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ABSTRACT

 

Objective.

 

We review how handheld computer diaries may be used to measure attention to pain in
daily life, and how this method helps in clarifying the relationship between attentional focusing and
chronic pain.

 

Results.

 

Signal-contingent sampling of attention to pain and pain intensity with computer diaries
has demonstrated that at times when patients report increased attention to pain, they also report
higher pain intensity. Time-lagged analyses assessing the temporal precedence of changes in pain
and attention using computer diaries demonstrated that this association is bidirectional. One diary
study manipulated attention toward or away from pain, but this manipulation proved not successful
in changing pain intensity.

 

Conclusion.

 

Signal-contingent sampling of pain and attention within patients has furthered our
understanding of how these two constructs are related. Handheld computer diaries offer a flexible
tool and have several advantages over traditional self-report questionnaires and paper diaries.
Complex sampling schemes, in which the timing of signals, or the content of the questions may
depend on previous events or responses, are possible. Future research may focus upon the applica-
tion of handheld computers to measure pain and attention in therapy outcome studies, and upon
the combination of event contingent sampling with time contingent sampling.
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Introduction

 

n this article, we review how handheld computer
diaries may be used to measure attention to pain,

and how they may help to clarify the relationship
between attentional focusing and pain experience.
We start with a brief outline of the theoretical
models of the dynamic interaction between atten-
tion and pain, and how attention may play a role
in the etiology and maintenance of chronic pain.
Next, we review studies that have investigated the
relationship between attention and pain, and espe-
cially focus upon studies using handheld computer
diaries. We argue that programmable handheld
computer diaries are particularly suited to provide

I

 

insight in the dynamic interrelationship between
attention and pain because they allow for intensive
and flexible signal-contingent assessment of the
relevant constructs in daily life. Finally, we present
future research directions.

 

The Dynamic Interaction Between Focus of 
Attention and Pain

 

There is a dynamic and complex interaction
between pain and the shift of attention from an
external focus toward an internal focus. Pain
often signals danger and therefore automatically
demands attention and interrupts ongoing behav-
ior to enable escape from somatic threat [1]. In
turn, directing attention toward pain may increase
its saliency and intensity, leading to further inter-
ference with activities.

Theoretical models on the etiology and main-
tenance of chronic pain disorders have emphasized
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the role of attention in pain processing. For
instance, according to the fear avoidance model of
chronic pain, increased attention toward pain (i.e.,
hypervigilance) evolving from pain-related fear is
an important mechanism in maintaining and
increasing pain [2]. In patients who are fearful of
the consequences of pain and who catastrophize
about pain, pain signals have a high threat value
and an increased access to focal awareness [1].
More specifically, fear of pain and pain catastro-
phizing instigate a fast shifting of attention toward
signals of (impending) pain, difficulties in disen-
gaging attention from pain once it is detected and
consequently difficulties of re-engaging attention
with other demands in the environment [3,4].

The idea that attention to pain depends upon
its threat value, and increases the salience of pain
signals is largely supported by empiric data. Pain-
related fear and pain catastrophizing were found
to be related to increased self-reported attention
toward pain, and in turn self-reported attention
toward pain was associated with elevated levels of
pain intensity in chronic pain patients [5,6]. In
addition, laboratory studies in both healthy volun-
teers and chronic pain patients have confirmed
that a heightened threat value of pain increases
attentional demands and awareness of pain [5,7–
10]. Laboratory studies have the advantage that
they allow rigorous experimental control and can
give evidence for causality, but a potential disad-
vantage of such studies is their limited generaliz-
ability toward the real life situations of persons
with chronic pain.

Other studies have examined the efficacy of
intentional attention management strategies to
reduce the pain experience. In cross-sectional
studies with pain patients, the self-reported use of
distraction as a coping strategy has often been
found to be associated with less intense pain
[11,12], although some studies found that divert-
ing attention away from pain was related to more
severe pain [13,14]. Laboratory studies examining
the effects of manipulation of attention (distrac-
tion, sensory focusing) on pain perception in
healthy volunteers have also yielded inconsistent
results. Some studies found distraction from pain
to lead to diminished pain perception [15–18],
whereas other studies found that focusing atten-
tion on the sensory components of pain to be the
more effective strategy in reducing pain experi-
ence [19,20]. No effect of either distraction or
sensory focusing on pain perception has also been
reported [21]. It has been proposed that the effects
of a particular attentional strategy may be moder-

ated by the duration of pain, the intensity of pain
or individual characteristics like pain anxiety or
pain catastrophizing [17,22–25]. Moreover, these
experimental studies involved induction of acute
pain in the laboratory and the findings may not
generalize to clinical pain.There have been a few
studies that assessed the effects of manipulation of
attention in patients with chronic pain. Although
patients with chronic pain were found to have
higher pain tolerance and better task performance
when distracted [26,27], distraction may have the
paradoxical effect of increased pain afterwards
[28]. In sum, the association between intentional
attention management strategies and pain experi-
ence remains elusive.

