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a b s t r a c t

Background and aims: Interrupting ongoing activities with the intention to resume them again later
is a natural response to pain. However, such interruptions might have negative consequences for the
subsequent resumption and performance of the interrupted activity. Activity interruptions by pain may
be more impairing than interruptions by non-painful stimuli, and also be subjectively experienced as
such. These effects might be more pronounced in people high in pain catastrophizing. These hypotheses
were investigated in two experiments.
Methods: In Experiment 1, healthy volunteers (n = 24) performed an ongoing task requiring a sequence of
joystick movements. Occasionally, they received either a painful electrocutaneous or a non-painful vibro-
tactile stimulus, followed by suspension of the ongoing task and temporary engagement in a different
task (interruption task). After performing the interruption task for 30 s, participants resumed the ongoing
task. As the ongoing task of Experiment 1 was rather simple, Experiment 2 (n = 30) included a modified,
somewhat more complex version of the task, in order to examine the effects of activity interruptions by
pain.
Results: Participants made more errors and were slower to initiate movements (Experiment 1 & 2) and to
complete movements (Experiment 2) when they resumed the ongoing task after an interruption, indicat-
ing that interruptions impaired subsequent performance. However, these impairments were not larger
when the interruption was prompted by painful than by non-painful stimulation. Pain catastrophizing
did not influence the results.
Conclusions: Results indicate that activity interruptions by pain have negative consequences for the

performance of an activity upon its resumption, but not more so than interruptions by non-painful stimuli.

Potential explanations and avenues for future research are discussed.

Implications: Interrupting on
a novel paradigm we showed
and performance. However, th
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. Introduction

Pain is a signal of bodily threat that motivates action and urges
s to interrupt ongoing activities in order to control the pain [1,2].

ndeed, when feeling pain we often take a break from what we
re doing, whilst planning to resume our activity later [3]. Despite
he fact that such activity interruptions by pain are common, their
ffects on subsequent activity resumption remain unclear.

Although there is substantial research showing that task per-
ormance is impaired during pain [4–8], the research on whether
ask performance is impaired when pain forces the suspension of
he activity for longer time is sparse [3]. People with pain com-
laints report continuing work outside working hours when their
ork-related goals were interrupted because of pain [9], indicat-

ng that various compensatory strategies may be used to counter
he effects of interruptions by pain. Further, evidence suggests that
ealthy people scoring high in pain catastrophizing spend less time
n a task when they are required to take breaks because of pain,
ompared to when they continue uninterrupted [10]. Systematic
esearch regarding how activity interruptions by pain influence
erformance after the interruption, however, is missing.

Studies from the field of human factors and ergonomics have
hown that interruptions caused by demands other than pain often
mpair performance of the interrupted task [11,12], for instance
y increasing completion time and error rate [13,14]. The gen-
ral premise is that, in order to resume a task successfully, one
eeds to encode task-related information in (prospective) memory
hen the interruption occurs and to further retain this informa-

ion during the interruption [15,16]. Just as with interruptions by
on-painful external stimuli (e.g., [11,12], interruptions by pain are
xpected to impair subsequent task resumption [3]. Further, given
he biological relevance and urgency of pain, we expect that painful
nterruption cues interfere to a larger degree with the encoding
f task-state information and are thus more disruptive than non-
ainful interruption cues. Moreover, an enhanced threat value of
ain enhances its attentional capture [2,6] and might further impair
he encoding at interruption and thus the subsequent resumption
f the interrupted activity [3,10].

The present manuscript describes two experiments aiming at
hedding light on the effects of interruptions by pain on activ-
ty resumption. In both experiments, healthy volunteers were
nterrupted while performing an ongoing task. Participants were
nterrupted by either painful (electrocutaneous) stimulation or
on-painful (vibrotactile) stimulation (within-subjects), followed
y temporary engagement in a different task. We hypothesized
hat receiving painful stimuli as interruption cues would impair

ask performance after task resumption, and that this impair-

ent would be greater than the impairment caused by non-painful
timuli. We expected to see negative effects of interruptions by
ain in task performance, and in subjective ratings of resumption

ig. 1. Schematic representation of the Ongoing task and Interruption task trials (Experim
our targets are presented on the screen. Participants are required to move a joystick towa
owards the targets in a way that follows a clockwise fashion (panel b). After each trial, a
otal length of the ongoing task gets coloured in such a speed, that it is only completely c
timulus or a non-painful vibrotactile stimulus, is delivered on the wrist of the participant
s followed by the suspension of the ongoing task and the initiation of the interruption task
ask, the screen configuration of the ongoing task is presented again (panel e). Participan
rnal of Pain 16 (2017) 52–60 53

difficulty and resumption motivation. Differences were expected
to be more pronounced when pain was perceived as threatening,
which is the case in people high in pain catastrophizing. Task diffi-
culty might be a factor determining interruption effects. Therefore,
in Experiment 2 we used a more complex ongoing task than in
Experiment 1.

