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Performance in the Stroop color word test in
relationship to the persistence of symptoms
following mild head 1njury

Acta Neurol Scand 1992: 85: 116~121,

refationship between these two phenomena.

Studies of patients with mild head injury (MHI)
cover a heterogeneous population as there are sub-
groups of patients who recover quickly, within days,
whereas others have persistent postconcussive symp-
toms (PCS) after the first weeks of recovery. Esti-
mates of the incidence of PCS in the first months
following MHI vary from 20--80%, (review 1}. Evi-
dence is accumulating that even mild to moderate
head injury may produce subtle cognitive deficits
(2,3). These deficits appear to selectively impair
functions of attention and information processing
and are found most consistently with more complex
and demanding tasks (4). Gronwall & Wrightson (3)
reported that functions of information processing
were impaired during the first weeks post injury, with
resolution by 35 days unless posttraumatic symp-
toms persisted. These authors suggested that a re-
duction in the rate of information processing was an
important factor in the genesis of the postconcussion
syndrome. In addition, Jakobsen et al. {3) were able
to predict the persistence of PCS by using a reaction
time task. In contrast, there are other reports that do
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There is much controversy about whether the persistence of postconcussive
symptoms (PCS) in mild head injured patients (MHI) is related to the
presence of cognitive deficits. Most studies performed so far have relied on
normal non-concussed control subjects rather than directly comparing
patients with and without PCS following MHI. In addition, subtle cognitive
deficits may be present in MHI patients that are demonstrable only with
more demanding cognitive tasks. In the present study the Stroop Color Ward
Interference Test together with a more demanding modified interference
subtask was administered to two groups of patients with uncomplicated MHI
10 days, 5 weeks and 3 months after the injury. Ten patients with
persistent symptoms at 3 months were selected and individually matched
with MHI patients who had initially reported symptoms but who had
recovered by 3 months. The scores of the two retrospectively defined groups
were compared at the different time points. Between-subjects analysis
revealed overall differences for both the original and modified color word
interference subtask, Within-subject analysis indicated that only the recovery
rate in the modified interference subtask was significantly different

between the two groups. The observation that there was a parallel trend
between recovery and persistence of PCS and performance on the cognitive
interference measures supports the notion that there is a functional
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not support a relationship between the presence of
postconcussive sequelae and reaction time measures
(2) or memory deficits (6). These conflicting results
may be because of methodological differences, such
as the heterogenicity of the patient groups, the dif-
ferent post-injury time intervals, the nature of the
cognitive test used, and the extent of everyday stress
the cognitively disturbed patient experiences.

The Stroop color word test (7} has been used as
a test to measure selective attention in head-injured
patients (8). Although there are several versions of
the Stroop test, the essence of the interference sub-
task is that the subject has to name a set of colors
when they are printed as letters in ink of a conflicting
color (e.g., “blue” printed in green ink). Generally,
the difference in time taken by subjects to perform
the interference subtask compared with the subtasks
of color naming or reading is thought to be because
the automatic reading response interferes with the
response required by the task; thus the time taken
can be considered a measure of selective attention
(9, 10). So far, studies that have used the Stroop



color word test with moderately to severely head-
injured patients have yielded consistent results and
indicate that head-injured patients are slower than
controls in both the color naming, and color nam-
ing with interference tasks, but that they are not
disproportionately slower in the interference test
when data are aggregated at a group level (11-14).
As there are patients who recover completely within
days or weeks after MHT (5), it is evident that there
are different subgroups within a general population
of patients with MHI, varying from subjects with no
or only minimal brain damage to patients with more
severe posttraumatic brain dysfunction. Therefore, it
was the first aim of the present study to investigate
the recovery of different, retrospectively defined, sub-
groups of patients with MHI with and without PCS
by using the Stroop color word test. The second aim
of the study was to determine whether a more de-
manding, modified color word interference task -
that has face validity with situations which.require
flexibility in the planning and execution of complex
behavioral acts — could increase the sensitivity of the
Stroop test to detect posttraumatic brain dysfunc-
tion.

The demands of the newly developed subtest com-
pared with the orthodox color word interference
subtask are greater, as flexibility is required to shift
between the naming and reading of the items de-
pending on a special visual cue given with the words.
Recently, we found that an unselected group of pa-
tients with MHI performed on this modified inter-
ference subtask less well than non-concussed sub-
jects, in contrast to their performance on the orthodox
interference subtask (unpublished data).

