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     Cognitive dysfunction is known to be a devastating
consequence of Multiple Sclerosis (MS), commonly affecting
processing speed, episodic and working memory1,2. Despite a
high prevalence of cognitive impairment, clinicians have a
difficult time identifying mild to moderately impaired MS
patients partly because cognitive changes tend to present as
insidiously progressive while intellectual function and language
function remains intact. Thus, a comprehensive battery of
validated tests is needed to investigate the potential cognitive
impairment in MS patients. There are two commonly used
batteries to assess cognitive dysfunction in MS, both of which
have normative data available: Rao’s brief Repeatable battery
(bRb) and the Minimal assessment of Cognitive Function in
MS (MaCFiMS)1,3,4. 

ABSTRACT: Background: Cognitive impairment in multiple sclerosis (MS) often involves attentional deficits. The Stroop colour word
test, a measure of attention, lacks current normative data for an english-speaking North american MS population. Further some authors
suggest the Stroop actually measures processing speed. Objective: To generate normative data for the Stroop colour word test that can
be used for a Canadian or North american MS population and to examine the relationship between processing speed tests - the Paced
auditory Serial addition Test (PaSaT) and Symbol Digit Modalities Test (SDMT) - and the Stroop. Results: Data from 146 healthy
subjects aged 18-56 was collected. age was significantly although weakly correlated with general intelligence (r=0.168, p=0.043)
assessed with the North american adult Reading Test (NaaRT), and education (r=-0.313, p<0.001). No demographic variables were
associated with SDMT or PaSaT. age had a low-moderate negative correlation (r=-0.403, p<0.001) with Stroop scores. The mean
(±standard deviation, SD) Stroop score was 45.4(10.4). The z-score can thus be calculated as [(X-45.4)/10.4]. if adjusted for age, Xadj
= [X-(-0.47)(age-37.5)] and is substituted for X. in a comparison MS population consisting of 75 randomly selected patients from the
MS Cognitive clinic, Stroop and PaSaT performance were not related. a relationship existed between Stroop and SDMT scores but only
12.2% of the Stroop score variance was explained by the SDMT. Therefore, the Stroop measures selective attention independently of
processing speed. Conclusion: This data can be used to determine impaired attention in MS patients.

RÉSUMÉ: Données normatives pour le test mot-couleur de Stroop chez une population nord-américaine. Contexte : Les troubles cognitifs dans
la sclérose en plaques (SP) incluent souvent des déficits de l’attention. On ne possède pas de données normatives actuelles pour le test mot-couleur de
Stroop, une mesure de l’attention, pouvant être utilisées chez une population nord-américaine de langue anglaise composée de patients atteints de la SP.
De plus, certains auteurs suggèrent que le Stroop mesure réellement la rapidité de traitement. Objectif : Le but de l’étude était de générer des données
normatives pour le test de Stroop qui puissent être utilisées chez une population canadienne ou nord-américaine de patients atteints de la SP et
d’examiner la relation entre les tests de rapidité de traitement – le Paced auditory Serial addition Test (PaSaT) et le Symbol Digit Modalities Test
(SDMT) – et le Stroop. Résultats : Les données de 146 sujets sains âgés de 18 à 56 ans ont été recueillies. L’âge était significativement corrélé, bien
que la corrélation soit faible, à l’intelligence générale (r = 0,168 ; p = 0,043) évaluée au moyen du North american adult Reading Test (NaaRT) et au
niveau de scolarité (r = -0,313 ; p < 0,001). aucune variable démographique n’était associée au SDMT ou au PaSaT. L’âge était modérément corrélé
négativement (r = -0,403 ; p < 0,001) au Stroop. La moyenne (± l’écart type, ÉT) du score au test de Stroop était de 45,4 (ÉT 10,4). Le score z peut
donc être calculé ainsi : [(X – 45,4)/10,4] et, après ajustement pour l’âge, Xa = [X – (0,47)(âge – 37,5)] Xa étant substitué à X. La performance au Stroop
et au PaSaT n’étaient pas reliées chez une population de 75 patients atteints de SP choisis au hasard dans une clinique de psychologie cognitive dédiée
aux patients atteints de SP.  il existait une relation entre le test de Stroop et le test SDMT, mais seulement 12,2% de la variance du score au test de Stroop
était expliquée par le SDMT. Le Stroop mesure donc l’attention sélective indépendamment de la rapidité de traitement. Conclusion : Ces données
peuvent être utilisées pour identifier une altération de l’attention chez des patients atteints de SP.
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ORIGINAL ARTICLE