2. Experiment 1

2.1. Methods

2.1.1. Participants
Twenty-four healthy volunteers participated in the study. Exclu-

sion criteria were: pregnancy; history of psychiatric or neurological
diagnosis; presence of (acute or chronic) pain, cardiovascular dis-
ease, or other serious medical conditions; use of electronic implants
(e.g., cardiac pacemaker); use of anxiolytic and/or antidepres-
sive medication; imperfect command of the Dutch language; and
impaired (uncorrected) eyesight. Exclusion criteria were checked
by means of self-report at the beginning of each experimental
session. Participants were students from Maastricht University,
who participated on an informed consent basis in return for mone-
tary compensation (D 20). The study protocol was approved by the
Ethical Review Committee Psychology and Neuroscience (ERCPN)
of Maastricht University (study number: ECP-127 11 04 2013).

2.1.2. Experimental task
Participants performed an ongoing joystick task (cf. [17]) dur-

ing which they occasionally experienced interruptions, i.e. time
intervals during which the task was suspended. Interruptions were
prompted either by a painful or by a non-painful interruption cue
(see below Interruption cues). During the interruptions, partici-
pants performed a different task (interruption task), which aimed
at engaging them in a similar way during ongoing task suspen-
sion. After fixed time on the interruption task, participants resumed
the ongoing task at the point where they had been interrupted. A
detailed description follows (see also Fig. 1):

Ongoing task. Throughout the ongoing task, one blue circle was
presented at each of four target locations (top, bottom, left, and
right) on a grey computer screen background. Each target loca-
tion corresponded to each of four possible joystick movements (to
the screen, to the participant, to the left and to the right, respec-
tively). The start of each trial was cued by a white cross appearing
between the target locations. Participants were required to move
the joystick with their dominant hand to one of the locations as
fast and as accurately as possible. During the first trial, a red frame

appeared around one circle and cued the correct direction of the
first movement (Fig. 1a). In subsequent trials, participants were
required to make movements in a clockwise fashion (Fig. 1b), but
no locations were cued. After every completed movement, the

ent 1).
rds the cued target in the first trial (panel a), and then continue making movements
vertical bar that is presented on the left side of the screen and which indicates the
oloured at the end of the task. An interruption cue, i.e. a painful electrocutaneous

’s dominant hand during randomly preselected trials (panel c). The interruption cue
(panel d). On the first intertrial interval upon completion of 30 s on the interruption

ts are then required to resume the ongoing task with the next movement.
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ross disappeared, indicating movement registration. During the
nter-trial interval (ITI; 2500 ms), participants returned the joystick
o its centre point. A vertical bar that was presented on the left side
f the screen got gradually filled with blue colour after every com-
leted movement. Participants were informed that the task would
e completed when the bar was completely coloured.

There were 288 ongoing task trials, 12 of which contained an
nterruption cue (“interruption trials”; randomly preselected, same
or all participants) (Fig. 1c). The interruption cue started was
dministered during the joystick movement. When the movement
ad been registered and the interruption cue completed, the ongo-

ng task was suspended and the interruption task started.
Interruption task. In a simplified version of the Wisconsin card

orting task [18], participants were required to categorize cards
ccording to one known rule. During each trial, one card was pre-
ented in the centre of the screen, with two more cards either on
ts left and right (horizontal task version; 50% of interruptions;
f. Fig. 1d), or above and below it (vertical task version; 50% of
nterruptions). Screen background was black. Each card depicted
ne to four identical geometrical shapes, in one of four colours
e.g. four red circles). There were five kinds of shapes. Participants
ere requested to move the joystick as fast as possible towards

he card that depicted the same shape as the one depicted on the
iddle card. The cards stayed on the screen until the participant

esponded, or for 4500 ms. During the ITI (1500 ms), participants
eturned the joystick to its centre point. On the first ITI after 30 s
n the interruption task, the interruption task stopped and the
ext trial of the ongoing task (“resumption trial”) immediately
tarted. During the resumption trial (Fig. 1e) the participant was
equired to perform the movement that should normally follow
he movement performed during the interruption trial. No location
as cued and no instructions were repeated on the resumption

rials.

.1.3. Interruption cues
Painful electrocutaneous stimuli. Electrocutaneous stimuli

square-wave; 700 ms duration; 10 Hz frequency) served as
nterruption cues in the Pain condition. These stimuli were gen-
rated by a DS5 constant current stimulator (Digitimer Limited,
ertfordshire, UK) and delivered through two 8 mm Ag/AgCl

urface electrodes (Bilaney, Düsseldorf, Germany) placed on
he dorsal side of the wrist of the participant’s dominant hand
ith an inter-electrode distance of ∼1 cm. Before applying the

lectrodes, the experimenter scrubbed the participant’s skin with
commercial scrub cream in order to reduce skin resistance, and
lled the electrodes with electroconductive gel (K-Y gel, Johnson
Johnson).
After applying the electrodes, the stimulus intensity was indi-

idually determined. The experimenter administered a series of
lectrocutaneous stimuli, starting with an intensity of 0.2 mA and
ncreasing in steps of 0.4 mA, until the participant did not wish to
e administered stimuli of higher intensity, or until they had rated
he last stimulus as a 9 on an 11-point “effort to tolerate” scale
0 = “no effort at all”; 10 = “maximum effort I can exert”). In order
o better understand participants’ experience, they were also asked
o rate the stimulus painfulness and unpleasantness (0 = “not at all
ainful/unpleasant”; 10 = “the most painful/unpleasant that I can

magine”) several times throughout the stimulus series, including
pon the last stimulus. Mean intensity used in the experiment was
.5 mA (SD 2.4, range 1.2–9.8).

