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Abstract The Stroop color and word test (SCWT) is
widely used to evaluate attention, information processing
speed, selective attention, and cognitive flexibility. Nor-
mative values for the Italian population are available only
for selected age groups, or for the short version of the test.
The aim of this study was to provide updated normal values
for the full version, balancing groups across gender, age
decades, and education. Two Kinds of indexes were derived
from the performance of 192 normal subjects, divided by
decade (from 20 to 90) and level of education (4 levels:
3-5; 6-8; 9-13; >13 years). They were (i) the correct
answers achieved for each table in the first 30 s (word
items, WI; color items, CI; color word items, CWI) and (ii)
the total time required for reading the three tables (word
time, WT; color time, CT; color word time, CWT). For
each index, the regression model was evaluated using age,
education, and gender as independent variables. The
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normative data were then computed following the equiva-
lent scores method. In the regression model, age and edu-
cation significantly influenced the performance in each of
the 6 indexes, whereas gender had no significant effect.
This study confirms the effect of age and education on the
main indexes of the Stroop test and provides updated
normative data for an Italian healthy population, well
balanced across age, education, and gender. It will be
useful to Italian researchers studying attentional functions
in health and disease.

Keywords Italian normative dataset - Selective
attention - Executive functions - SCWT

Introduction

The Stroop color and word test (SCWT) [1] is widely used
to evaluate selective attention, inhibition, and sustained
attention.

The classical version of the SCWT is composed of three
tables, showing color words, colored squares or circles, and
color words printed in incongruent ink (i.e., red printed in
blue ink), respectively. The Stroop effect consists of a
delayed response when words have to be named according
to the color of the ink, ignoring the meaning of the printed
word.

The SCWT evaluates the reaction times to non-am-
biguous stimuli (reading words in black ink or naming
colors in painted forms), and to ambiguous stimuli (color
word printed with incongruent ink), thus assessing the
inhibition mechanisms that are crucial to executive func-
tions. [2, 3].

Traditionally, the SWCT has been used to evaluate
frontal function, although neuroimaging studies show that a
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distributed network is activated during the Stroop effect.
Indeed, studies with fMRI demonstrate the activation not
only of the dorsolateral prefrontal cortex (DLPFC) and
anterior cingulate cortex (ACC), but also of the posterior
parietal cortex (PPC) during the Stroop effect [4-6], even if
the role of each structure is a subject of debate [4, 7].

Performance of the SWCT is affected by many patho-
logical conditions. The test is frequently part of neu-
ropsychological batteries for the evaluation of cognitive
functions in Alzheimer’s disease (AD) [8], fronto-temporal
lobar degeneration (FTLD) [9, 10], dementia with Lewy
body (DLB) [10], vascular cognitive impairment [11-13],
depression [14], schizophrenia [15], and anorexia [16]. The
reaction times increase physiologically with aging and
some activation patterns are slightly different between
elderly and young people [17, 18].

In this frame, updated norms for the complete form of
SCWT (that uses five colors and 100 items for each
table with respect to short versions that use less colors and
less items) in the Italian language are lacking. Indeed, the
main reference for the SCWT was published in 1998 and
analyzed a sample with only 15 subjects between 70 and
80 years and without subjects older than eighty [19]. In a
more recent study including subjects in the ninth decade
[20], a short version (30 items and three colors) of SCWT
was used but only one index [20] was evaluated, while in
another study, finalized to the assessment of multiple
sclerosis [21], older age groups were not assessed, and,
again, only one index was considered.

The need to update the normative values is crucial in the
evaluation of cognitive functions that are affected by
demographic and cultural transformation. The changes in
living conditions such as the increased life expectancy,
(http://www.worldlifeexpectancy.com/country-health-pro
file/italy, http://www.istat.it/it/archivio/99464), and the
increase of education modify the cultural background of
the general population.

The aim of our study was to produce updated normal
values for the SCWT in Italian language drawn from a
sample balanced for age, gender, and education level.