We used patients who were recovering from MHI
as controls to better isolate the experimental vari-
able of recovery in order to test the hypothesis that
the presence or absence of subjective recovery from
head injury affected performance on the cognitive
measure.

Subjects and methods

Two groups of MHI patients were selected from a
larger population of patients (N = 43: 22 women, 21
men, mean age 27.7+ 13.1 yr; SD) who were par-
ticipants in a comprehensive cohort study of patients
with uncomplicated MHI. The first group (Group A)
consisted of 10 (5 women, 5 men) who still com-
plained of persistent PCS 3 months after the trauma.
In contrast, Group B consisted of carefully matched
patients who initially reported PCS, but gradually
improved and had completely recovered 3 months
after the injury. Patients were individually matched
for age ( + 4 vears; range), sex and educational level
(+ 1 level; range) (15).

The criteria for inclusion in the larger MHI study

Stroop color word test and head injury

included a posttraumatic amnesia not exceeding
60 min, a period of unconsciousness of less than
15 min, a Glasgow coma score of IS on admission,
no serious traumatic physical complication (includ-
ing the absence of an orthopaedic injury), and will-

- ingness to participate. Patients who had been intox-

icated at the time of the trauma, had a skull fracture,
had evidence of a neuropsychiatric history or had
sustained a head injury within the fast {0 vears were
excluded. No subjects were involved in litigation.
Foliow-up assessments took place 10 days (614 d},
5 weeks (4-6 w), and 3 months (12-16 w) after the
injury. All patients and controls were younger than
45 years. None of the subjects were color blind. The
mean age and educational level of the subjects are
presented in Table 1. With respect to the severity of
the mild head injury there was no significant differ-
ence between the two groups when patients were
categorized according to the duration of the post-
traumatic amnesia (PTA shorter or longer than
15 min). There were three patients with a PTA longer
than 15 min in Group A, whereas there were four in
Group B (P> 0.05). All subjects gave their informed
consenl.

Postconcussive symptoms

A checklist of postconcussive symptoms was com-
pleted, which included items such as headache, diz-
ziness, nausea, irritability, difficulties with concen-
tration and memory, fatigue, sleep disturbances and
blurred vision. As these symptoms can also oceur in
non-concussed subjects (16}, the symptoms were
scored for their absolutely or relatively increased
appearance after the injury in comparison with the
pretraumatic condition.

All the patients with persisient PCS (Group A)
complained of several PCS up to 3 months after the
injury without there being significant recovery. In
contrast, the patients of Group B initially complained
of PCS at 10 days and 5 weeks but had completely
recovered by 3 months (Table 2).

Test matenial

Stroop test — The Stroop color word interference test
used in the present study is a commercial version
available in the Netherlands (Swets & Zeitlinger,
Lisse, 1971). The test consists of three parts, with

Table 1. Age and educational level (15) of patients with (PCS+) and without {PCS~)
persistent sympioms 3 manths after MHI. Mean data are presented (+5D)

Age Educational level
pPCsS+ 25.048.7 4.740.67
PCS— 2484973 46+0.72
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Table 2. Frequency distribution of postconcussive symptoms for the two groups at the
three follow-up assessments {absoluts numbersh. PCS+ patients with persistent PCS
3 months following MH! {N=10), PCS~ patients who had subjectively recovered by
3 months {N=10}

10 days 5 wieeks 3 months

PCS-  PCS+  PCS-  PCS+  PCS-  PCS+

Headache
Nausea
Fatigue
Dizziness
Forgatful
Poor concentration
Disturbed sleep
Blurred vision
At least

1 PCS
More than

3 PCS or more
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each part being presented on a 21 x 29.5 ¢cm sheet of
paper. Ten lines are printed in each subtask with 10
items per line. The test examines the speed at which
100 color names (yellow, green, red, and blue) are
read (subtask 1) and the speed at which 100 colored

red Bl e yellow wellow

green !
R T R R

yel low

i qreery green green
green yellow greer green red

[ yellow green green green
yellow greert green green red

i red yel low green
blue { green blue red grean
blue yellow yellow yellow yeliow
yvallow red green § red

spots are named (subtask 2). Subtask 3 again in-
volves 100 color names, but the naming of the print-
ing ink of the words is taken as the test variable. The
color word interference measure is obtained by sub-
traction of the time needed for subtask 2 from that
needed for subtask 3 (3 -2).