Non-painful vibrotactile stimuli. Vibrotactile stimuli (700 ms
uration) served as interruption cues in the Non-pain condition.

hese stimuli were generated and delivered by a custom-made
evice, made from a commercially available CE-certified eccentric
otor that was electrically powered and controlled via software by
eans of a TTL signal. The motor was enclosed into a plastic case,
rnal of Pain 16 (2017) 52–60

which was inserted into an arm wallet typically used by joggers.
The arm wallet was fastened around the wrist of the participant’s
dominant hand in such a way that the motor was on its dorsal
side. To keep the weight on the wrist similar across conditions, the
arm wallet was also fastened on top of the electrodes in the Pain
condition.

After securing the arm wallet, participants in the Non-pain
condition were familiarized with the vibrotactile stimuli. The
experimenter administered two stimuli of the same intensity.
Each time, the participant was asked to rate the stimulus on
the “effort to tolerate”, “painfulness” and “unpleasantness” scales
(as above, but with adjusted wording to refer to the vibrotactile
stimulus).

2.1.4. Measures
2.1.4.1. Behavioural measures. Our main outcome variables were
the following indices of ongoing task performance: (1) accuracy
of movement direction, i.e. percentage of trials in which the par-
ticipant moved the joystick in the correct direction; (2) response
latency, i.e. time from trial onset to movement onset; and (3)
response duration, i.e. time from movement onset to movement off-
set. For each trial, correct movement direction was determined on
the basis of movement direction in the previous trial given a clock-
wise order. Therefore, one error did not trigger a cascade of wrong
responses, as long as the participant kept making movements in a
clockwise fashion. For resumption trials, the previous trial was the
one during which the interruption cue was delivered.

2.1.4.2. Self-report measures. Pain catastrophizing was measured by
means of the Pain Catastrophizing Scale (PCS; [19,20]), to assess
whether it moderates the effects of activity interruptions by pain
on subsequent resumption and performance. The PCS consists of
thirteen items that measure three dimensions of pain catastrophiz-
ing, namely helplessness, magnification, and rumination. Each item
is scored on a 0 (“not at all”) to 4 (“all the time”) scale. The Dutch
version of the PCS has shown very good psychometric qualities pre-
viously [19], and a very high reliability in the present study (˛ = .93,
n = 23).

Motivation to perform the tasks, and perceived difficulty to resume
the ongoing task after an interruption were rated on 11-point
numerical scales ranging from 0 (“not at all”) to 10 (“to a very high
degree”). These ratings served as outcome variables.

Further, interruption cue characteristics (painfulness, unpleas-
antness, and threat value) were also rated on 11-point numerical
scales ranging from 0 (“not at all”) to 10 (“to a very high degree”).
These ratings allowed us to investigate whether our manipulation
was successful.

2.1.5. Equipment
The computer task was programmed in Affect, version 4.0 [21].

Participants viewed the task on a standard computer screen set
at a resolution of 1024 × 768 pixels, and performed it by means
of an AttackTM 3 Joystick (Logitech International S. A., Lausanne,
Switzerland). Limesurvey [22] was used for the online question-
naire battery.

2.1.6. Procedure
The study consisted of two lab sessions, planned seven days (±1

day) apart. Two days after the second lab session, participants com-
pleted online a battery of questionnaires that included the PCS and
other questionnaires administered for exploratory reasons (not fur-
ther discussed). Participants were randomly assigned to one of the

two orders (either starting with the Pain condition followed by the
Non-pain condition, or vice versa). During the lab sessions, partici-
pants were tested individually in a dimly lit room, as follows (unless
mentioned otherwise, descriptions apply for both sessions):
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Table 1
Demographic characteristics and Pain Catastrophizing Scale score (means, 95% Con-
fidence Intervals in brackets, SDs and range in parentheses).

Experiment 1
n = 24

Experiment 2
n = 30

Females/Males 22/2 24/6
Right-handed/Left-handed 23/1 27/3
Age 21.2 [20.4, 22.0] 23.2 [21.8, 24.5]

cue type × trial type: F(1, 23) = 1.32, p = .262, �p
2 = .054, �G

2 = .016).
The analysis on response duration yielded a statistically

significant interruption cue type × trial type interaction,
F(1, 23) = 5.76, p = .025, �p

2 = .200, �G
2 = .071. Participants

Table 2
Retrospective ratings of the interruption cue (means, 95% Confidence Intervals in
brackets, SDs and range in parentheses).

Pain Non-pain

Experiment 1 (n = 24)
Painfulness 6.9 [6.2, 7.7]

(1.8, 2–10)
0 (constant)

Unpleasantness 7.9 [7.1, 8.6]
(1.8, 1–10)

0.5 [0.3, 0.8]
(0.7, 0–2)

Threat value 5.9 [4.9, 6.9]
(2.4, 0–10)

0.3 [0,0.5]
(0.7, 0–3)

Experiment 2 (n = 30)
Painfulness 7 [6.5, 7.5]

(1.3, 4–9)
0.2 [0.1, 0.4]
(0.5, 0–2)

Unpleasantness 7.6 [7.0, 8.2]
(1.7, 3–10)

0.6 [0.4, 0.9]
(0.7, 0–2)
R. Gatzounis et al. / Scandinav

Introduction. Upon arrival to the lab, participants read general
nformation about the study (first session only) and about the
ession of that day, and signed the informed consent (first session
nly) and exclusion criteria form (both sessions).