Materials and methods
Subjects

At first, we planned to enroll 32 subjects for each decade
between 20 and 90 years for a total of 224 subjects. This
sample size has been established in order to provide reli-
able correction values, by applying power analysis for
multiple regression [22] using the pwr package in R [23],
with the following parameters: probability level («): 0.05,
desired statistical power (1 — f): 0.80, effect size (Cohen’s
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#): 0.05, number of linear predictors: 3. These 32 subjects
would have included 16 subjects per gender, evenly divi-
ded according to four education levels (primary school,
middle school, high school, and university degree). During
the recruitment period it became progressively clear that
subjects with a primary-school level of education could be
found only among elderly subjects because current Italian
legislation requires a minimum of 8 years of education
starting from age 6 (law 1859/62). Thus, we decided to
omit the enrollment of the 24 subjects aged 20-49 with
primary school education. The new target population was
formed by 200 subjects to be enrolled within 18 months.

With the exception of people under 50 years old with
the lowest education level, now almost disappeared in
Italian population, the plan of our study was to analyze a
sample evenly distributed as for age, education, and gen-
der. Such a choice was aimed at estimating the expected
values of the indexes of Stroop test as function of signifi-
cant predictors rather than to be representative of the whole
population. Subjects were healthy volunteers checked by
means of a general medical history, clinical, and neuro-
logical examination. The cognitive status was assessed by
means of a clinical interview and MMSE. Depression was
rated by means of the Montgomery—f%sberg depression
rating scale (MADRS) [24].

The inclusion criteria were the following: (i) age 20-90;
(i1) education from primary school to university degrees;
(iii) signed informed consent; (iv) MMSE >27 (>25 for age
>65); (v) a score <10 at MADRS of the depression eval-
uation [25].

The exclusion criteria were (i) diabetes mellitus, either
treated or not; (ii) severe arterial hypertension not properly
controlled by drug therapy (diastolic blood pressure
>109 mmHg); (iii) history of a cerebrovascular accident;
(iv) history of transient global amnesia in the last 3 years;
(v) history of brain injury with a loss of consciousness
longer than 30'; (vi) history of brain injury with a loss of
consciousness of at least 10" in the last 6 months; (vii)
central nervous system diseases (Parkinson, epilepsy,
migraine, etc.); (viii) major psychiatric disorders (psy-
chosis, major depression, etc.); (ix) chronic use of benzo-
diazepines, neuroleptic, and other sedative drugs
(stable low doses of benzodiazepine, SSRI, or other hyp-
notic drugs were allowed); (x) evidence of severe systemic
pathology not properly controlled including, but not limited
to, renal failure (creatinine level >2 mg/dL); liver failure
(transaminase levels >3 x ULN); untreated thyroid dis-
ease; anemia (hemoglobin levels <10 mg/dL); cancer in
the last 5 years; (xi) chronic or occasional use of illicit
psychotropic substances in the last month; (xii) habitual
consumption of >750 cc wine/die or equivalent for daily
alcohol intake; (xiii) illiteracy or less of 2 years of edu-
cation; (xiv) history of polychemotherapy or radiotherapy;
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Table 1 Number of subjects

enrolled arranged by age and Age Primary School Middle School High School University Total

education M F M F M F M F
20-29 - - 4 4 4 4 4 4 24
30-39 - - 4 1 2 4 3 4 18
40-49 - - 4 4 6 4 5 4 27
50-59 2 3 4 4 4 3 4 4 28
60-69 4 3 2 4 4 5 3 4 29
70-79 4 5 6 4 4 4 5 2 34
80-90 4 4 4 4 4 4 4 4 32
Total 14 15 28 25 28 28 28 26 192

(xv) infancy or adolescence development disorder; (xvi) Statistics

sensory deficit (hypoacusia, visual deficit).

At the end of the recruitment period, 192 subjects ful-
filled these inclusion and exclusion criteria, thus almost
reaching the intended number, and were enrolled. The
distribution of subjects by age, gender, and education is
reported in Table 1.

Overall average values of the 192 subjects were as fol-
lows: age 57.3 £ 19.6 years (range 20-90), education
11.5 + 4.3 years (range 5-19), MMSE score 29.5 £ 0.8
(range 27-30), MADRS score 2.5 £ 2.5 (range 0-9).