     Selective attention can also be impaired in MS patients3,5

which is the ability to focus solely on what is important, thus
suppressing irrelevant information6. Yet, neither of these
batteries included a measure of attention. The Stroop colour
word test is considered the gold standard of attentional
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measures7-9. The Stroop was originally developed in 193510. The
most commonly used version is the Golden version, developed
in 1978, where the score of interest is the “interference” task.
The subject is given a card with colour names written in an
incongruent ink colour; and the subject voices the ink colours,
ignoring the written word. The number of correct responses in 45
seconds is recorded6. it is a sensitive test for impaired
concentration and difficulty in warding off distraction5 since
reading, in literate adults, is a fast automatic process and difficult
to inhibit. There is normative data from 1978 for a population
ranging in age from 15-90 years based on 100 subjects. an
additional 300 normal controls, collected over a 20 year span,
were added to these data in 200211. More recent standardized
scores were developed for the older population (> 55 years) to be
used in the dementia population12,13. There is currently no
updated population that corresponds to an english-speaking,
North american MS population. Golden found, in his 1978
normative data, that both gender and education were associated
with Stroop scores6. Other published normative data found no
influence of age in the older population (>65 years), and only a
small influence of age in a more broad sample of subjects aged
12-8314,15. Other published normative data found age,
intellectual level and/or education to be related to Stroop
scores16-18. Most of these norms were published many years ago
and thus, it is unknown whether the data would still be
considered valid for a contemporary, predominantly young (age
18-56) female population as education levels attained has risen
significantly in the last three decades, especially in women. The
updated Golden normalized data adjusted for both age and
education since they were confounders in the original sample,
although whether they were related to Stroop scores in this new
sample was either not reported or not examined11. The lack of
normalized data limits the ability of clinicians to distinguish
normal vs. impaired selective attention in MS patients.  
     Several researchers hypothesized that the Stroop is measuring
deficits in processing speed (PS) rather than selective attention in
the MS population; others have postulated that working memory
or executive function play a role, especially in the interference
trial19,20. both the bRb and the MaCFiMS include two
measures of processing speed: the Paced auditory Serial
addition Test (PaSaT) and the Symbol Digit Modalities Test
(SDMT)21-23 and thus PS is adequately assessed when this
battery is administered. if the Stroop is simply another measure
of PS, it would not be a useful independent test. However, if is
measures selective attention independently of PS, Stroop scores
would add another tool to identify MS patients with cognitive
impairment who often have impairment in domains other than
PS alone.
     This study was designed to collect data from a cohort of
“normal” controls representative of the healthy general
population on the Stroop, PaSaT and SDMT. These data would
be used to generate normalized data to determine the degree of
impairment when testing our MS population with the Stroop
colour word test. Further, it would be used to examine the
correlation between Stroop scores and two conventional tests of
PS to compare the relationship between PS and selective
attention. Since most cognitively impaired MS patients have
some degree of PS impairment4, using a normal population to
delineate the contribution of PS and attention to the Stroop

removes this confounder. Finally, in a random sample of MS
patients with varying degrees of cognitive impairment, abnormal
Stroop scores based on the normal data obtained in this study
will be compared with abnormal SDMT and PaSaT scores to
determine the relationship between these cognitive tests.

