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Possibilities of attentional control of pain: Influence of distractive
Stroop task on pain threshold and pain tolerance

DRAGUTIN IVANEC, TEA PAVIN and ANA KOTZMUTH

Attention has been shown to modulate pain perception, but the relationship between attention and pain percep-
tion is still not clearly understood. Two independent experiments were conducted to examine the influence of focus-
ing attention away from painful stimulation on the pain threshold and pain tolerance. In Experiment I (37 female
participants) the dependent variable was pain threshold, and in Experiment II (42 female participants) the dependent
variable was pain tolerance. Distraction task was classic color-based Stroop task. Each participant participated in
two experimental situations. In one experimental situation participants were experiencing noxious (painful) stimu-
lation while doing the Stroop task, and in the other experimental situation that stimulation was not accompanied
with the additional distraction task. The results show no analgesic effect of focusing attention away from painful
stimulation on either pain threshold or pain tolerance. These results are not consistent with the results obtained in
similar studies on the influence of attention on pain perception. Possible explanations for these results are based
upon different methodological approaches and upon the importance of interaction between various psychological
factors in pain perception, with the emphasis given on the expectation that distraction strategy will be effective in

modulating pain perception.
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There are many examples of the absence of pain in situ-
ations when the experience of pain would be expected, and
there is no absolute correspondence between pain percep-
tion and nocioceptive stimulation (e.g. sport injuries or in-
juries during war battles) (Melzack & Wall, 1996). These
examples clearly indicate that pain perception is not a linear
phenomenon, i.e. representations in the central structures
are not just a simple reflection of sensory input and pain is
more than the expression of sensory inputs. According to
the recent conception, pain is a complex sensation involving
three-dimensional integration of a sensory-discriminative,
an affective-motivational and a cognitive-evaluative com-
ponent (Peyron et al., 1999). Each of these components can
modulate the perceived intensity and level of distress, de-
pending on their presence. Petrovic and Ingvar (2002) sug-
gest that “one of the most potent sources of pain modulation
is the brain — although these mechanisms have only sparsely
been studied” (p. 1).
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According to Villemur and Bushnell (2002) attentional
state is probably the most-studied of psychological variables
modifiying pain experience. The rationale behind the view
of attention serving as a modulating factor in pain percep-
tion is due to its suggested limited capacity. Namely, due to
its limited capacity focusing of attention on some stimuli
will reduce the focus on other stimuli, evaluated as less rel-
evant in the given moment. Simply put, an organism that
could not filter anything would just not work. Theoretically,
it could imply that focusing attention away from the pain
could be effective in reducing the perceived level of pain
intensity.

A considerable number of experimental studies was car-
ried out to investigate the role of attention in modulating
pain perception. Various distraction tasks have been used
in several studies, e.g. reinterpreting cold-pressor pain as
pleasant (Blitz & Dinnerstein, 1971), pleasant imagery
(Horan & Dellinger, 1974), evaluating slides supposedly
for a subsequent recall task (McCaul & Haugtvedt, 1982),
different arithmetic operations (Jaremko, 1987; Beers &
Karoly, 1979; Hodes, Howland, Lightfoot, & Cleeland,
1990), and obtained analgesic effect of distraction on pain
perception. McCaul and Mallot (1984) report on several ex-
periments where imagery as a distraction strategy was man-
ifested as effective in reducing pain perception. However,
some studies report quite the opposite results, and in some
studies results showed no influence of different distraction
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strategies on pain threshold and/or pain tolerance (Scott &
Barber, 1977; Culm, Luscomb, & Scott, 1982).