 

Within-Person Assessment of Attention to Pain in 
Daily Life

 

Attention to pain is a dynamic process that
depends both upon the characteristics of the pain
experience (e.g., its threat value) as well as upon
the characteristics of other tasks that an individual
pursues. Attention to pain is therefore the result
of the balance between environmental task
demands, task engagement, and the perceived
threat of pain. Although some individuals may be
more inclined than others to attend to pain signals
in general, for instance because of high levels of
negative affectivity [29], attention to pain is a fluc-
tuating process that is hard to capture using ret-
rospective self-report at a single moment in time.
Likewise, chronic pain is not a steady state: the
intensity of chronic pain fluctuates during the day
and across days. Therefore, the study of the
dynamic relationship between attention to pain
and pain experience requires repeated assessment
of both constructs within one single individual.

Most research so far has focused on the associ-
ation between attention and pain at one single
moment in time. Typically, participants fill out
questionnaires  based  upon  their  memory  of
their experiences during a past period (e.g., last
2 weeks). These studies have yielded valuable
information regarding the question whether fear-
ful patients are generally more focused on their
pain and whether such a focus results in overall
higher levels of pain [5,30–33]. However, ques-
tionnaire have some disadvantages. First, they are
not able to capture the dynamic interrelationship
between pain and attention over time within the
same individual. They only allow for analyses
between individuals. One should be mindful that
between-person associations do not necessarily
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apply within persons. An excellent illustration of
this poinst is the often-found associations between
sadness, anxiety, and hostility across individuals
[34]. However, repeated assessment of these emo-
tions within persons has revealed that these emo-
tional states do no co-occur at the same moment:
increases in sadness are not accompanied by
increased, but in contrast by reduced feelings of
anxiety and anger [35,36]. In a similar vein,
between-person associations between attention to
pain and pain intensity do not necessarily gener-
alize to associations within one individual at dif-
ferent moments in time. Diary studies allow the
simultaneous investigation of both these within-
person as well as between-person associations.
Second, it has been shown that in retrospective
assessments patients are inclined to base their esti-
mates on the most salient or most recent experi-
ences during a particular period [37]. Repeated
assessment of pain intensity and attention to pain
with a diary may then provide a more accurate
picture of average pain and attention levels during
a certain period of time. The fact that retrospec-
tive assessments are not the same as diary measures
is shown by the moderate to weak associations
between retrospective and daily reports of state
variables [37–39].

In sum, the major assets of repeated assessment
of pain and attention using diaries are that 1) it
enables the documentation of the associations
between attention and pain in the daily life of
patients; 2) it allows assessment of simultaneous
inter- and intra-individual associations of atten-
tion and pain; and 3) it avoids retrospective recall
biases.

 

Computerized Diary Assessment

 

Repeated data collection within a single person
does not necessarily rely on computerized diary
assessment but can also be obtained with paper
diaries. There are several studies in chronic pain
patients that have used paper diaries to collect
ratings of the variables of interest (e.g., pain,
mood, coping) one or a few times per day for
several consecutive days (e.g., [40–44]). Usually,
with such a procedure, the participant him/herself
determines the exact timing of data entry, and
more global rating of a state or process, aggre-
gated over a certain time period, are obtained.
This procedure may well suffice for some research
questions, but for studying the dynamic interac-
tion between attention and pain, we propose that
momentary sampling, with intensive data collec-

tion at random time points, is preferable. Momen-
tary sampling techniques like the Experience
Sampling Method [45] and Ecological Momentary
Assessment [46] are suitable to capture the
dynamic interrelationship between two states that
fluctuate in time. These methods rely on signal-
contingent recording, i.e., participants are
required to report on their momentary state in a
diary whenever signaled. Signal-contingent diary
assessment of attention to pain and pain intensity
has the advantage that the experimenter deter-
mines when the self-report is due instead of the
patient. This provides a more complete picture of
the actual fluctuations of pain and attention in
various circumstances and during different activi-
ties of daily living. Moreover, because patients are
unaware of the signaling scheme, the assessment
may be less biased by anticipation and less sub-
jected to reflective responding.