New subtask 4 — Twenty words from subtask 3 were
randomly selected, and 20 small rectangles (0.8#
2.0 ¢cm) were drawn around these words (Fig. 1).
The instructions as given to subjects for the modi-
fied subtask (subtask 4"} were the same as these for
subtask 3, except for the rectangularly lined items.
For these items the subject was requested to read the
printed word.

A component of subtask 1 (reading names) con-
stituted 209 of the trials of subtask 4. Therefore,
subtraction of the time of a weighted combination of
the times needed for subtasks 1 and 2 [ 1/5=t(subtask
1)+ 4/5*t{subtask 2); t = time in seconds] from the
time needed for subtask 4 was calculated as the
interference measure for subtask 4. All subjects were
instructed to perform the task as quickly and as
accurately as possible. Further details about the sub-
task will be described elsewhere.

red red red red
VI

green green blue

green qreen red yal {ow yel low
green l red J [ yellow l red red

red gt een red yellow yellow
green green yellow red
biue green blue blue yel low
yellow yellow blue blue blue
blue blue green | red

red green yellow vellow bl ue

Fig. 1. Modified subtask of the Stroop color word interference test: 20 ilems were randomly placed within a rectangle.
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Analysis

Data were analyzed by using an analysis of variance
with the factor “group” (patients with and without
PCS at 3 months) and the factor “time” (10 days, 5
weeks and 3 months) with repeated measures on the
last factor (17). Within-subjects analysis was ap-
plied to assess differences in the recovery rates for
each subtask. Between-subjects analysis was used to
evaluate overall differences between groups per sub-
task. Univariate tests per time point were applied for
significant main effects. In addition, the interference
measures of the two subtasks were analyzed when
the raw scores of the subtasks were significantly dif-
ferent. Probabilities greater than 0.05 were consid-
ered as nonsignificant.

Results

The results for the four subtasks of the Stroop
test for the two patient groups at the different
times are presented in Table 3. Repeated mea-
sures ANOVA revealed no significant timexgroup
interaction or an overall “group” effect for either
subtask 1 [F(2,36)=1.23,ns and F(1,18)=1.41,ns,
respectively] or subtask 2 [F(2,36)<1l,ns and
F(1,18)=2.08,ns, respectively]. ~Although the
timexgroup interaction term for subtask 3 was
not statistically significant [F(2,36) = 2.85,P = 0.08],
there was a significant overall “group” effect on this
subtask [F(1,18)=6.82,P<0.01]. The two groups
differed both at 5 weeks [F(1,18)=5.40,P <0.05]
and 3 months [F(1,18) =8.56,P <0.01] on this mea-
sure.

There was a significant time*group interaction
[F(2,36)=8.76,P<0.01] and an overall “group”

Table 3. Results of the Stroop color word interference test. Means [seconds] are pre-
sented with SD. PCS+ patients with persistent PCS 3 months following MHI, PCS -
patients who had subjectively recovered by 3 months. Significant differences between
the two groups are marked with asterisks

10 days 5 weeks 3 months

Subtask 1

PCS+ 49.02 {11.67) 47.64(13.10) 47.96{12.86)
PCS~ 41,64 (4.06) 40.5914.20) 39.54{4.89)
Subtask 2
PCS+ 62.97(13.89 58,72 [15.75} 61.1216.91)
PCS- 52,25 (6.12} 48.88 16.13} 50.04{5.67)
Subtask 3
PCS+ 93.97{17 48} 90.33{17.48* 94.49 (24.39]%*
PCS— 80.30(13.05) 72.68(18.16] 58.81(13.26)
Subtask 4
PCS+ 106.79{19.77} 101.96 {23501 101.60(22.26)*
PCS- 97.15{19.58) 82.44(12.88) 75.12{12.41)

# P<0.05.
® p<0.01.

Stroop color word test and head injury

effect [F(1,18)=4.49P<0.05] for the scores of
the modified subtask 4. Further analysis per time
point indicated that the groups did mnot differ
at 10 days, but were significantly different at 3
weeks [F(1,18)=5.31,P<0.05] and at 3 months

- [F(1,18)=10.55,P < 0.01] (Fig. 2).