Recent studies on the role of attention in pain perception
are also focused on discovering possible biological mecha-
nisms of analgesic effects of attention. These studies have
stressed anew the potential importance of cognitive factors
in pain modulation. By using different distraction strategies,
e.g. auditive task (Peyron et al., 1999), computerized per-
ceptual maze test (Petrovic, Peterson, Ghatan, Stone-Eland-
er, & Ingvar, 2000), innocuous vibratory counter-stimula-
tion (Longe et al., 2001) or just asking participants to either
focus or distract themselves by thinking of something else
but the painful heat stimulation (Tracey et al., 2002), the an-
algesic effect of distraction strategies was obtained. When
attending to a distracton task, participants’ ratings of pain
intensity were lower and, at the same time, the activity in
pain processing areas (pain matrix - somatosensory associa-
tion areas, thalamus, anterior cingulate cortex and periaque-
ductal gray area) was related to changes in pain perception.

Results of these studies support the relevance of attention
as a cognitive factor in pain modulation. Discovering and
locating specific brain areas, the activity of which appears
to be related to mechanisms of attention on one side, and its
analgesic effect on the other, is the key issue in understand-
ing the role of cognitive factors in pain modulation. Further-
more, these results would imply potential benefits of likely
cognitive-behavioral methods as pain-reducing procedures.

Although many studies obtained analgesic effects of dis-
traction on pain perception, the results are still ambiguous,
i.e. distraction tasks have not always been manifested as
effective in modulating pain perception. These ambiguous
results can imply that attention is not always an important
factor in modulating pain perception.

Eccleston (1995) indicates several methodological is-
sues which should be taken into consideration when it comes
to studies relating attention and pain perception. Namely,
methodological approaches in different studies dealing with
the role of attention in pain modulation are quite diverse,
and inconsistent results can be related to that diversity. An
important methodological issue (and a possible source of
inconsistency among the obtained results) is the instructions
given to the participants. The expression of pain is in fact
a social process. Therefore, it is very difficult to separate
one’s personal estimations/evaluations on how should one
react from one’s estimations of pain intensity only. For ex-
ample, placebo effect, mostly investigated in pain-related
research, is mainly based upon participant’s expectations
of a certain outcome (Price & Fields, 1999; Kirsch, 1999;
Stewart-Williams & Podd, 2004) and can be related to mea-
sures of pain intensity used. When subjective ratings are
used as a dependent variable in studies concerning the re-
lationship between cognitive factors and pain perception,
two outcomes are possible. For example, it can be unclear
what participants are expected to do — should they rate the
intensity of stimuli or the level of experienced discomfort.
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There is also a problem concerning the possible influence of
participant’s expectations. Probably the largest peril, when
it comes to consistent and comparable results, is a wide
range of distraction strategies used to divert attention away
from pain. These strategies vary from doing arithmetic op-
erations, pleasant imagery, reinterpreting painful stimuli,
etc. The question is do all these strategies stand for the same
thing and can they be, in a similar way, related to altered
pain perception? Another problem related to the use of these
distraction strategies is the lack of experimenter’s control
over participant’s involvement (mental engagement) in the
distraction task.

Attempt to control participant’s involvement in the dis-
traction task could provide additional information about the
role of attention in pain perception modulation. It would be
best if the additional (distraction) task was a well-known
task in terms of its attentional demands, i.e. a task which en-
ables direct control over participant’s cognitive engagement.
Just a few studies enabled the possibility of monitoring the
efficacy of distraction (Villemure & Bushnell, 2002; Petro-
vic, Peterson, Ghatan, Stone-Elander & Ingvar,, 2000).

In our study, we attempted to take into consideration
the above mentioned methodological issues. As a distrac-
tion task a classic Stroop task was used. This is an attention
demanding task due to the interference caused by conflict
between the meaning of the word and the color of the ink in
which the word is printed (for example word green is print-
ed in red ink), i.e. a participant has to make an attentional
effort to be successful in this task (MacLeod, 1991, 1992).
The advantage of this task is that the participants, while do-
ing it, can be controlled in terms of their attentional focus.
Namely, while doing Stroop task, participant’s achievement
can be monitored through measuring the time required and
counting of errors they make. Bantick, Wise, Ploghaus,
Clare, Smith & Tracey, (2002) used a modified Stroop task
(the counting Stroop) as a distraction task while partici-
pants received painful thermal stimuli. While participants
were doing the task, pain intensity ratings were significantly
lower, compared to the situation when participants took a
part in less demanding cognitive task. Instead of the verbal
self-reports dependent variables in our research were less
subjective — we used behavioral measures of pain threshold
and pain tolerance. Finally, we tried to minimize partici-
pants’ expectations related to the purpose of this experiment
(analgesic effect of distraction) by placing the emphasis on
their results on the Stroop task.