The availability of programmable handheld (or
palmtop) computers has greatly facilitated the
employment of signal-contingent data collection
in daily life. Other techniques have been used
(e.g., programmable wrist watches in combination
with a paper diary [47]) but computerized diaries
offer several advantages. A clear advantage of
handheld computer diaries is the immediate stor-
age of data rendering manual data transfer from
paper to computer superfluous, the almost unlim-
ited memory capacity for data storage and the
inability of participants to review previous entries.
In addition, by date and time stamping of entries,
compliance to the time scheme of sampling can be
checked and fabricated data are avoided. Time
stamping also gives accurate information about the
interval between two subsequent entries, which
may be important for tracking the time course of
mutually influencing processes. Finally, program-
mable computer diaries enable unprecedented
flexibility in tailoring questions to responses pre-
vious given or to the occurrence of specific event
and they can even be used to induce certain states
or prompt patients to act in a certain way. How
these specific assets of handheld computer diaries
may help in unravelling the complex interaction
between attention and pain will be discussed
below.

 

Studies on Pain and Attention Using Handheld 
Computers Diaries

 

At least four studies have been performed in which
computer diaries were used to obtain repeated
assessment of pain intensity and attention to pain
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in daily life of patients with chronic pain. Affleck
et al. [48] sampled pain intensity and attention to
pain three times a day for 30 consecutive days in
female fibromyalgia patients using a handheld
computer. They found that the between-person
association between (aggregated) attention to pain
scores and (aggregated) pain intensity was paral-
leled by a significant within-person association of
pain and attention on the same day. This means
that on days that patients paid more attention to
their pain, they reported higher pain intensity.
This finding was replicated in recent studies using
handheld computer diaries to capture pain and
attention, which in addition provided evidence
for the hypothesized within-person association
between pain-related fear and pain catastrophizing
and attention to pain [49–51]. However, when
attention to pain was tested as a mediator of the
relation between pain-related fear and increased
pain intensity, no evidence for mediation within-
patients was found [51].

Another question that has been addressed by
means of computerized diary assessment is
whether the within-person association between
attention to pain and pain intensity is moderated
by individual differences in pain-related fear or
catastrophizing. It may be proposed that the rela-
tionship between attention to pain and pain inten-
sity only holds for low fearful, low catastrophizing
patients, because patients with a high level of pain-
related fear and catastrophizing may habitually
attend to their pain and show minimal fluctuations
in attention to pain [51]. Roelofs et al. tested this
suggestion by measuring attention to pain and
pain intensity eight times a day by means of a
handheld computer diary in patients with chronic
back pain. No evidence was found that differences
in patients’ levels of pain-related fear moderated
the within-person association between attention
to pain and pain intensity. However, in a recent
study of Buck and Morley, evidence for the mod-
erating effect of catastrophizing on the intraindi-
vidual relationship between focusing on pain and
pain intensity was found [43]. It should be noted
that this study used paper diaries to collect data
three times a day (morning, afternoon, evening)
and that patients were free to choose the exact
time of diary completion. Several different aspects
of attention to pain (“I concentrated on what the
pain feels like,” “I concentrated on the pain to see
if it was my normal or usual pain,” “I concentrated
on the pain and thought what would happen to the
pain”) were assessed. There appeared to be con-
siderable variation in the within-person associa-

tion of pain focusing and pain intensity between
different individuals, and the overall effect was not
significant. However, further analyses indicated
that there was a significant correlation between
catastrophizing and the within-person effect. Low
catastrophizing patients showed a positive associ-
ation between focusing on what pain feels like and
focusing on what will happen to pain and pain
intensity, whereas this relationship diminished
with increasing levels of catastrophizing.

To conclude, studies using handheld computer
diaries have provided evidence that the previously
established between-subject association between
heightened attention to pain and higher pain
intensity is paralleled at the within-person level.
There is evidence from a study using paper diaries
that this relationship may be more prominent in
individuals with less catastrophizing tendencies,
and it was suggested that high catastrophizing
patients may attend to their pain irrespective of
pain intensity. However, this suggestion needs
further confirmation. The paper diary study by
Buck and Morley asked for averaged rating of pain
intensity and the use of coping strategies over the
entire period since the last data entry. Handheld
computer diaries using signal-contingent momen-
tary assessment  of  the  relevant  variables  are
more capable of capturing sudden, short-lasting
changes in pain intensity and the attentional
focussing ratings may be less subjected to reflec-
tive responding.