Interruption cue calibration/familiarization. The experimenter
ttached the electrodes and/or vibrotactile stimuli device, and par-
icipants underwent a procedure either for the calibration of the
ainful stimulus intensity or for the familiarization with the vibro-
actile stimuli (see Interruption cues).

Experimental task. Participants received oral and written instruc-
ions about the tasks. After reading on-screen instructions,
articipants practiced 12 ongoing task trials. Subsequently, they
ead on-screen instructions about the interruption task, and prac-
iced 8 trials. After the instruction and practice phase, participants
erformed 288 trials of the ongoing task with interspersed 12 inter-
uptions.

Self-report measures. After completing the experimental task,
articipants provided the task and interruption cue ratings, and the
xperimenter removed the electrodes and/or vibrotactile stimuli
evice. Participants received monetary compensation at the end of
he second session, and were debriefed about the real purpose of
he study when the whole sample had been tested.

.1.7. Statistical analyses
Descriptive statistics were computed for the sample char-

cteristics, questionnaire scores, and debriefing questions. The
nterruption cue ratings given at the end of each session were com-
ared by means of paired samples t-tests.

Results focus on outcome variables that are directly relevant
o the present hypotheses regarding impaired resumption of the
ngoing task. This is considered to be reflected in (1) fewer correct
ovements, (2) longer response latency and (3) longer response

uration in resumption trials (i.e., ongoing task trials immediately
fter an interruption) than in baseline trials (i.e. ongoing task tri-
ls with no task resumption or interruption cue). Responses of
ovements in the incorrect direction, responses faster than 100 ms

i.e., reflecting anticipation of the cross), and exceptionally fast
nd slow responses (2.5SDs above or below the individual mean
ithin each condition and trial type) were excluded from analyses

n response latency and duration. Accuracy of movement direc-
ion, response latency and response duration were subjected to
eparate Repeated Measures Analyses of Variance (RM ANOVAs)
ith interruption cue type (2: pain vs. non-pain) and trial type (2:

aseline trial vs. resumption trial) as within-subjects factors, fol-
owed by simple contrasts. Trials containing an interruption cue

ere excluded from analyses for the sake of clarity. A separate set
f analyses including all trials, however, did not yield essentially
ifferent results. Further, motivation ratings were subjected to a
M ANOVA with interruption cue type (2: pain vs. non-pain) and
ask type (2: ongoing task vs. interruption task) as within-subjects
actors, with post hoc simple contrast analysis. Ratings of difficulty
o resume the ongoing task were subjected to a RM ANOVA with
nterruption cue type (2: pain vs. non-pain) as within-subjects fac-
or. In order to explore whether pain catastrophizing influences
he effects of interruptions by pain, we centred the total PCS score
23] and included it in the above analyses as a covariate. When
he ANCOVAs yielded significant PCS effects by means of correla-
ional analyses. In the interest of brevity, we report the results of
he (RM) ANCOVAs only when these yielded essentially different
esults.

Because sphericity was violated in some of the analyses of vari-

nce, we report Pillai’s trace multivariate results [24,25]. Reported
ffect sizes are �p

2 and �G
2 [26,27]. Where appropriate, we report

orrected degrees of freedom and mean differences with their 95%
onfidence intervals (CIs). Missing values (one participant did not
(SD 1.9, 18–26) (SD 3.5, 18–34)
Pain Catastrophizing Scale 11.9 [8.3, 15.5]

(SD 8.4, 2–31)
14.5 [11.0, 18.0]
(SD 9.3, 1–30)

fill in the online questionnaires) were excluded listwise. Analyses
were performed with SPSS version 22.0 [28].

2.2. Results

2.2.1. Sample characteristics
Table 1 presents the sample’s demographic characteristics and

PCS score.

2.2.2. Manipulation check: Interruption cue characteristics
Participants rated the vibrotactile stimulus as significantly less

painful, t(23) = 18.9, p < .001 (mean difference 6.9 95% CI [6.2, 7.7]),
less unpleasant, t(23) = 20.4, p < .001 (mean difference 7.3 95% CI
[6.6, 8.1]) and less threatening, t(23) = 11.8, p < .001 (mean differ-
ence 5.6, 95% CI [4.6, 6.6]) than the painful stimulus (see Table 2),
thus indicating that it was an appropriate control stimulus.

2.2.3. Interruption effects on ongoing task performance
The behavioural data can be seen in Table 3.
Accuracy of movement direction was lower in resumption trials

than in baseline trials, F(1, 23) = 13.60, p = .001, �p
2 = .372, �G

2 = .273,
by approximately 18.72% (95% CI [−29.22, −8.22]). There was
no effect of interruption cue type (main effect: F(1, 23) = 0.36,
p = .553, �p

2 = .016, �G
2 = .002; interruption cue type × trial type:

F(1, 23) = 0.64, p = .430, �p
2 = .027, �G

2 = .003).
Further, response latency was significantly higher in resump-

tion trials, as compared to baseline trials, F(1, 23) = 174.28, p < .001,
�p

2 = .883, �G
2 = .692. On average, participants took 584 ms (95%

CI [492.5, 675.5]) more to initiate a movement in the resump-
tion trials. There was no effect of interruption cue type (main
effect: F(1, 23) = 0.59, p = .449, �p

2 = .025, �G
2 = .009; interruption
Threat value 5.1 [4.1, 6.1]
(2.6, 0–10)

0.5 [0.01, 0.8]
(1, 0–4)

Note. Interruption cue Painfulness/Unpleasantness/Threat value rated on 11-point
numerical scales (0 = not at all; 10 = to a very high degree).
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Table 3
Accuracy (percentage correct), response latency (milliseconds) and response duration (milliseconds) (means, 95% Confidence Intervals in brackets, SDs and range in
parentheses) per condition and trial type.