METHODS
Participants – Normal Controls 
     Subjects aged 18-56 were recruited using posters in medical
clinics, online advertisements and social networking sites from
October 2011 to December 2011. Subjects with a history of
drug/alcohol abuse, psychiatric disorders, attention deficit
(hyperactivity) disorder, learning disability, any neurologic
disease with the potential to cause cognitive impairment (i.e.
alzheimer’s disease/mild cognitive impairment, or traumatic
head injury) or a major medical illness were excluded. Normal
vision, at least 20/70 corrected and normal colour vision, and
hearing was required.

Participants – MS patients
     To determine whether the Stroop colour word test is simply
measuring processing speed in the MS population, rather than
selective attention, 75 MS patients assessed in the cognitive MS
clinic for clinical reasons were randomly selected for
comparison. Multiple Sclerosis patients aged 18-56 were
included if they had all three tests (SDMT, PaSaT and Stroop)
administered, without evidence of severe depression determined
either by clinical assessment or a score on the beck Depression
inventory, Fast Screen (bDiFS)24 of 12 or less (excluding
subjects with severe depression), had an Fatigue Severity Scale
(FSS) score less than 6.0 (excluding subjects with severe
fatigue)25,  and no history of any other medical reason that could
impair cognitive function, as delineated above. This population
did not differ significantly from the normal controls on
demographic characteristics.

Procedures and Measures
     The subjects were interviewed regarding their demographics,
including age, gender, years of education achieved, and
ethnicity. information regarding past medical history, current
medical conditions and medication use (prescribed and over the
counter) were also obtained during the interview. birth control
medication, thyroid replacement, over the counter pain
medication and medication for hypertension were allowed; all
other medications and conditions were excluded. The North
american adult Reading Test (NaaRT), a measure of general
intelligence26, was administered. Unreported depression was
assessed with the bDiFS.  
     The Golden version of the Stroop colour word test consists of
three parts. in the first, the subject reads a list of colour names
printed in black ink. Next, the subject is given a card with Xs in
different colours of ink; he/she names the colour of the ink.
Finally, the subject is given a card with colour names written in
an incongruent ink colour.  He/she voices the ink colours,
ignoring the written word6,27. The number of correct responses in
45 seconds for the colour-word step is considered the
“interference” component of the Stroop test. in this study, all
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three parts were administered but only the interference score was
used as a measure of selective attention. a higher score indicates
better selective attention.
     To measure processing speed, the oral version of the Symbol
Digit Modalities Test (SDMT) was used3. The subject voices the
number associated with target symbols based on a grid printed at
the top of the stimulus page. The score is based on the number of
correct responses in 90 seconds. Rao’s version of the Paced
auditory Serial addition Test (PaSaT), validated in the MS
population, was used in this study3. The PaSaT also measures
processing speed as well as working memory. Single digits are
presented every three seconds; subjects are instructed to add
each new digit to the one immediately preceding it and respond
orally. Subjects must ignore the previous total and add the next
two digits during the time allotted. a higher score on either test
indicates better processing speed.

Analysis
Calculating z-scores
     Distribution of the test results was assessed for normal
distribution using the Kolmogorov-Smirnov test. The mean and
standard deviation (SD) of this “normal control” population was
determined in order to calculate a normalized score (z- score) for
the Stroop test based on the following formula: (subject score –
mean)/SD. To examine the influence of demographic variables
on test scores and identify potential confounders, Pearson’s
correlation or one-way analysis of variance (aNOva) was use
where appropriate. any p-value p=0.1 or less was considered a
potential confounder. if any subject characteristic was found to a
potential confounder the score obtained for the Stroop test as
determined by the analysis above; regression analysis was used

to determine the beta coefficient (b). The corrected subject score
was obtained in the following way: [raw patient score –
b*(subject characteristic score-mean characteristic score)], and
inserted into the formula above.
Determining the contribution of processing speed to the 
Stroop scores
     To determine the potential influence of processing speed vs.
selective attention on Stroop interference task scores (herein
referred to only as Stroop or Stroop scores), correlation analysis
between the raw scores on the Stroop and both the PaSaT and
SDMT was performed. if any demographic data was found to
potentially confound the results of the PaSaT or SDMT, the
analysis was adjusted accordingly. all statistical analyses were
performed using SPSS 18.0. in the MS subjects, chi-square was
used to determine if there was a relationship between an
impaired score on the Stroop and impaired SDMT and PaSaT
scores. a z-score of <-1.5 was considered abnormal as per the
MaCFiMS classification. Logistic regression was used to
determine the contribution of the PaSaT and SDMT to the
variance in the Stroop scores.
     This study was approved by the Research ethics board at the
University of Western Ontario, London, ON Canada.