 

Diary Assessment of the Employment of Attentional 
Pain Coping Strategies in Daily Life

 

In the previous section, we presented studies that
have measured momentary fluctuations in atten-
tion to pain with handheld computer diaries.
Another line of research has studied the use of the
coping strategies diverting attention and/or ignor-
ing pain using a momentary sampling procedure
and relating the actual use of these strategies to
fluctuations in pain intensity. Previous studies
have demonstrated the importance of measuring
coping on a momentary basis, mainly because
there is a large discrepancy between retrospective
assessment of coping and the momentary assess-
ment of its actual use [39,52]. Studies on the asso-
ciation between use of the pain coping strategies
“distraction from pain” and “ignoring pain” with
the Coping Strategy Questionnaire [53] and diary
assessment of actual employment of the strategy
during a certain time period showed only moder-
ate associations between the two measures [38,47].
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There have been no studies using handheld
computer diaries to assess the association between
momentary attentional coping efforts and pain
intensity. However, there are several paper diary
studies measuring pain coping and pain intensity
on a daily or within daily basis that are relevant for
the present discussion as they may indicate inter-
esting research directions for future computerized
diary studies. The results of these studies can be
readily summarized. First, distraction is among the
most frequently used coping strategies on a daily
basis [41], and women use this strategy more often
than men [44]. Second, despite its frequent use,
there is little evidence that it has an effect upon
the pain experience. When aggregated over indi-
viduals, one study with rheumatoid arthritis
patients found that the use of distraction was asso-
ciated with higher pain intensity [41], whereas
another study with cancer patients found distrac-
tion and ignoring pain to be unrelated to pain
intensity [43]. Two daily diary studies have
assessed within-person associations between the
use of distraction and pain intensity in rheumatoid
arthritis patients [41] and back pain patients [42].
Neither study found same day associations
between distraction and pain, nor did the use of
distraction on one day predict pain intensity on
the next day [41].

It should be borne in mind that the interaction
between pain intensity and pain coping may be
very complex. High pain intensity may elicit more
frequent or more intensive use of particular coping
strategies, which then—when effective—may
reduce pain. Thus, there may be both a negative
and a positive connection between pain and cop-
ing. More sophisticated designs using frequent
temporal assessment of the constructs of interest,
or data sampling that is contingent on naturally
occurring changes in either attentional coping or
pain intensity may be more suitable to elucidate if
and how distraction and pain are associated at the
within-person level and what the time course of
this relation is. Computerized diary assessment
may enable such complex designs (see also below).

 

Temporal Precedence of Changes in Pain and 
Attention: Establishing Time-Lagged Associations

 

The within-person associations between attention
to pain and pain intensity that have been described
previously do not imply that these processes are
necessarily causally linked, nor do they indicate
the direction of causality. It is reasonable to
assume that there will be a bidirectional connec-

tion between these two processes: high intensity
pain will more easily capture attention than low
intensity pain [54], and focusing attention on pain
influences the pain experience [55]. Momentary
sampling procedures may shed more light on this
proposed bi–directional association. In their daily
diary study of pain, attentional focusing and pain
coping, Buck and Morley demonstrated that espe-
cially novel pain or pain in a novel location was
associated with increased attention toward pain.
This may imply that when pain is different from
usual (e.g., more intense), it more readily grasps
attention [1]. Another way in which momentary
sampling procedures can be used to examine the
bidirectional relationship between attention to
pain and pain intensity is by looking at the tem-
poral precedence of changes in pain and attention.
Again, because of the possibility of signal-contin-
gent intensive sampling and time stamping of the
data, handheld computer diaries are particularly
suited to investigate this issue. Some data perti-
nent to this issue will be presented here.

Affleck et al. [48] tested the bidirectional rela-
tionship between pain and attention to pain in
patients with fibromyalgia who carried a handheld
computer diary for 30 days and showed that the
previous day’s attention to pain predicted next
day’s pain. Previous day’s pain, however, did not
predict next day’s attention to pain. In a comput-
erized diary study with chronic low back pain
patients, Roelofs et al. [51] tested the time-lagged
associations between attention to pain and pain
intensity within days, from one recording time to
the next. In accordance with the finding of Affleck
et al. the degree of attention to pain on a certain
moment was significantly related to pain intensity
on the next moment. The reverse association
between pain intensity and next moment’s atten-
tion to pain was not examined.