METHODS

Participants

Two separate experiments with the same experimental
design were conducted. A group of 37 participants took part
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in Experiment I, where the pain threshold was a dependent
variable. A group of 42 participants took part in Experiment
II, where the pain tolerance was dependent variable. Time
interval between the two experiments was six months and
participants taking part in Experiment I could not participate
in Experiment II. A number of studies found gender differ-
ences in perceiving certain stimuli as painful and non-pain-
ful (Fillingim, Edwards, & Powell, 1999; Giles & Walker,
2000; Keogh, Hatton, & Ellery, 2000; Riley, Robinson,
Wise, Myers, & Fillingim, 1998; Wise, Price, Myers, Heft,
& Robinson, 2002). Therefore all participants were female
psychology students aged 18-25. All of them participated on
a voluntary basis, receiving class-credits for their participa-
tion, and were informed that they can withdraw from the
experiment at any time if they wanted to. All the partici-
pants experienced electrocutaneous stimulation before the
experimental procedure, and were fully informed about this
stimulation not being harmful in any way. Six participants
(three from each experiment) withdrew from the experiment
after the initial stage. This study was approved by the Ethi-
cal Committee of the Department of Psychology, University
of Zagreb.

Apparatus and Stimuli

Electrocutaneous stimulation was used. A constant cur-
rent stimulator (local design) delivered square-wave pulses.
The range of intensities was from 0 - 12,5 mA. Pulse shape,
duration and current were calibrated and controlled by
Hameg oscilloscope type HM 205-3. Stimuli were applied
on the middle and ring-finger of the participant’s left hand
by the electrodes with the surface area of 1 cm?.

The Stroop task (used for the purposes of focusing atten-
tion away from painful stimulation) consisted of list of 208
word printed on A4-sized paper. Five color names were used
(blue, red, green, yellow and black) and they were printed in
non-correspondent ink (for example the word blue printed
in green ink). Participants’ task was to quickly and accurate-
ly name the color of the ink in which the word was printed
while ignoring the meaning of the word itself (color naming
instead of word naming).

Design and procedure

Experimental design was basically the same in both ex-
periments, except for the dependent variable being the pain
threshold in Experiment I, and pain tolerance in Experiment
II. Each participant took part in the experiment twice, with
a time interval of one week. In one part of the procedure,
they performed the Stroop task while experiencing painful
stimulation (distraction situation — D), and in the other part
they performed the Stroop task first, and only after its com-
pletition, were exposed to painful stimulation (non-distrac-
tion situation — ND - see table 1).
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Table 1
Experimental design: total number of participants in both experiments is
divided in two subgroups that differ in situation sequence.

Experiment Eirst . S'ecor{d
situation  situation
Experiment I Subgroup D-ND 19 D ND
Pain threshold Subgroup ND-D 18 ND D
Experiment II Subgroup D-ND 23 D ND
Pain tolerance Subgroup ND-D 19 ND D

Note. D (distraction) situation — parallel painful stimulation and Stroop
task; ND (non-distraction) situation — painful stimulation after com-
pleting the Stroop task

The sequence of these two situations varied accross the
participants —half of them first experienced situation D, fol-
lowed by situation ND, and for the other half of participants
it was the other way round. Each participant took part in both
situations in order to control for possible interindividual dif-
ferences. Since everyone participated in both situations, this
experimental design enabled the comparison of the results
on both the dependent and independent basis.