The Stroop color and word test

The present version of SCWT consists of three tables, with
one hundred stimuli. The three tables, each arranged in 10
rows and 10 columns, are composed by: (1) color words
printed in black ink, (2) colored squares, (3) color words
printed with an incongruent ink. The measures of the
tables are 420 mm width x 480 mm height, the font used
for table one and three is Arial 24, the measures of the
squares in Table 2 (color) are 20 mm x 20 mm. The col-
ors used in this version are blue, green, red, brown, and
purple, printed by the Organizzazioni Speciali (Florence,
Italy) [26].The following parameters were obtained and
further considered. The correct answers achieved in the
first 30 s for each table, generating three scores, namely
word items (WI), color items (CI), and color word items
(CWI); the total time needed for reading each table, gen-
erating three more scores, labeled word time (WT), color
time (CT), and color word time (CWT).

The study protocol was approved by the local ethics
committee. According to the recommendations of the
Helsinki Declaration of 1975, as revised in 2008, all sub-
jects were informed about the objectives and methods of
the research, and they agreed to take part in the study. The
study was explained to all participants both orally and by
written instructions.

The preliminary analysis evaluated the distribution of raw
scores for each of the six indexes (WT, WI, CT, CI, WCT,
and WCI). Power analysis was preliminarily computed to
fix the sample size to provide reliable correction values, but
considering some missing values with respect to the plan-
ned number, power analysis was re-computed considering
the effective sample size. Subsequently, multiple regres-
sion analysis was performed for each index, using the
demographic variables (age, education and gender), as
independent variables.

The rationale of this procedure was based on the
methodology of equivalent scores originally described by
Spinnler and Tognoni [27] and then applied to several
normative studies [30], including those on the Stroop Test,
in the Italian language [19-21]. Following this approach,
we applied multiple regression analysis to study the effect
of age, education, and gender on Stroop indexes. Moreover,
in order to take not-linear effects into account we applied
the same data transformation as suggested by Spinnler and
Tognoni [27], namely, the square root of education and the
logarithmic transformation of age [In(100 — age)]. We
then evaluated four regression models in which age and
education were both included as raw values, or as trans-
formed values, or one raw and the other one transformed
values, alternatively. Among these four models, we choose
that with the best R2 value. Dealing with not-nested
models, we applied the Akaike information criterion (AIC)
[28] for comparing the adequacy of different models [29].
For each model the AIC weights is reported and can be
directly interpreted as the likelihood or relative probability
of being the best model. The rates between AIC weights
were also computed to compare the adequacy of couple of
models.

At the following step, the equations to adjust scores for
age and education were drawn from the best fit model for
each of the six indexes. They were used to standardize all
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Table 2 Comparison between regression models as fitted with or without transformation of predictors

Education; age

v/ Education; age

Education; In (100-age)

v Education; In (100 — age)

WT
R? 0.179 0.185
AIC weight 0.067 0.137
AIC ratio 8.036 3.896

WI
R? 0.247 0.252
AIC weight 0.049 0.077
AIC ratio 10.994 6.967

CT
R? 0.323 0.329
AIC weight 0.002 0.005
AIC ratio 289.461 136.757

CI
R? 0.368 0.37
AIC weight 0.118 0.140
AIC ratio 3.426 2.909

CWT
R? 0.444 0.449
AIC weight 0.001 0.003
AIC ratio 690.181 222.113

CWI
R? 0.589 0.591
AIC weight 0.013 0.022
AIC ratio 47.350 27.917

0.191 0.197
0.263 0.535
2.042 1

0.263 0.267
0.341 0.534
1.567 1.000
0.357 0.362
0.316 0.676
2.137 1.000
0.376 0.377
0.336 0.406
1.208 1.000
0.473 0.479
0.232 0.764
3.298 1.000
0.602 0.605
0.342 0.623
1.824 1.000