Pain Non-pain

Baseline trials Resumption trials Baseline trials Resumption trials

Experiment 1 (n = 24)
Accuracy 99.3 [99.0, 99.5]

(0.7, 97.7–100)
78.9 [67.2, 90.7]
(27.9, 8.3–100)

98.9 [98.3, 99.4]
(1.3, 96.2–100)

81.8 [70.9, 92.7]
(25.9, 8.3–100)

Response Latency 516.4 [493.9, 538.8]
(53.2, 385.1–663.6)

1150.1 [1001.6, 1298.7]
(351.8, 759.2–2596.6)

529.8 [501.1, 558.6]
(68.0, 349.4–701.8)

1064.1 [954.5, 1173.7]
(259.6, 206.0–1537.5)

Response Duration 326.8 [317.5, 336.0]
(22.0, 281.3–366.1)

343.1 [320.9, 365.4]
(52.6, 271.0–543.7)

339.3 [326.0, 352.5]
(31.4, 286.6–433.5)

325.7 [312.2, 339.2]
(31.9, 250.0–388.0)

Experiment 2 (n = 30)
Accuracy 99.8 [99.6, 99.9]

(0.4, 98.2–100)
60.4 [46.5, 74.4]
(37.4, 0–100)

99.7 [99.5, 99.9]
(0.6, 97.3–100)

61.5 [50.1, 72.8]
(30.5, 0–100)

Response Latency 425.8 [407.2, 444.4]
(49.8, 350.9–551.3)

1184.6 [1009.3, 1359.9]
(443.2, 665.0–2538.0)
(n = 27)

422.6 [407.1, 438.1]
(41.4, 347.7–507.0)

1120.8 [1009.0, 1232.6]
(293.9, 600.0–1894.0)
(n = 29)

Response Duration 274.2 [223.5, 324.9]
(135.8, 137.0–817.7)

358.2 [296.4, 420.1]
(146.5, 186.7–802.0)

275.8 [221.4, 330.2]
(145.7, 130.2–737.4)

394.7 [317.9, 471.5]
(198.0, 135.2–860.5)
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(n = 24)

ote. In experiment 2, the n of resumption trials equals the number of participants

ompleted the resumption trials somewhat faster than the
aseline trials in the Non-pain condition, p = .042 (mean difference
13.6 ms, 95% CI [−26.6, −0.5]), but with similar speed in the Pain

ondition, p = .085. The analysis yielded no main effects of trial
ype, F(1, 23) = 0.09, p = .768, �p

2 = .004, �G
2 = .001, or interruption

ue type, F(1, 23) = 0.18, p = .680, �p
2 = .008, �G

2 = .002 (see Table 3).

.2.4. Interruption effects on self-reported motivation to perform
nd difficulty to resume

Ratings are shown in Table 4. Participants reported being more
otivated to perform the interruption task, as compared to the

ngoing task, in the Pain condition, p = .002 (mean difference
.96, 95% CI [0.83, 3.09]), but not in the Non-pain condition,
= .366 (mean difference 0.25, 95% CI [−0.31, 0.81]) (interruption
ue type × task type: F(1, 23) = 8.81, p = .007, �p

2 = .277, �G
2 = .065;

ain effect of interruption cue type, F(1, 23) = 0.14, p = .708,
p

2 = .006, �G
2 = .002; main effect of task type: F(1, 23) = 11.81,
= .002, �p
2 = .339, �G

2 = .104). Further, participants reported a sim-
lar degree of difficulty to resume the target task in the Pain
ondition and in the Non-pain condition, F(1, 22) = 2.41, p = .135,
p

2 = .099, �G
2 = .047.

able 4
atings of the motivation to perform the ongoing task and the interruption task, and
f the perceived difficulty to resume the ongoing task after an interruption (means,
5% Confidence Intervals in brackets, SDs and range in parentheses).

Pain Non-pain

Experiment 1 (n = 24)
Motivation to perform
ongoing task again

2.5 [1.7, 3.2]
(1.8, 0–5)

3.5 [2.5, 4.4]
(2.3, 0–8)

Motivation to perform
interruption task again

4.4 [3.4, 5.5]
(2.5, 0–10)

3.7 [2.8, 4.7]
(2.3, 0–8)

Difficulty to resume ongoing
task

3.6 a [2.3, 4.9]
(3.0, 0–8)

2.9 [2.1, 3.7]
(2.0, 0–7)

Experiment 2 (n = 30)
Motivation to perform
ongoing task

7.3 [6.7, 8.1]
(2.3, 2–10)

7.1 [6.3, 7.9]
(2.1, 3–10)

Motivation to perform
interruption task

7.7 [7.0, 8.4]
(1.9, 3–10)

7.7 [7.0, 8.3]
(1.7, 3–10)

Difficulty to resume ongoing
task

4.9 [3.8, 6.1]
(3.0, 0–10)

4.1 [3.0, 5.1]
(2.9, 0–9)

ote. In experiment 1, participants were asked to rate the degree to which they
would like to perform the (target/interruption) task again”, whereas in experiment
, they were asked to rate the degree to which they “were motivated to perform the
target/interruption) task” on an 11-point numerical scale (0 = not at all; 10 = to a
ery high degree).
a Based on n = 23 (one participant did not complete this question).
(n = 28)

ad at least one accurate resumption.