Because of the significant differences between the
raw scores of subtask 3 & 4 at 5 weeks and 3 months,
the two interference measures were compared be-
tween the two groups: there were only signifi-
cant differences at 3 months. For the interference
derived from subtask 3 (3 —2) PCS patients scored
33.37+15.07 wversus patients without PCS
18.76 + 11.03, [F(1,18) = 6.07,P < 0.05]. For the in-
terference measure derived from subtask 4 the mean
scores for the patients with PCS were 46.01 + 15.77,
and for the patients without PCS 27.18 +9.95,
[F(1,18)=9.91,P <0.01]. This indicates that the pa-
tients with PCS were disproportionately slower at
the two interference measures only 3 months after
injury in comparison with the patients who had re-
covered by 3 months.

Discussion

Studies in which the Stroop color word test has been
used with head-injured patients have yielded consis-
tent results indicating that the patients have no spe-
cific difficulty in focusing on the color dimension of
the ambiguous stimuli when data are aggregated at
a group level (11, 14, 18). In the present study, the
MHI patients were divided into subgroups with re-
spect to the persistence of symptoms. We found that
patients with persistent PCS at 3 months had more
difficulties with the Stroop color word interference
measure {3 — 2), than patients without PCS but not
at 10 days and 5 weeks when both groups consisted
of patients who had persistent symptoms at these
times. This interference effect at 3 months could not
be explained by a slowness to name colors (subtask
2). Within-subject analysis indicated that only the
recovery rate in the modified interference subtask
was significantly different between the two groups.
The extra flexibility in attentional demands and strat-
egies needed in the modified subtask to direct atten-
tion to the different interference stimuli requires more
effort from the patients with PCS than from the
patients without PCS. This notion is consistent with
circumstantial evidence that the cognitive deficits of
MHI patients are especially manifested when cog-
nitive demands are high and when patients have to
deal with the complex tasks.

The present results are in accordance with the
study of Gronwall (19) who found that the number
and severity of PCS symptoms decreased as the rate
of information processing improved. In contrast,
Ruff etal. (6) found that recovery from memory
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] -=={J-= Subtask Il PCS+
100 - ---@--- Subtask Ill PCS-
’ =} Subtask IV PCS+
90 - ——  Subtask IV PCS-

Time (seconds)
3
N S

70 ~
60 v T "y T ¥ 7 r
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Assessment

Fig. 2. Mean scores at the Stroop color word interference subtask 3 and the modified more complex interference subtask 4 for patients
with and without PCS 10 days { = assessment 1), 5 weeks (= assessment 2) and 3 months { = assessment 3) after the injury.

deficits following MHI did not parallel recovery from
PCS. It is possible that persistence of PCS may be
related more to disturbances in information process-
ing than to changes in intrinsic memory functions.

As we have no data on the premorbid cognitive
and personality functions of the patients, it is pos-
sible that these could be biasing factors. Neverthe-
less, only patients with uncomplicated MHI who did
not have a premorbid compromising condition were
selected. Patients were also matched for their edu-
cational level. Despite the persistence of symptoms,
9 of 10 patients had resumed their work within 3
months after the injury. It has been reported that
cognitive performance can deteriorate over time in
patients with high levels of stress and emotional re-
percussion after the injury (5). In the present study
it appeared that in 4 patients with PCS the resump-
tion of work aggravated both their symptoms and
their cognitive performance (Tables 2, 3). This is
consistent with circumstantial evidence that the ap-
pearance of PCS depends on the level of environ-
mental stress that a patient has to cope with. From
a reverse point of view, patients appear to be able to
cope with the demands of everyday life only when no
time pressure is laid upon them or when they are
allowed to do one thing at the time in their own
tempo.

Connor et al. (20) found a clear practice effect
with repeated testing of the Stroop test in healthy
subjects, especially from the first to the second test-
ing. We found that healthy subjects also displayed a
clear practice effect on repeated testing with the
modified subtask {mean - 7.64%). The mean per-
centage change in performance on the modified sub-
task between the first two assessments was —4.6%
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for patients with persistent PCS and - 14.3%, for
the patients who had recovered. Although a direct
comparison may not be valid (21), it appears that the
improvement in the latter group is due to both re-
covery and practice effects.

It can be summarized that the persistence of PCS
following uncomplicated MHI may be related to the
persistence of a cognitive deficit as detected in a
color word interference task. With respect to the
recovery of symptoms of MHI, there was a signifi-
cant relationship between subjective recovery and
the recovery rate in the modified more complex sub-
task. Patients with PCS may have more difficulties
with perceptually interfering stimuli than MHI pa-
tients without persistent PCS.
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