For each model the following parameters are reported: R” coefficient of determination, representing the proportion of explained variance; AIC
weight relative model adequacy as measured by the Akaike information criterion (AIC) expressing the likelihood that the current model is the
best model; AIC ratio the ratio between AIC weight of the current model and the one of the best models

raw values and to build-up the tables reporting a correction
value for each class of age and education, as computed for
predictors at their central value. Gender was not considered
as it was not significant at regression analysis. Reference
limits were then computed by analyzing the whole sample
of age- and education-corrected values. The corrected score
was used to define the cut-off, in accordance with the
system of equivalent scores adopted in many Italian nor-
mative [19-21, 27, 30]. The cut-off for each index was
computed by the resolution of Wilks’ integral equations
[31] for 95 % tolerance limits at 95 % confidence level.
The cut-off value separates pathological performances
from normal performances and defines the values corre-
sponding to the equivalent score of zero. According to the
method of equivalent scores, the scores were classified into
five ranges corresponding to five categories (0, 1, 2, 3, 4).
The equivalent score of 4 identifies the performances above
the median value while the equivalent scores of 1, 2, 3
partition the intermediate range (between cut-off and med-
ian value) according to specific percentile ranks [27, 30].
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Statistical analysis was performed by the statistic soft-
ware SPSS 17.00 (SPSS Inc., Chicago, USA) and MatLab
R2014a (MathWorks, Natick, Massachusetts, USA) and
using the pwr package in R (http://CRAN.R-project.org/
package=pwr).

Results

All subjects concluded the test with the following mean
times: WT: 527 £21.5, CT: 79.1 £259, CWT:
151.9 £ 60.7, and with the following mean number of
items read in the first 30 s early-items scores: WI:
64.92 £+ 16.82, CI: 439 £ 11.8, CWI: 23.8 £ 8.1.

Power analysis was performed considering 3 predictors,
a significance level of 0.05 and a power of 0.80 in the
actual sample of 192 subjects. Results showed that the
available number of participants allowed to detect a sig-
nificant effect with an effect size equal to 0.0588, which is
between the small (0.02; i.e., the best) and the moderate
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(0.15) range [22] that is reasonable for a reliable regression
analysis.

The best linear regression model for each index always
included age and education as significant regressors, while
gender never reached the statistical significance, the
probability levels found for the effect of gender were,
respectively:  WT: p =0.152; WI: p = 0.071; CT:
p=0704; CI. p=0931; CWT: p=0.597, CWT:
p = 0.235. Gender was then excluded from regression
models..

Using the Akaike information criterion (AIC) [28], we
found that the ranking of AIC weights relevant to the four
models was the same for all the indexes and the model
based on transformed age and education was the best while
the differences were mainly associated with the logarithmic
transformation of age (see Table 2).

In all cases, the best fit was associated with transformed
independent variables (i.e., natural logarithm of age and square
root of education) and yielded significant models for WT
(R* = 0.197, Fa50 = 23.176, p < 0.001), WI (R* = 0.267,
Fs150 = 34369, p <0.001), CT (R*= 0362, F,50 =
45.148, p <0.001), CI (R*=0377, F, 5 = 57.204,
p < 0.001), CWT (R* = 0.479, F, 130 = 86.908, p < 0.001),
CWI (R* = 0.605, F,,5 = 144.726, p < 0.001). Statistical
data relevant to the effect of age and education on each index are
reported in detail in Table 3.

The raw values of the six indexes were thus corrected
according to the equations of the multiple regression
models as shown in Table 4, which also reports the cor-
rection values arranged for age and education classes. The
equivalent scores and the relevant score range for each
index are reported in Table 5.

Discussion
The aim of our study was to produce updated normative

values for one of the most used attention tests, the SCWT,
in an Italian population by recruiting subjects balanced as

for education, gender, and age. Such sampling arrangement
was aimed at estimating the expected values of the indexes
of Stroop test as a function of significant predictors. The
sample did not reflect the age, education, and gender dis-
tribution of the general population, as in such case it could
have introduced a bias, or lower precision, in the estimation
of expected values for some predictor intervals, in partic-
ular for the highest age and education values.