In order to investigate the time-lagged associa-
tion between attention to pain and pain intensity
further, we have re-analyzed two existing data sets
[50,51] for the purpose of the present article. The
studies of Affleck et al. [48] and Roelofs et al. [51]
presented above have ignored the fact that a time-
lagged association between two variables may be a
reflection of trends in the data, or autocorrelation.
That is, if attention to pain and pain intensity are
associated at the same moment in time, there may
be an association between attention at that time
(T0) and pain at the next measurement time (T1)
because pain at T0 is itself strongly correlated with
pain at T1. Analyses should thus correct for prior
levels of the outcome variable (cf [56]). Using this
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analytic approach, Turner et al. [56] demonstrated
that catastrophizing predicted next moment’s pain
intensity even after correction for prior levels of
pain intensity, but the association was substantially
reduced compared with the uncorrected time-
lagged association. We adopted a similar strategy
in our re-analysis of the data sets.

The data were obtained from two studies using
handheld computer diary assessment in chronic
pain patients. In the Roelofs et al. [51] study, 40
low back pain patients were included, who carried
the computer diary for 3 weeks. Only the first
week of assessment is included in the present anal-
ysis as in weeks 2 and 3 an attention manipulation
took place. Viane et al. [50] included 62 patients
with musculoskeletal pain in their 2-week diary
study. Both studies used handheld computers
(Palm M100) with tailor-made software to present
the questions. Diary questions were presented on
screen for completion via a touch screen
(50 

 

×

 

 50 mm) and entries were time- and date-
stamped. Patients were prompted for diary entries
using an audible alarm. A random time sampling
procedure was used with eight signals a day deliv-
ered between 9 

 

am

 

 and 10 

 

pm

 

. For re-analyzing
the data, we used multilevel regression analyses
with prediction of time-lagged effects and with
adjustment for prior levels of the outcome vari-
able. For the present analyses, only within-person
associations are relevant and will be presented. In
both data sets, it appeared that about 50% of vari-
ance in the outcome variables (attention to pain,
pain intensity) occurred on a within-person level
(range: 43–60%). This means that there is as much
variation in pain intensity and in attention to pain
from moment to moment as there is between dif-
ferent patients. Both data sets assessed attention to
pain with two items, with the aim of capturing

both the active component of attention (focusing
on pain) and the passive component (inability to
ignore pain). The two studies used slightly differ-
ent wording to measures these attentional compo-
nents. Roelofs et al. used the items “Right now, I
am focusing on my pain” (active) and “Right now,
I find it easy to ignore my pain” (passive), whereas
Viane et al. used the items “Right now, I pay atten-
tion to my pain” (active) and “Right now, I can
ignore my pain” (passive). For this reason, the data
of these two sets were not aggregated but analyzed
separately.

We first tested the association of attention to
pain on T0 with pain intensity on T1. The
strength of the time-lagged association between
the two variables is expressed in terms of a stan-
dardized beta–coefficients. An association is
significant at the 

 

P

 

 

 

=

 

 0.05 level when the
standardized beta coefficient is 1.96 times larger
that the standard error. Table 1 displays all signif-
icant beta coefficients together with their standard
error. As can be seen in the left column of Table 1,
in both data sets attention to pain on T0 signifi-
cantly predicted T1 pain intensity. This means
that paying attention to pain is associated with
increased pain on the next moment. However, the
association was not strong in the data set of
Roelofs et al. When analyses were corrected for
the prior level of pain, the time-lagged prediction
of pain intensity by attention to pain was not sig-
nificant any more in the data set of Roelofs et al.
In the Viane et al. data set, the association
remained significant, but decreased considerably.
The table also shows that the previous pain level
was by far the strongest predictor of pain intensity
on the next moment.