Electrocutaneous stimulation was induced and controlled
by the computer. The stimuli increased continuously from
0 mA onwards, in steps of 0.04 mA/s. In the beginning the
stimulation was innocuous and, depending on the interindi-
vidual differences, it slowly became noxious, i.e. painful (for
approximately 40 seconds this stimulation did not lead to
the experience of pain). In both situations participants were
instructed to terminate electrocutaneous stimulation when
they first experienced pain (Experiment I — pain threshold)
or when they came to the point when they could not tolerate
the stimulation any longer (Experiment II- pain tolerance),
respectively. To terminate the stimulation, it was enough to
press the space-bar on the keyboard placed within the partic-
ipant’s reach. Participants were specifically instructed not to
terminate the stimulation before they first experienced pain
(Experiment I) or before the point when they could no longer
tolerate it (Experiment II). The difference between stimuli
intensities when participants first experienced pain or could
no longer tolerate it in situations D and ND was the indicator
of the effect of distraction task on pain perception (for pain
threshold and pain tolerance, respectively).

To minimize participants’ expectations regarding the
purpose of this experiment, ND situation also included the
Stroop task (in fact irrelevant in that situation), and the in-
struction given to the participants stressed the relevance of
fast and accurate performance on the Stroop task in both
situations. To emphasize the importance of Stroop task, par-
ticipants in situation D were instructed to continue after they
terminated painful stimulation. An additional reason for us-
ing the Stroop task in situation ND is the possibility that
this task can induce stress, which can, by itself, lead to an
independent analgesic effect (Logan, Lutgendorf, Rainville,
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Sheffild, Iverson & Lubaroff, 2001). While the participants
performed the Stroop task, experimenter measured the time
needed to complete the list and counted errors they made
while naming the colors. Every time a participant made an
error, the experimenter warned her about it and she had to
name the color correctly.

RESULTS

ANOVA with two factors, distraction and situation se-
quence (2 x 2), was conducted separately for Experiment I
and Experiment II. Average stimuli intensities at which the
participants terminated the stimulation in two experiments
did not differ between situations D and ND (Experiment
I (pain threshold) F(1, 35) = 2.80; p > .05, Experiment II
(pain tolerance) F(1, 40) = 1.26; p > .05; see Figure 1). As
Figure 1. shows, the difference between situations D and
ND is observed to be in the expected direction, but it is too
small to be statistically significant. These results imply that
there was no effect of the Stroop task (distraction) neither
on pain threshold nor on pain tolerance. These results do not
relate to situation sequence. There is a difference between
the two experiments. Average intensity for Experiment II
(pain tolerance), as expected, is significantly greater than
average intensity for Experiment I (pain threshold) (F(1, 75)
=38.8; p <.001). In Experiment I the effect of the subgroup
is significant (F(1, 35) = 5.19; p = .029). That result is un-
expected and points to a possible prior difference between
the two subgroups. Total number of participants in that ex-
periment was randomly assigned to the different situation
sequence. On the average, subgroup first participating in

situation D seems to be more sensitive to painful stimula-
tion. Since there was no interaction between the subgroup
and the situation sequence (Experiment I (1, 35)=0.02; p
>.05; Experiment II F(1, 40) = 0.54; p > .05) obtained result
does not interfere with the conclusion that there is no effect
of distraction on pain threshold/tolerance. At the same time,
obtained difference between the two subgroups in Experi-
ment I points to the relevance of dependent research design
for the purpose of controlling possible interindividual dif-
ferences between the participants.

In this study, the Stroop task was chosen as a distraction
task because it enables the control of participant’s involve-
ment in the task. Due to this possibility, the time needed for
completing the whole list and the number of errors made
while performing the task can shed additional light on the
obtained pattern of results. Generally speaking, in both ex-
periments the main effect of sequence was significant (Exp.
I - F(1, 35)=38.7, p < .001; Exp. Il — F(1, 40) = 16.3; p
<.001), i.e. the participants needed less time for complet-
ing the Stroop task when they did it for the second time, no
matter if the painful stimulation was present while doing it,
or not. At the same time, there was a statistically significant
interaction found between the sequence and situations D/
ND (Exp. I - F(1, 35) = 116.1, p < .001; Exp. Il — F(1, 40)
=48.6; p <. 001) (see Figure 2).