To the best of our knowledge, only one among the
three studies published so far about the Italian version of
the Stroop has enrolled subjects up to the age of ninety
(52.1 £ 19.56, range 20-90 years) [20] using the brief
form of the SCWT (with thirty items and three colors).
The main study that utilized the full version did not enroll
subjects beyond the age of 81 (mean age: 49 + 15.6,
range 18-81 years) and was published more than 15 years
ago [19], while in the third study, only one index was
validated in a sample with a low mean age (40.9 & 11)
[21]. In the present study, we provide norms for an
extended age range with balanced groups (mean age:
57.3 £ 19.6 years range 20-90), using the complete ver-
sion of the SCWT (with one hundred items for each of
the three tables and five colors) and analyzing several
indexes.

The multiple regression analysis showed that age and
education had statistically significant influence on the
performances as evaluated by all the six indexes of the
SCWT, whereas gender did not show significant effects.

The decline in performance with increasing age com-
plies with previous Italian data both in the extended [19]
and short forms [20, 21]. This effect has also been found in
previous studies concerning SCWT implemented in other
languages [32-36] and in experimental studies with fMRI
[17, 37]. Education is a second variable that positively
correlated with the SCWT performance. This effect is in
keeping with two out of three previous Italian studies [19,
20]. The positive relationship between education and per-
formance has also been found in other populations world-
wide [32].

Table 3 Values of linear

regression models Indexes of Stroop test In (100 — age) +/Education
B t p i t p
WT —0.26 —-3.97 <0.001 —0.30 —4.48 <0.001
WI 0.33 5.18 <0.001 0.32 5.12 <0.001
CT —0.49 —8.30 <0.001 —0.24 —4.14 <0.001
CI 0.23 4.03 <0.001 0.51 8.72 <0.001
CWT —0.24 —4.57 <0.001 —0.59 —11.00 <0.001
CWI 0.30 6.53 <0.001 0.64 13.80 <0.001

The table reports standardized beta values (f3). ¢ values and p values of the following regressors: logarithm

of age In (100 — age) and education transformed in its square root (v/Education), for each index
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Table 4 Correction table for the raw scores of the six indexes
Age WT (word time) WI (word item)

Primary School = Middle School  High School  University = Primary School = Middle School = High School  University
20-29 - 0.95 8.38 12.87 - —1.58 —7.91 —11.68
30-39 - —1.16 6.50 11.73 - 0.47 —6.09 —10.56
40-49 - —2.43 5.05 9.59 - 1.71 —4.67 —8.49
50-59  —11.11 —5.04 2.65 7.46 9.46 4.25 —2.33 —6.42
60-69 —13.50 —7.51 0.44 5.24 11.78 6.65 —0.19 —4.26
70-79  —16.64 —10.25 —-3.27 1.80 14.84 9.31 342 —-0.91
80-90 —23.02 —15.93 —8.91 —3.91 21.05 14.83 8.90 4.64
Best multiple linear equation models of WT and WI
WT = Raw score + (vEducation — 3.4) x 9.627 + In(100 — age) — 3.74] x 10.88
WT = Raw scores + (3.4 — vEducation) x 8.207 + [3.74 — In(100 — age)] x 10.584
Age CT (color time) CT (color item)

Primary School = Middle School  High School  University = Primary School =~ Middle School =~ High School  University
20-29 - 8.98 16.29 20.13 - —4.45 —7.65 —-9.30
30-39 - 4.25 12.08 17.55 - -2.20 —5.66 —8.08
40-49 - 1.39 8.82 12.77 - —0.85 —4.11 —5.82
50-59  —10.93 —4.46 3.42 7.99 4.80 1.93 —1.55 —3.55
60-69 —16.28 —10.00 —1.53 3.02 7.34 4.56 0.79 —1.19
70-79  —23.33 —16.14 —9.85 —4.70 10.68 7.46 4.74 247
80-90 —37.64 —28.87 —22.49 —17.52 17.47 13.51 10.74 8.55
Best multiple linear equation models of CT and CI
CT = Raw score + (vEducation — 3.4) x 9.545 + In(100 — age) — 3.74] x 24.414
CI = Raw score + (3.4 — vEducation) x 4.195 + [3.74 — In(100 — age)] x 11.584
Age CWT (color word time) CWI (color word item)