2.2.5. Influence of pain catastrophizing
Pain catastrophizing was included in the above analyses as a

continuous variable, but was not found to essentially change the
results.

2.3. Discussion

Participants made more errors and took longer to initiate
responses when resuming the ongoing task after an interruption,
as compared to other trials. These results are in line with task inter-
ruption research from outside the field of pain showing that, in most
cases, task performance is impaired upon task resumption [11,12].
The expected difference in response duration was not found. Fur-
ther, contrary to our expectations, the costs in task performance
were similar irrespective of whether participants received the
painful or the non-painful interruption cue. When interrupted by
pain, however, participants reported lower motivation to perform
the ongoing task compared to the interruption task. It is possible
that the expected difference in interruption effect between the two
interruption cue conditions did not arise due to a ceiling effect in
target task performance, especially regarding accuracy (cf. Table 3).
To investigate this idea, we adapted experiment 1 using a more
complex target task containing more targets.

3. Experiment 2

3.1. Methods

3.1.1. Participants
Thirty-five healthy volunteers participated. Exclusion criteria

were the same as in experiment 1, plus the additional criterion
of having received medical advice to avoid stressful situations. Five
participants were excluded from the analyses due to a technical
problem resulting in unreliable administration of the electrocu-
taneous stimulation. Participants were students of the University
of Leuven, who participated on the basis of informed consent, in
exchange for monetary compensation (D 18). The study protocol
was approved by the Social and Societal Ethics Committee and
the Medical Ethics Committee of the University of Leuven (study
number: ML 10825).
3.1.2. Experimental task
The experimental task of experiment 1 was modified as follows

(see also Fig. 2):
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Fig. 2. Schematic representation of the Ongoing task and Interruption task trials (Experiment 2).
Eight targets, arranged in a circle, are presented. Participants are required to move a joystick towards the cued location in the first trial (panel a), and continue making
movements in a way that follows a clockwise fashion (panel b). The vertical bar on the left side of the screen gets filled with colour with every registered trial in such a
way, that it is completely filled only at the end of the ongoing task, thus indicating to the participant their progress in the task. During randomly preselected trials, a painful
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lectrocutaneous or a non-painful vibrotactile stimulus is delivered to the wrist o
nd the interruption task is initiated (panel d). On the first intertrial interval after
mmediately initiated (panel e), requiring the participant to make a movement tow

Ongoing task. Participants were required to make eight possi-
le joystick movements, each of which corresponded to one target

ocation on the screen. The target locations were indicated by eight
ounded trapeziums presented in a circle. In the centre of this circle,
cross was shown to indicate the start and end of a trial and ITI, as

ollows: When the cross turned green, participants were required
o initiate a joystick movement to one of the target locations as
ast and as accurately as possible. When the cross turned white
upon movement completion), participants were required to bring
he joystick back to its centre point, visually indicated by the cross,
nd keep it there. Then the cross turned red, indicating that the ITI
duration: variable between 1000 and 3000 ms) began. Participants
ere not allowed to move the joystick cursor outside the area of the

ross before the end of the ITI, and received feedback when they did
o. The ongoing task consisted of 256 trials, 16 of which had been
andomly preselected to contain an interruption cue (Fig. 2c).

Interruption task. The interruption task was the same as in exper-
ment 1 except for card location and joystick movement. One card

as always presented at the centre point and the other two cards
andomly on two out of eight possible locations (i.e. the target loca-
ions of the ongoing task) (Fig. 2d). At the start of each trial, the three
ards were presented, indicating to the participant that they had
o choose the correct card as fast as possible. When the response
as registered, the cards disappeared and the white cross appeared

t the centre point. Participants had to bring the joystick cursor
o the cross and keep it there during the ITI (duration: 3000 ms),
hich was signalled by the cross turning red and terminated by

he presentation of the three card stimuli in the following trial.

.1.3. Interruption cues
Electrocutaneous stimuli (mean intensity 4.4 mA, SD 1.9, range

.0–9.8), vibrotactile stimuli, and the calibration and familiariza-
ion procedure were the same as in Experiment 1.

.1.4. Measures
The same behavioural outcome variables as in Experiment 1

ere used. Self-report measures were also the same as in Exper-
ment 1, apart from a different phrasing of the task motivation
uestions (see Table 4).

.1.5. Equipment
Similar equipment as in Experiment 1 was used, apart from

he addition of a pair of standard computer speakers (Logitech

nternational S. A., Lausanne, Switzerland) for the error feedback,
nd the use of a Hawk

®
force-feedback joystick with a hydraulic

ystem (Paccus Interfaces, Almere, The Netherlands). This joystick
llows for high user control and for movements also outside the
articipant’s dominant hand (panel c). Subsequently, the target task is suspended
n the interruption task, the interruption task is suspended and the target task is

he next location.

two-axes area (i.e. front-back and left-right) covered by conven-
tional joysticks.