In both experiments the relation between the time and
D/ND situations considering the sequence effect is basically
the same. Put simply, the interaction effect can be described
by a different effect of the sequence, i.e. practice. That dif-
ference is greater for the subgroup that was involved in situ-
ation D first, and then in situation ND. Subgroup that first

Pain threshold

2,25
2,08

1 T ]
el. Stimulation + Stroop el. Stimulation only

Pain tolerance

3,47

el. Stimulation + Stroop el. Stimulation only

Figure 1. Average stimuli intensities of pain threshold (Experiment I) and pain tolerance (Experiment II) for two experimental situations

(D and ND)
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Figure 2. Average time needed for completing the Stroop task for D and ND situations in both experiments
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Figure 3. Average number of errors participants made while doing the Stroop task for D and ND situations in both experiments

had ND, and then situation D also needed less time to com-
plete the Stroop task when they were doing it for the second
time. This means that, in both of the experiments, perform-
ance on the Stroop task was affected by the parallel pain-
ful stimulation. The effect was greater for subgroup D/ND
because in subgroup ND/D it was partially annulated by the
practice, i.e. previous experience with the Stroop task.

Considering the time needed for completing the Stroop
task, it is important to point out that there was no time differ-
ence found between the two experiments (F(1, 75) = 0.50; p
>.05). Regardless of the fact that painful stimulation in Ex-
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periment II lasted longer on average (for approximately 30
seconds), it obviously had no effect on the generally slower
performance on the Stroop task. It probably implies that in
both of the experiments participants were affected by the
Stroop task in the same way, taking it as relevant. In other
words, it seems reasonable to assume that the participants
perceived the Stroop task as the primary task and, as in-
structed, tried to perform as well as they could (quickly and
accurately).

If additional support on perceiving the Stroop task as
a primary task can be provided for both experiments then
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the number of errors that participants made while doing the
task would be taken into account. The total number of er-
rors is very low (on average - 2 errors in 208 words) which
implies that the participants followed instructions when it
came to accuracy. There was also no difference found be-
tween the two experiments on this variable (F(1, 75) = 0.03;
p > .05), indicating that different duration of electrocutane-
ous stimulation did not affect accuracy. Only in Experiment
I the main effect of distraction was found to be significant
- on the average participants performing the Stroop task
while experiencing stimulation made more errors (F(1, 35)
=7.24; p =. 011). However, in both experiments the inter-
action between the situation sequence and distraction con-
dition was significant (Exp. I — F(1, 35) = 10.5, p < .001;
Exp. I - F(1,40)=22.3; p <.001). As Figure 3 shows, that
relation is the same as for the time needed to complete the
Stroop task. Consequently, parallel noxious stimulation had
a negative influence on accuracy and that effect was smaller
when the Stroop task was performed for the second time, i.e.
the effect of practice had occured. Admittedly, considering
a very small number of errors in general, these results are
only tentative. Relatively small number of errors supports
the presumption that the participants perceived the Stroop
task as relevant and that they focused on performance in
that task, which was the primary intention of instructional
manipulation.

DISCUSSION

Obtained results indicate that there is no influence of at-
tentional focus on either pain threshold or pain tolerance,
i.e. attentional focus did not play a significant role in modu-
lating pain perception. These results are not consistent with
most of the previous studies that usually demonstrate the an-
algesic effect of distraction strategies on pain perception. As
Eccleston points out (1995), studies addressing this problem
differ in certain methodological aspects and, therefore, their
conclusions can also differ. Usually, one of the key differ-
ences is the effectiveness of distraction strategy used to
focus participant’s attention away from pain. In this study,
there are relatively reliable indicators demonstrating the ef-
fectiveness of distraction strategy in occupying participant’s
attention. It is not very likely that pleasant imagery reduces
perceived intensity of pain (e.g. Horan & Dellinger, 1974)
and that engagement in demanding cognitive task does not.