Next, we tested the prediction of attention to
pain on T1 by pain intensity on T0. The results

 

Table 1

 

Standardized beta coefficients and standard errors for the within-patient associations of attention to pain and pain 
intensity

 

Pain T1 
(Uncorrected)
Beta (SE)

Pain T1 
(Corrected for Pain at T0)
Beta (SE)

Pain T0 
Beta (SE)

Viane et al. [50]
I pay attention to pain T0 0.24 (0.01) 0.07 (0.01) 0.49 (0.01)
I ignore pain T0

 

−

 

0.17 (0.01)

 

−

 

0.04 (0.01)

 

−

 

0.35 (0.01)
Pain T0 0.37 (0.01)

Roelofs et al. [51]
I am focusing on my pain T0 0.10 (0.03) ns 0.22 (0.02)
I find pain easy to ignore T0

 

−

 

0.10 (0.03) ns

 

−

 

0.33 (0.02)
Pain T0 0.33 (0.03)

 

The left column shows the uncorrected association between attention to pain at T0 and pain intensity at T1; the middle column the association between attention
to pain at T0 and pain intensity at T1 corrected for the previous level of pain intensity; the right column the same moment association between pain intensity and
attention to pain.
ns 

 

=

 

 not significant.
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are displayed in Table 2. Again only significant
beta coefficients are shown. The association
between pain intensity at T0 and attention to
pain at T1 was also significant. This association
remained significant in both datasets even after
correction for previous levels of attention to pain.
But again, the association did decrease consider-
ably and the degree of explained variance is only
marginal.

To conclude, there is some evidence from these
computer diary studies for a bidirectional relation-
ship between attention to pain and pain intensity:
paying attention to pain may lead to more intense
pain later on, and conversely more intense pain
may result in paying more attention to pain later
on. It should be noted however, that the time-
lagged associations are small, especially in light of
the concurrent associations between pain intensity
and attention to pain, which range between 0.22
and 0.49 in these data sets (see column 3 Table 1).
On the other hand, the fact that there is an addi-
tional increment in pain intensity after a time
point with a high level of attention to pain even
after correction for pain intensity at T0 should not
be disregarded. Not only is pain intensity at T0 a
strong predictor of next moment’s pain, it is also
strongly related to the same moment’s attention to
pain, and through that association part of the vari-
ance of attention is partialed out. Moreover,
because both studies used a random time sampling
procedure the time between signals varied, with an
average interval of 2 hours, but varying from
15 minutes to more than 3 hours. It may be
expected that the prediction form T0 to T1 is
strongest when interval times are relatively short.
Using a more homogeneous or more intensive
sampling scheme in future studies would possibly
lead to stronger associations.

What the optimal sampling scheme would look
like is yet unknown. In order to implement an
adequate sampling schema, one should know the

time course of the underlying process. Another
advantage of computerized diary assessment is that
it may give insight in the time course of fluctuating
processes because data-entry is time-stamped.
When longer and shorter interval times are ade-
quately represented, one possibility would be to
use the length of the interval between signals as a
predictor of the magnitude of the association.
Thus, one would expect stronger associations
between signals that are closer to each other in
time than between more distal signals. An alterna-
tive procedure for future studies would be to use
a sampling procedure in which the next signaling
time is contingent on a significant change in the
variable of interest. In this way, after a prominent
increase in the report of attention to pain on a
certain moment, the next signal can be timed after
a short interval. In the same way, after a significant
increase in pain intensity, the next signal can be
given shortly thereafter. The availability of pro-
grammable computer diaries allows for such a flex-
ible sampling scheme. By varying the time interval
between the event of interest and the subsequent
event-generated signal one could also obtain more
insight in the time course of the effects.

 

Manipulation of Attention to Pain Using Handheld 
Computer Diaries

 

The establishment of the presence of time-lagged
associations between attention to pain and ele-
vated pain intensity may be taken as an indication
of causal relationships, but they do not prove cau-
sality. For more definite conclusions about the
causal role of increased attention to pain for
heightened pain intensity, an experimental manip-
ulation of attentional focus is required. Relatedly,
to establish whether more pain leads to increased
pain focusing, pain intensity should be manipu-
lated. Programmable computer diaries may be
used to implement or boost such a manipulation.

 

Table 2

 

Standardized beta coefficients and standard errors for the within-patient associations of attention to pain and pain 
intensity

 

Attention to Pain T1 Ignoring Pain T1 Focusing on Pain T1 

(Uncorrected)
Beta (SE)

(Corrected for
Attention T0)
Beta (SE)

(Uncorrected)
Beta (SE)

(Corrected for
Ignoring T0)
Beta (SE)

(Uncorrected)
Beta (SE)

(Corrected for
Attention T0) 
Beta (SE)

Viane et al. [50]
Pain intensity T0 0.24 (0.01) 0.11 (0.01)

 

−

 

0.17 (0.02)

 

−

 

0.07 (0.01)
Attention/ignoring T0 0.28 (0.02) 0.25 (0.02)