RESULTS
     There were 146 normal subjects tested; the mean age was
37.5 years ± 10.9 standard deviations (SD) and 68.5% (n=100)
were female. The mean years of education achieved was 14.3 ±
2.1 and a mean NaaRT score was 107.8 ± 7.4, indicating that
the estimate of our sample’s general intelligence was above
average (NaaRT score of 100.0). The majority of subjects were
Caucasian and born in Canada (89.7%, n=131). age was
significantly correlated with NaaRT scores (r=0.168, p=0.043)
and education (r=-0.313, p<0.001) but these were only weak
correlations, as indicated by the low r score. There were no other
significant relationships detected between demographics or
subject characteristics (Table 1).
     The mean SDMT score was 63.3 ± 9.7 and the mean PaSaT
score of the healthy controls was 47.6 ± 9.1 similar to previously
published english-language data3,28,29. The mean Stroop score
was 45.4 ± 10.4 with a range of 21-85. both the SDMT and the
Stroop results were normally distributed with Kolmogorov-
Smirnov test. The PaSaT was not normally distributed
(p=0.005) which is not unexpected due to the ceiling effect of the
test (a maximum score of 60). None of the demographic
variables were significantly associated with SDMT or PaSaT.
age was significantly associated with the Stroop scores
(p=0.025) with a low-moderate negative correlation (r=-0.403,
p<0.001). Neither gender nor education was correlated with
Stroop scores in this normal population.
     Linear regression determined that age contributed 16.2% of
the variance in Stroop scores for the healthy control group. The
beta coefficient for age was -0.403 (p<0.001). The z-score,
unadjusted for age, for the Stroop color word test can be
calculated as [(X-45.4)/10.4]. Z-scores of -1.5, which can be
used to determine an abnormal score, was equivalent to a raw
score of 30, and thus any score less than 30 would be considered
impaired. if adjusted for age, Xadj is calculated as [X-(-
0.40)(age-37.5)], and Xadj is substituted for X in the above
formula.   

NaaRT: North american adult Reading Test; bDiFS: beck
Depression inventory-Fast Screen; N: number; SD: standard deviation

 
 
 

       
 
 
 

             
 
 

 
Demographic 

 

Age (years) 
 Mean ± SD 

 
37.5  ± 10.9 

Sex   N (%) 
  Female 
  Male 

 
100 (68.5) 
  46 (31.5) 

Ethnicity  N (%) 
   Caucasian              
   African Canadian 
   Native Canadian       
   Other                       

 
131 (89.7) 
    4   (2.7) 
    1   (0.7) 
  10   (6.9) 

Born in Canada?  N (%) 
   Yes 
   No 

 
131 (89.7) 
  15 (10.3) 

Education (years) 
Mean ± SD 

 
14.3 ± 2.1 

NAART 
Mean ± SD 

 
107.8 ± 7.4 

BDIFS  
Median (range) 

 
0 (0-8) 
 