3.1.6. Procedure
The procedure was similar to that of Experiment 1, except for

the fact that the two within-subjects conditions were performed
within one lab session, as follows: Upon arrival at the lab, partic-
ipants read general information about the study, signed informed
consent, and reported whether they fulfilled exclusion criteria.
Subsequently, they received information about the condition they
would perform first, underwent either the calibration (Pain condi-
tion) or the familiarization (Non-pain condition) procedure, and
received instructions for and performed the experimental task.
After task completion, participants provided task and interrup-
tion cue ratings, and the experimenter removed the electrodes
and/or vibrotactile stimuli device. Subsequently, the same proce-
dure was followed for the other condition. Two days after the lab
session, participants filled in the online questionnaires (cf. Experi-
ment 1). Participants were debriefed when the whole sample had
been tested.

3.1.7. Statistical analyses
Expectations and statistical procedures were the same as in

Experiment 1.

3.2. Results

3.2.1. Sample characteristics
The sample characteristics are presented in Table 1.

3.2.2. Manipulation check: Interruption cue characteristics, and
difficulty to resume the ongoing task in relation to Experiment 1

Participants rated the electrocutaneous stimulus as significantly
more painful, t(29) = 28.12, p < .001 (mean difference 6.7, 95% CI
[6.2, 7.2]), unpleasant, t(29) = 19.88, p < .001 (mean difference 6.9,
95% CI [6.2, 7.6]), and threatening, t(29) = 8.95, p < .001 (mean dif-
ference 4.6, 95% CI [3.6, 5.7]) than the vibrotactile stimulus (see
Table 2), thus providing additional evidence that the vibrotactile
stimulus was a good control to pain. Further, participants rated the
difficulty of resuming the ongoing task higher than in Experiment
1, by approximately 1.28 points (95% CI [-0.01, 2.65]) on the 0–10
scale (see Table 4). This difference was of marginal statistical signif-
icance, F(1, 51) = 3.47, p = .068, �p

2 = .064, as shown by a RM ANOVA
with task type (2: ongoing task vs. interruption task) as the within-
subjects factor and experiment (2: Experiment 1 vs. Experiment 2)

as the between-subjects factor.

3.2.3. Interruption effects on ongoing task performance
The behavioural data can be seen in Table 3.
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Accuracy of movement direction was lower in resumption trials
s compared to baseline trials, F(1, 29) = 46.44, p < .001, �p

2 = .616,
G

2 = .494, by 38.81% on average (95% CI [−50.46, −27.16]). There
as no effect of interruption cue type (main effect: F(1, 29) = 0.04,
= .846, �p

2 = .001, �G
2 = .0001; interruption cue type × trial type:

(1, 29) = 0.05, p = .828, �p
2 = .002, �G

2 = .0002).
Similarly, response latency was higher in resumption trials as

ompared to baseline trials, F(1, 26) = 158.58, p < .001, �p
2 = .859,

G
2 = .732, by 720.66 ms on average (95% CI [603.02, 838.29]). There

as no effect of interruption cue type (main effect: F(1, 26) = 1.19,
= .285, �p

2 = .044, �G
2 = .010; interruption cue type × trial type:

(1, 26) = 1.22, p = .280, �p
2 = .045, �G

2 = .010).
Response duration was also higher in resumption trials compared

o baseline trials, F(1, 23) = 30.53, p < .001, �p
2 = .570, �G

2 = .229, by
04.39 ms on average (95% CI [65.31, 143.47]) (see Table 3). There
as no effect of interruption cue type (main effect: F(1, 23) = 0.36,
= .851, �p

2 = .002, �G
2 = .0003; interruption cue type × trial type:

(1, 23) = 0.10, p = .753, �p
2 = .004, �G

2 = .0006).

.2.4. Interruption effects on self-reported motivation to perform
nd difficulty to resume the ongoing task

Table 4 presents the participants’ task-related ratings. There was
marginally significant effect of task type on the self-reported
otivation to perform the two tasks, F(1, 29) = 4.07, p = .053,

p
2 = .123, �G

2 = .027. Participants reported having been somewhat
ore motivated to perform the interruption task, compared to the

ngoing task (mean difference 0.5, 95% CI [−0.007, 1.007]). There
as no effect of interruption cue type (main effect interruption cue

ype: F(1, 29) = 0.18, p = .672, �p
2 = .006, �G

2 = .002; interruption cue
ype*task type: F(1, 29) = 0.06, p = .813, �p

2 = .002, �G
2 = .0005). Par-

icipants also reported a higher perceived degree of difficulty to
esume the ongoing task in the Pain condition as compared to the
on-pain condition. This effect was of marginal statistical signifi-
ance, F(1, 29) = 3.86, p = .059, �p

2 = .117, �G
2 = .037.

.2.5. Influence of pain catastrophizing
The RM ANCOVA on response duration revealed an additional sta-

istically significant interaction of interruption cue type*PCS, F(1,
2) = 5.07, p = .035, �p

2 = .187, �G
2 = .051. The PCS score, however,

as not found to correlate significantly with the response duration
n any of the trial types (-0.02 < r < 0.34, all p’s > .069), pointing to
he possibility that this finding might have been a statistical arte-
act. The other ANCOVAs yielded no essentially changed results and
re thus omitted from the results.