Primary School = Middle School  High School  University = Primary School =~ Middle School = High School  University
2029 - 27.69 44.68 53.13 - -3.77 —6.58 —8.04
30-39 - 14.43 32.89 45.92 - —1.84 —4.87 —6.99
40-49 - 6.43 23.78 32.53 - —0.68 —3.55 —5.05
50-59  —25.44 —9.96 8.66 19.15 4.21 1.70 —1.35 —3.11
60-69 —40.44 —25.49 —5.21 5.22 6.39 3.96 0.66 —1.08
70-79  —60.18 —42.66 —28.51 —16.40 9.26 6.45 4.05 2.06
80-90  —100.25 —78.33 —63.90 —52.29 15.08 11.63 9.19 7.27

Best multiple linear equation models of CWT and CWI

CWT = Raw score + (vEducation — 3.4) x 22.284 + [In(100 — age) — 3.74] x 63.366
CWI = Raw score + (3.4 — vEducation) x 3.684 + [3.74 — In(100 — age)] x 9.929

Age- and education-adjusted scores for the six indexes: WT, WI, CT, CI, CWT, and CWI (details of these indexes in the text). The values in the
tables, arranged for age and education intervals, provide a mean adjustment to be added to the observed score to obtain an age- and education-
independent score. Adjustment formulae are provided and can be applied to specific cases to obtain precise corrections

The correlation with gender did not reach the statistical
significance for any index. The effect of gender on SCWT
performance is controversial. Considering the previous
Italian normative studies, only one reported a significant
effect of gender using the classical ‘paper’ version but not in
the computer version [19]. The remaining two studies [20,
21] are in keeping with our findings, even though partially
different indexes were used. The international normative
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data do not describe the effect of gender in a Caucasian
population [33], but only in an Asiatic sample [32]. More-
over, even in the original study of Stroop [1], data were
inconclusive, because in the first experiment reaction times
were similar between males and females, while in the third
experiment females performed better than males The authors
suggested that the difference could be ascribed to differences
in educational background between males and females.
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Table 5 Equivalent scores for six indexes (age- and education-corrected scores)

Equivalent score WT range WI range CT range CI range CWT range CWI range

0 >105.78 <38.2 >129.2 <30.08] >257.83] <15.80

1 (105.77-73.40] (38.3-47.0] (129.19-97.64] (30.09-33.9] (257.82-193.4] (15.81-17.9]
2 (73.40-55.10] (47.0-57.1] (97.65-82.47] (33.9-39.45] (193.4-158.0] (17.9-21.52]
3 (55.10-45.55] (57.1-68.0] (82.47-71.88] (39.45-45.4] (158.0-136.04] (21.52-24.47]
4 <45.55 >68.00 <71.88 >45.4 <136.04 >24.47

Equivalent scores cut-off values for the six indexes of Stroop test to be applied to age- and education-adjusted scores. Square bracket indicates a
right-closed (including endpoint) interval, while round bracket indicates a left-open interval

A possible limitation of this study arises from the
regional composition of the sample, as subjects were
enrolled in a single Northern Italian region, even if their
origin was composite, due to inter-regional mobility. Fur-
ther studies might clarify if additional regional or social
factors affect the scoring.

This study introduced three indexes (WT, CT, CWT),
computed as the total time needed for reading each table:
these indexes were not described in the previous Italian
studies and were considered here in order to specifically
evaluate sustained attention through the reaction times to
unambiguous and ambiguous stimuli. These indexes, together
with the other three (WL, WL, CWI), could be useful in the
identification of attentional profile both in brain pathologies
of the third age, such as AD [8], FTLD [9, 10], and LBD [10]
and in typical brain pathologies of the adulthood, such as
brain injury [38] and multiple sclerosis [39].

In conclusion, we have collected an updated set of
norms for the classical, full card version of the SCWT, in
healthy subjects from 20 to 90 years old, balanced for age,
education, and gender. Several indexes have been analyzed
and cut-off values were derived, exploring different aspects
of attention. This normal data set paves the way to further
studies, exploring the usefulness of these indexes, either
alone or taken together in various combinations, for the
detection of attentional disorders in specific pathological
conditions.
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