Table 1: Demographics of 146 healthy controls
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     To determine the relationship between the PaSaT, SDMT
and Stroop and to determine the potential influence of processing
speed vs. selective attention on Stroop scores, correlation
analysis was performed. The PaSaT and SDMT results were
moderately but significantly correlated with each other (r=0.333,
p<0.001). both tests of processing speed demonstrated
moderately positive significant correlations with the Stroop,
stronger with the SDMT (r=0.514, p<0.001) than the PaSaT
(r=0.403, p<0.001) (Table 2). Fisher’s exact test was used to
determine if there was a relationship between an impaired score
on the Stroop (age adjusted) and impaired SDMT and PaSaT
scores (z-score < -1.5); the Stroop score was not found to be

significantly predictive of either test (SDMT p=0.380, PaSaT
p=0.380) (Table 3).
     Finally, SDMT, PaSaT and Stroop scores from the randomly
selected MS patients were compared. The demographics and
characteristics of this population are noted in Table 4. impaired
SDMT scores were found to be related to impaired Stroop scores
[X2 (1, n=75)=9.09, p=0.003) while the impaired PaSaT scores
were not (X2(1, n=75)=2.75, p=0.10). Logistic regression, using
forward step (Wald), found the SDMT only accounted for 12.1%
of the variation in Stroop scores while the PaSaT did not
significant explain any of the variance and was not added to the
model. Overall, SDMT scores were not predictive of impairment
on the Stroop test (Table 5).

DISCUSSION
     This study uses data from a healthy population to determine
norms for the Stroop colour word test to provide data to better
diagnose impaired selective attention in MS patients. Further,
this study confirms a possible small contribution of processing
speed to the performance on the Stroop in MS patients as the
SDMT accounted for 12.1% of the variance in Stroop scores, but
also demonstrates that the Stroop does measure selective
attention independently of processing speed.
     Selective attention, as previously defined, is the ability to
focus solely on what is important, thus suppressing irrelevant
information. it is known to be involved in traumatic brain injury
and concussions, depression, mild cognitive impairment and
dementia as well as many psychiatric disorders. The exact
pathological cause of deficits in selective attention in MS

Stroop: Stroop colour word test; SDMT: Symbol Digit Modalities Test;
PaSaT: Paced auditory Serial addition Test

 
 
 

 

              
  

Stroop 
 
SDMT 

 
PASAT 

Stroop --- r=0.514 
p<0.001 

r=0.403 
p<0.001 

SDMT r=0.514 
p<0.001 

--- r=0.333 
p<0.001 

PASAT r=0.403 
p<0.001 

r=0.333 
p<0.001 
 

--- 

                
 

Table 2: Pearson’s correlations between the three
administered tests in the normal control population

NaaRT: North american adult Reading Test; bDiFS: beck
Depression index Fast Screen; RR: relapsing remitting; SP: secondary
progressive; PP: primary progressive; CiS: clinically isolated syn-
drome; eDSS: expanded Disability Status Scale

 
 
 

 

              
 
Demographic 

 

Age (years) 
 Mean ± SD 

 
39.35  ± 8.9 

Sex   N(%) 
  Female 
  Male 

 
56 (74.7) 
19 (25.3) 

Education (years) 
Mean ± SD 

 
14.1 ± 2.2 

NAART 
Mean ± SD 

 
105.2 ± 8.6 

BDIFS  
Median (range) 

 
3 (3-11) 

Disease Duration 
Mean ± SD 

 
7.4± 7.5 

Type of MS 
    RR 
    SP 
    PP 
    CIS 

 
61 (81.3) 
  7   (9.3) 
  3   (4.0) 
  4   (5.3) 

EDSS 
Median (Range) 

 
2.0 (0-7.5) 
 

                  
            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4: Demographic and disease characteristics of the 75
randomly selected MS patients 

Normal: z-score ≥ -1.5 SD; impaired: z-score < -1.5 SD

 
 
 

 

 
 

             
  

SDMT 
Normal 

 
SDMT 
Impaired 

 
PASAT 
Normal 

 
PASAT  
Impaired 

Stroop Normal 38 24 51 11 
 

Stroop Impaired 2 11 8 5 
 

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5: Classification as cognitively unimpaired or
cognitively impaired in the MS cohort 

Stroop: Stroop colour word test; SDMT: Symbol Digit Modalities Test;
PaSaT: Paced auditory Serial addition Test; Normal: z-score ≥ -1.5
SD; impaired: z-score < -1.5 SD