There are two possible hypotheses for explaining the re-
sults obtained in this research. First, participants were spe-
cifically instructed about the relevance of the Stroop task as
a primary task. The measures of efficacy on that task (time
and number of errors) partially confirm that they perceived
it as relevant and primary; thus, there is a possibility that
painful stimulation interfered with performance. Previous
discussions and studies of the relation between attention
and pain perception implied that focusing attention away
from painful stimulation could decrease the perceived pain.
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But the question to be posed first is how and why pain de-
mands attention. Eccleston and Crombez (1999) consider
that, when it comes to relation between attention and pain
perception, research should focus on that question. The im-
portant characteristic of pain is that it demands attention
and interrupts all other mental activities once it occurs. The
purpose of that mechanism is the protection of the organ-
ism, i.e. inducing activity that will lead to pain reduction.
Thus, the presence of pain leads to underperformance on
parallel activities. It is well known that in situations when
chronic pain is present, the concentration and capability of
learning and recalling decreased (Dufton, 1989; Schnurr &
MacDonald, 1995). Consequently, results obtained in this
study could imply that the participants actually terminated
the painful stimulation when it started to occupy their atten-
tion and to interfere with performance on the Stroop task
(which they perceived as relevant and did it very “consci-
entiously”). This explanation is in accordance with certain
evolutionary postulates of pain. Namely, painful sensation
(i-e. nociception) is essential for the survival of organisms in
a potentially hostile environment. “Nociceptive pain, once
it is present, once the alarm has gone off, so dominates the
attention that it is more like a motivational drive than a sen-
sation...” (Scholz & Clifford, 2002, p. 1062).

Another plausible explanation of the obtained results in
this study, which are not consistent with previous studies, is
based on research conducted by Devine and Spanos (1990).
They mention that one of the main reasons for inconsistency
of findings related to analgesic effect of cognitive factors
are participants’ expectations. Their study showed that par-
ticipants’ expectations about the level of pain, after engag-
ing in different cognitive strategies (imagery, distraction
etc), were related to participants’ ratings of pain intensity.
Expectations of analgesic effect of cognitive strategies on
pain perception were related to their lower ratings of pain
intensity after treatment. In one recent study (Wager et al.,
2004), the effect of placebo on pain perception was inves-
tigated, and obtained results imply that the expectation of
pain is related to a decrease of pain perception due to pla-
cebo. Expectance of pain leads to the activation of specific
brain areas involved in pain anticipation (prefrontal cortex).
They found that placebo analgesia was related to decreased
brain activity in the pain processing areas (pain matrix) and
was associated with increased activity during the anticipa-
tion of pain in the prefrontal cortex, thus providing evidence
that placebo can modulate pain perception. It is important
to mention one methodological issue related to research in
this area. Namely, when participants are instructed, while
experiencing the pain, to think of something pleasant or to
reinterpret the noxious stimulation, there is a reason to as-
sume that participants are very likely to expect that such a
distraction should reduce their experience of pain, or that
they can reveal the real purpose of the research and react in
the expected direction. Since participants in our study were
instructed that the Stroop task was primary, and our results
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indicate they have followed that instruction, it allows us to
conclude that instruction succeeded in minimizing partici-
pants’ expectations on how distraction could lead to decrease
in perceived pain intensity. Consequently, the results did not
show the effect of that distraction on pain perception.

Results obtained in this study, as well as the possible
explanations, imply that the relation between attention and
pain perception is a complex phenomenon and that interac-
tion approach is very important when investigating the role
of cognitive factors in pain modulation. It is very likely that
no single psychological factor per se contributes to the pos-
sible analgesic effect on pain perception. Only certain “pos-
itive combinations” of these factors could have that effect.
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