Roelofs et al. [51]
Pain intensity T0

 

−

 

0.13 (0.03)

 

−

 

0.07 (0.03) 0.11 (0.02) 0.06 (0.02)
Focusing/ignoring T0 0.18 (0.03) 0.26 (0.02)
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Recently we have carried out a study in which
we tried to manipulate attention by means of a
handheld computer diary. We studied the effect on
daily reports of pain in 38 patients with chronic
low back pain [57]. After one week of sampling of
spontaneous fluctuations in attention to pain and
pain intensity eight times a day, two different
manipulations were introduced: a distraction
manipulation and an attentional focusing manipu-
lation. Each patient received both manipulations
twice during a 2-week time period. The time
between two manipulations was at least 2 days.
Both manipulations consisted of instructions gen-
erated by the computer diary three times a day and
accompanying homework assignments. In the case
of the distraction manipulation, the message on
the diary screen read: “pay close attention to the
positive things in your environment.” The home-
work assignment was to take pictures from posi-
tively valenced objects or events with a photo
camera that was supplied to patients and to write
about these objects or events or any other positive
aspects of the day. Patients also judged the esthetic
value of pictures in a booklet. In the case of the
attentional focusing manipulation, the instruction
on the diary read: “pay close attention to your pain
and other sensations today.” The homework
assignment consisted of giving a description of all
sensations that patients had felt during the last few
hours and in addition to circle all affective and
sensory words from the McGill Pain questionnaire
that best described their pain (for more informa-
tion on the manipulations, see the study of Roelofs
et al. [57]).

The results of this study indicated that even
though compliance to the procedure was good and
patients themselves judged the manipulation to be
effective, neither distraction nor attentional focus-
ing influenced pain intensity. Moreover, when the
scores on the attention questions in the diary were
analyzed, there proved to be no difference in self-
reported attention to pain (see Table 3 for an over-
view of results). For the purpose of the present
article, additional analyses were carried out to see
whether there possibly was a short-lasting effect

from distraction or focusing. We compared pain
intensity and attention to pain at the first signal
after initiation of the manipulation and compared
this to 1) average pain intensity and attention to
pain during the week without manipulations or to
2) pain intensity and attention to pain at the signal
just before initiation of the manipulation. These
analyses did not provide evidence for short-lasting
efficacy of the manipulation. What this study does
demonstrate is the difficulty of effectively altering
attention to pain, even when major efforts are
invested to make the manipulation as strong as
possible (repeated recall of instructions, use of
positive stimuli in the distraction manipulation,
homework assignments). This may point to fact
that attention to pain is largely unintentional and
that it cannot be easily modified by controlled
strategies. And important in the present context,
this study can be taken as an example of how com-
puter diaries can be used in a creative way that
goes beyond their use as data collection devices
only.

 

Measuring Attention to Pain in Intervention Trials: 
A Need for Computerized Diary Assessment?

 

Still another approach is to incorporate diary mea-
sures in intervention trials. Turner et al. propose
that diary assessment could be particularly infor-
mative in intervention trials for chronic pain
patients because they can monitor day-to-day
changes in outcome variables as well as in process
variables [58]. If attention to pain is an important
mediator of the relation between pain-related fear
and pain intensity, interventions that are effective
in reducing pain-related fear should lead to a
reduction of attention to pain that will precede a
decline in pain intensity. If on the other hand
attention to pain is reduced as a consequence of
pain improvement, the decline in attention to pain
would only set in after pain had decreased. So far,
no study has incorporated signal-contingent com-
puterized diary measures of both attention to pain
and pain intensity in its outcome assessments.
Nevertheless, some studies that have used a daily

 

Table 3

 

Means and SD for pain intensity, focusing on pain and ignoring pain during the first week of sampling with the 
electronic diary when no manipulation took place, during the 2 days of distraction and during the 2 days of pain focusing. 
Note that scores on all three items can range from 1 to 7

 

Pain Intensity Focusing on Pain Ignoring Pain

Week 1: no manipulation 4.45 (1.03) 2.16 (1.06) 3.89 (1.29)
Distraction manipulation 4.62 (1.23) 2.25 (1.56) 3.90 (1.36)
Focusing manipulation 4.70 (1.42) 2.29 (1.47) 3.73 (1.52)
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paper diary are pertinent to this issue and will be
presented here.