 
 
 

 

 
 

              
  

SDMT 
Normal 

 
SDMT Impaired 

 
PASAT Normal 

 
PASAT  
Impaired 

Stroop Normal 130 10 130 10 
 

Stroop Impaired 5 1 5 1 
 

                
          

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Classification as cognitively unimpaired or
cognitively impaired in the normal control cohort
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patients is not yet known. Studies using fMRi in both normal
controls and MS patients without evidence of cognitive
impairment demonstrate activation in several areas of the frontal
and parietal lobes as well as the cerebellum30,31. Rovaris
demonstrated a correlation between impaired performance on the
Stroop and total lesion load and frontal lesion load32. Finally,
MRS demonstrates a decrease in Naa/Cr levels in right
hemipons as well as, globally MS patients demonstrating
impaired attention33.
     it is not surprising that age was significantly associated with
Stroop performance as other studies, detailed below, have shown
a strong relationship between advancing age and decreased
performance on measures of selective attention. in a study of
older adults, age but not iq, was found to be strongly associated
with Stroop performance, while iq was associated with
measures of executive function and verbal fluency34. another
study comparing healthy controls’ performance on the Stroop
divided into ten year cohorts found a significant main effect for
age, meaning a worsening of the score on the colour-word step
with each older cohort35. as mentioned previously, the 1978
norms for the Golden version also found age to be associated
with Stroop scores6. Our beta coefficient was found to be 0.4,
while both the 1978 and 2002 Golden norms use a beta
coefficient of 0.2311, indicating that we found a stronger
influence of age on the Stroop scores. This may reflect the age
difference of our two populations, as the Golden norms included
subjects aged 15-90, while we restricted our age group from 18-
56, more in keeping with the MS population. Thus, it is
important to interpret the performance of MS patients’ on the
Stroop in the context of age to account for any change that is due
to the normal aging process as opposed to underlying MS
pathology.
     Processing speed in MS is the most common cognitive
domain affected in the MS population, and presents as difficulty
with multi-tasking, shifting attention and processing rapidly
presented information2. The SDMT has been found to be a
sensitive screening test for cognitive impairment in MS21,36 with
reliable and valid results even when administered serially37,38.
as mentioned previously, it has been hypothesized that the
Stroop is measuring deficits in processing speed rather than
selective attention in the MS population based on significant
correlations found between measures of PS and the Stroop.
However, these studies used only one of the two tests validated
for MS patients39,40. a study by bodling et al (2008) used
performance on a PS test to predict Stroop scores; no statistical
difference was found between MS subjects and normal controls
in predicted and obtained reaction time, supporting the idea that
the Stroop is a measure of PS41. However, the sample in this
study was small (n=25). This current study demonstrates that,
although there is a contribution of PS to performance on the
Stroop, this contribution is small and only occurs with the
SDMT, which accounted for only 12.2% of the variance in
Stroop scores in MS patients. it is possible that the overlap
between the SDMT and Stroop is due to the visual administration
of the two tests, as both require visual scanning. in contrast, the
PaSaT measures processing speed in the auditory domain. This
study supports the use of a separate measure of selective
attention apart from the SDMT in order to identify those MS
patients who may have intact processing speed yet have
attentional deficits.

     it is important to be aware of the limitations of the Stroop test.
Multiple sclerosis patients may have decreased vision due to
optic neuritis’ in the past or subclinical involvement of the optic
nerve. Further, if the MS patient suffers from red-green colour
blindness, the test cannot be performed. it is essential to have
decreased visual acuity and/or colour vision prior to
administering the Stroop. 
     
CONCLUSION
     This study provides data to calculate z-scores for the Stroop
colour word test to be calculated in an english speaking North
american population, thus allowing clinicians to better assess
MS patients for impairment of selective attention. although
there may be some overlap between the cognitive domains used
to perform the Stroop and the SDMT, the two tests are
independent measures of selective attention and processing
speed.
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