance were found to be similar for both versions.
The normative data for the TBAG version were established
for two age groups (i.e., 20-54 years and 55 years and older)
and two levels of education (i.e., 5-8 years and 9 years and
above) (Karakas 2004). However, individuals aged 55 years
and older were represented as a single age group in all the
neuropsychological tests standardized within the BILNOT
battery (Karakas 2004). In the present study, individuals
over 50 years and above were represented in three age groups,
and as significant differences in performance were observed
between these groups, the normative data were established for
narrow age ranges. Therefore, in comparison to the TBAG
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version, the Stroop test Capa version is a more comprehensive
and sensitive assessment tool for the elderly population.

The test-retest reliability was assessed with a 12-month
interval in individuals aged 20 years and above for the TBAG
version and in individuals aged 50 years and above for the
Capa version. In both studies, the lowest test-retest reliability
coefficients were obtained for the subtest that requires
individuals to read the colour names printed in incongruent
ink colours (i.e., 0.26 for TBAG Part 2 and 0.64 for Capa
Stroop B). Overall, the Stroop test Capa version displayed
higher test-retest reliability than the TBAG version, when
other subtests involving similar tasks were compared.

In other normative studies from Turkey, healthy participants
were selected on the basis of participant information sheets
or short screening tests (i.e., MMSE, Montreal Cognitive
Assessment, etc.) and functional assessment scales. The
greatest strength of the present study is the use of neurological
examination and neuroimaging results together with an
extensive neuropsychological test battery to ensure the
exclusion of common disorders among the elderly population
that could affect cognitive functions such as mild cognitive
impairment, depression or severe vascular lesions.

One limitation of the current study is that the test-retest
reliability was assessed separately in individuals aged 18-49
years and 50 years and above using different retest intervals
(i.e., 2 weeks and 12-months). Longer time intervals between
test administrations increase the risk of developing cognitive
impairment in older individuals. However, the retest
administrations for individuals over 50 years of age were
performed using a comprehensive neuropsychological test
battery including the Stroop test Capa version, and no changes
were observed in cognitive functions at the 12-month follow-
up assessment. In this regard, although the retest interval was
long, findings from individuals over 50 years of age provide
support for the reliability of the test.

Different versions of the Stroop test require separate
normative data stratified by demographic variables. The
present study established the normative values of the Stroop
test Capa version stratified by age and education for healthy
adults aged 18-83 years, which can be used in research and
clinical practice settings.
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Supplementary Table 1. Neuropsychological Test Scores of the Study Participants Over 50 Years of Age

Education Neuropsychological Tests Age (in years)
50-59 60-69 70+
MMSE 28.50 + 1.29 28.73 + 1.08 28.71 + 0.83
GDS 6.75+7.23 6.58 + 4.40 7.00 + 5.06
Digit Span Forward 5.33 £0.82 4.89 £ 0.63 4.77 + 0.69
Digit Span Backward 4.17 £ 0.41 4.18 +0.39 4.09 +0.29
OVMPT IM 6.17 + 1.47 5.36 + 1.37 5.00 + 1.31
OVMPT Total 123.33 + 13.11 112.75 + 13.92 110.45 + 8.69
OVMPT FR 13.00 + 1.55 13.04 + 1.45 12.86 + 1.25
5-8 years
OVMPT TR 15.00 + 0.00 14.82 + 0.48 15.00 + 0.00
Visual STM 12.20 + 1.30 10.30 + 2.49 8.73 + 1.36
Visual LTM 11.20 + 1.78 10.20 + 2.46 8.48 + 1.04
CDT 9.80 + 0.45 9.38 + 0.64 9.57 + 0.61
Semantic Fluency 22.00 +3.90 20.89 +5.20 19.91 + 3.37
Phonemic Fluency 35.50 + 12.37 35.40 + 11.14 25.17 +£2.93
BNT-15 14.83 + 0.41 14.80 + 0.50 14.89 + 0.32
MMSE 29.15 + 0.90 28.86 + 0.95 29.08 + 0.90
GDS 7.23 + 4.68 5.29 +3.52 7.93 +3.54
Digit Span Forward 5.53 + 0.74 5.25+1.16 4.67 +0.62
Digit Span Backward 4.40 + 0.51 4.65 +0.99 4.20 £ 0.56
OVMPT IR 5.33+1.23 5.05 + 1.05 5.44 £ 1.50
OVMPT Total 116.80 + 12.62 113.30 + 12.18 107.38 + 12.33
OVMPT FR 12.73 + 1.28 13.20 + 1.61 12.94 + 1.24
P yes OVMPT TR 14.87 £ 0.35 14.95 £0.22 14.94 £ 0.25
Visual STM 11.60 +2.10 10.20 + 2.33 9.88 +1.82
Visual LTM 11.20 +2.24 9.20 + 1.82 9.00 + 1.97
CDT 9.67 + 0.49 9.65 £ 0.61 9.56 + 0.63
Semantic Fluency 24.40 + 5.68 21.35 +4.13 19.00 + 4.83
Phonemic Fluency 38.67 £ 11.75 33.17 + 8.46 34.81 +11.27
BNT-15 15.00 + 0.00 14.47 £ 0.61 14.75 + 0.45
MMSE 29.37 + 0.88 29.29 + 0.90 29.45 + 0.80
GDS 5.63 + 4.39 6.49 +4.51 4.52+3.73
Digit Span Forward 6.03 £1.28 6.10 + 1.03 5.89 £ 0.96
Digit Span Backward 4.67 +0.72 4.88 £0.99 4.46 +0.58
OVMPT IR 6.33 + 0.67 6.25 + 1.62 5.71 + 1.46
OVMPT Total 124.11 + 11.61 123.18 + 11.83 113.79 £ 13.53
12 years OVMPT FR 13.33 + 1.31 13.27 + 1.44 12.68 + 1.39
and above OVMPT TR 15.00 + 0.00 15.00 + 0.00 14.96 £ 0.19
Visual STM 12.50 + 1.84 12.79 + 1.53 10.73 +2.24
Visual LTM 11.61 +2.35 11.94 +2.17 10.42 £ 2.37
CDT 9.80 + 0.47 9.81 + 0.39 9.73 £0.53
Semantic Fluency 23.72 + 4.12 23.90 +5.25 22.79 + 3.89
Phonemic Fluency 44.44 £ 13.87 43.96 + 10.87 42.80 + 10.60
BNT-15 14.92 + 0.37 14.84 + 0.48 14.92 + 0.27