de Jong et al. [59] used daily (paper) diary mea-
sures of pain-related fear, pain intensity, and activ-
ity level in an repeated single case experiment on
the efficacy of an exposure 

 

in vivo

 

 treatment in
CRPS-I patients. Their data showed that the
intervention under study was effective in decreas-
ing pain-related fear and pain intensity and
increasing activity level. Importantly, the daily
measures clearly demonstrated that the decrease
in pain-related fear preceded the decline in pain
intensity. Attention to pain was not assessed in this
study. In two similar studies in chronic low back
pain, in which the same intervention (exposure 

 

in
vivo

 

) was evaluated and a comparable procedure
was used, measures of attention to pain were
included, but not on a daily basis [60,61]. These
studies also found important declines in pain-
related fear, pain intensity, and increases in daily
activities. Importantly, attention to pain had also
decreased after treatment, and the authors suggest
that their study provides preliminary evidence “. . .
for a process in which the reduction of the threat
value of previously fear-eliciting stimuli (i.e., phys-
ical activity) also produced an attentional redirec-
tion away from pain and bodily sensations.”
Moreover, they suggest that it is likely that the
decrease in pain intensity was mediated by this
attentional redirection [61]. However, unfortu-
nately, both studies have measured attention to
pain only once at pre- and posttreatment and not
on a daily basis. Vlaeyen et al. therefore conclude
that “Future time series analyses, perhaps with
more sensitive repeated measures and smaller time
intervals, looking at lagged correlations will be
needed to reveal the association of changes in fear
of movement/(re)injury and subsequent changes
in pain vigilance, pain and disability.” Although
paper diaries can be used for this purpose, com-
puter diaries with their advanced possibility of sig-
nal-controlled and intensive assessment of fear,
attention, and pain could be a valuable and prac-
tical tool to accomplish this goal.

 

Conclusion and Directions for Further Research

 

Handheld computer diaries enable signal-contin-
gent intensive sampling of attention to pain within
an individual patient over several days to weeks.
By this means, associations between attention to
pain and pain intensity may be established that
cannot be detected by cross-sectional measure-
ments. Computer diaries have several advantages

over traditional paper diaries: signal-contingent
sampling schemes are easily implemented, there is
control over the actual time of data entry and
programmable diaries enable adapting questions
or signals to previous responses and events.
Although a few attempts have been made to
unravel the complex relationship between atten-
tion to pain and pain intensity using computer
diaries, this line of research is still in its infancy
and results so far are inconclusive. Nevertheless,
we can cautiously conclude that at times when
patients pay more attention to their pain, they also
experience more pain. The link between pain and
attention may work both ways: pain intensity
influences next day’s or next moment’s attention,
and attention to pain influences next day’s or next
moment’s pain intensity.

So far, no indication for within-person associa-
tions between the use of the coping strategies dis-
traction of attention from pain and ignoring pain
and pain intensity could be established. In addi-
tion, the experimental manipulation of attention
by means of a programmable computer diary with
additional homework assignments proved ineffec-
tive in reducing daily attentional focusing. This
may suggest that attention to pain is largely an
unintentional, automatic process that is difficult to
control.

We propose that fruitful approaches for further
research on the issue of attention to pain using
handheld computer diaries can be found in 1)
studies that apply intensive signal-contingent
assessment of attention to pain in therapy outcome
studies; 2) studies that use the diary to induce or
to support a cognitive or behavioral intervention;
and 3) studies that combine event contingent sam-
pling with time contingent sampling. This latter
approach permits more intensive sampling of the
variables of interest in the most relevant time
frames.

Finally, a new research approach would be to
examine the clinical utility of momentary sampling
of attention to pain by handheld computer diaries.
Monitoring cognitions, attentional focusing, and
their association with pain and daily activities may
increase patient’s awareness of some of these rela-
tionships. Computerized data storage allows for
rapid and easy feedback of recurring patterns of
association. These may then be used in therapy as
a starting point for challenging and modifying
maladaptive cognitions and behaviors. Continuing
diary assessment during therapy can subsequently
indicate whether maladaptive cognitions and
behaviors have successfully been modified, and

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/8/suppl_3/S110/1850535 by U
niversiteit M

aastricht user on 06 January 2022



 

Assessment of Attention to Pain

 

S119

which cognitions and behaviors need further
addressing. We therefore propose that computer-
ized diary assessment of attention to pain—in
addition to other relevant pain cognitions—may
not only be a relevant research instrument, but
may also have the potential of becoming a valuable
clinical tool.
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