MMSE: Mini-Mental State Examination Test, GDS: Yesavage Geriatric Depression Scale, OVMPT: Oktem Verbal Memory Processes Test, OVMPT IM: Immediate Recall, OVMPT
Total: Total Learning, OVMPT FR: Free Recall, OVMPT TR: Total Recall, Visual STM: The Visual Reproduction Subtest of the WMS-R Short-Term Memory, Visual LTM: The
Visual Reproduction Subtest of the WMS-R Long-Term Memory, CDT: Clock Drawing Test, BNT-15: 15-Item Short Form of the Boston Naming Test.



INSTRUCTIONS FOR THE STROOP TEST CAPA VERSION

Preparation of the Material

The stimulus cards of the Stroop test Capa version should be printed in colour with the same aspect ratios. It should be ensured
that a printer setting that would affect the stimuli colours is not active. After the cards have been printed, they should be cut on
the dashed lines and covered separately by PVC before being used.

Administration

The individual should be seated, and care should be taken to ensure that there are no distracting stimuli in the environment
during test administration. The Stroop test Capa version consists of two stimulus cards. The first card contains red, blue and
green coloured rectangles and the second card contains colour names printed in incongruent ink colours. The Stroop test Capa
version consists of three parts: Stroop A, Stroop B and Stroop C.

Stroop A (Naming the Colours of Coloured Rectangles):

The first part of the test requires the individual to name the colours of the small rectangles on the first stimulus card. Position
the first stimulus card in front of the individual. Point the stimulus card and give the following instruction, “Now I will ask you
to name the colours of these rectangles as fast as possible. Follow a sequence from left to right. When you complete the line,
move to the line below it. Start when you are ready”. Start the chronometer as the individual starts naming the colours and stop
when the individual names the last rectangle. Record the completion time, in seconds, on the scoring sheet. If any sign of colour
blindness or colour naming deficits is present, the test should be terminated.

Stroop B (Reading the Colour Names):

The second part of the test requires the individual to read the colour names that are printed in incongruent ink colours on
the second stimulus card. Position the second stimulus card in front of the individual. Point the stimulus card and give the
following instruction, “I will ask you to read the written words as fast as possible. You will follow a sequence from left to right,
as in the previous task. When you complete the line, move to a subline. Start when you are ready”. Start the chronometer as
the individual starts reading the colour names and stop when the individual completes the task. Record the completion time,
in seconds, on the scoring sheet.

Stroop C (Naming the Colour of the Ink):

The last part requires the individual to name the colour of the ink that the words are printed in. Again, point the second
stimulus card and give the following instruction, “Now, instead of reading the colour names that you have just read, I will
ask you to name the ink colour of these words as fast as possible. If you realize that you have made a mistake, please correct it
immediately and then continue naming. Start when you are ready”.

Start the chronometer as the individual starts naming the ink colours and stop when the individual completes the task. Record
the completion time, in seconds, on the scoring sheet.

Underline the colour names on the scoring sheet when the individual makes an error. When the individual realizes that he/she
has made a mistake and correct it immediately, mark this as a spontaneous correction by drawing a circle around the colour
name. Record the total number of spontaneous corrections and errors on the scoring sheet.

Stroop D (Resistance to Interference):

Calculate the reaction time difference between Stroop C and Stroop B, and record it on the scoring sheet as Stroop D.
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