.3. Discussion

Experiment 2 replicates the findings of Experiment 1 in demon-
trating that participants were significantly less accurate and
lower to initiate movements when resuming the ongoing task
fter an interruption, as compared to other trials. Further, it extends
hese findings by demonstrating that participants were also slower
o complete movements in resumption trials. Despite the more
omplex ongoing task, impairment upon resumption was not
reater when the task was interrupted by pain, as compared to
on-painful stimuli, and did not appear to depend on level of pain
atastrophizing.

. General Discussion

The two experiments described in this manuscript aimed at
hedding light on the consequences of interruptions by pain for

he subsequent resumption of the interrupted activity. Healthy
olunteers performed an ongoing task requiring joystick move-
ents. Occasionally, they received either painful electrocutaneous

r non-painful vibrotactile stimulation. Crucially, these stimuli
rnal of Pain 16 (2017) 52–60

were followed by ongoing task suspension and initiation of a dif-
ferent task. After spending some time away from the ongoing task,
participants resumed it. Our focus lay on performance indices upon
resumption, but self-reported measures of task performance were
also investigated.

Our first hypothesis, i.e. that interruptions by pain impair task
performance upon resumption, was confirmed. Participants were
less accurate and took longer to initiate a joystick movement on
ongoing task trials immediately after an interruption (resumption
trials) as compared to other trials (baseline trials). In experiment 2,
they also took longer to complete a joystick movement in resump-
tion trials, as compared to baseline trials. These findings support
a theoretical model in which interruptions by pain have nega-
tive consequences for behaviour and goal pursuit [3], and are in
line with a large body of research from the field of human factors
and ergonomics (e.g., [12]) showing that interruptions by (pain-
irrelevant) external demands have detrimental consequences for
outcomes such as accuracy [29–31], resumption time [32,33], and,
for complex tasks, also quality of performance [34] (although see
also [35]).

Our second hypothesis was that interruptions by pain would
impair task performance more than by other somatic stimuli, pre-
sumably because pain would result in larger interference with
attention, and subsequently also with the encoding of task-related
information [2,3]. In contrast to our expectation, we did not
find that interruptions by pain have more detrimental conse-
quences than interruptions by non-painful vibrotactile stimuli. The
observed effects were of a similar magnitude in both conditions and
are thus not specific to pain. One reason for the lack of the expected
interruption cue type effect on task resumption might be the com-
plexity or cognitive demand of the ongoing task. Interruptions of
easy tasks may even facilitate performance instead of impairing it
[36]. Although in Experiment 2 we attempted to increase ongoing
task complexity, the task was probably still fairly easy for our sam-
ple. Higher error rates and error rate variance might leave more
room for potential interruption cue effects to be observed. Further,
low cognitive demand of the interruption task might have allowed
participants to use compensation strategies [37], such as informa-
tion rehearsal [38]. Compensation strategies might have been used
to a different degree in the two conditions.

The absence of an interruption cue type effect may also be
explained by a similar opportunity to encode task-related infor-
mation (e.g., the last joystick movement) following the painful
and non-painful interruption cues. According to stage models of
interruptions [11,15,39], the interruption cue is followed by the
interruption lag, a time interval during which the person has the
opportunity to “wrap up” the activity and/or to encode informa-
tion about its state before suspending it [39]. As a threat signal,
pain might lead people to disengage from their activity promptly,
resulting in a dramatic decrease of the interruption lag duration
and therefore a decreased chance of successful activity resumption
[3]. In the present experimental setup, however, the interruption
lags following the painful and non-painful interruption cue were
similar, thus offering a similar opportunity for encoding. Further
research is needed to clarify the lack of an effect of interruption
cue type on task resumption, taking into account task complexity
and interruption lag duration.

Participants reported somewhat higher motivation to perform
the interruption task rather than the ongoing task in the pain condi-
tion, but not in the non-pain condition, indicating that breaks from
a pain-relevant task were more pleasant than breaks from a pain-
irrelevant task. This result, however, was only found in Experiment

1 and was not further confirmed by Experiment 2. Future research
may investigate the motivational effects of interruptions by pain.

Pain catastrophizing was not found to influence the conse-
quences of interruptions by pain. This was in contrast to our third
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ypothesis [3], and to a previous study, showing that pain catas-
rophizing moderates the effects of interruptions by pain [10]. It

ust be noted, however, that the mean Pain Catastrophizing Scale
19,20] scores presently obtained (Experiment 1: 11.9, SD = 8.4;
xperiment 2: 14.5, SD = 9.3) were somewhat lower than these pre-
iously found in similar samples (16.6, SD = 7.8; [19]). It is possible
hat the pain catastrophizing level of our samples was too low to
urther enhance the negative effects of interruptions by pain. Fur-
her research in whether and how pain catastrophizing amplifies
he detrimental effects of interruptions by pain is therefore warr-
nted.

Response duration after the interruption was increased only in
xperiment 2, which might relate to the different joystick used
n that study. Specifically, whereas the joystick of Experiment 1
equired user control mainly with regards to initiating a move-
ent (“pushing” the joystick beyond the centerpoint), after which

t moved fairly easily on one of two axes, the joystick of Experiment
required high user control not just with regards to the initiation

f a movement, but to its whole performance in a larger area.
Some study limitations should be noted. First, the experimen-

al tasks were rather easy, as demonstrated by participants’ high
ccuracy. In Experiment 2 we attempted to increase ongoing task
omplexity by increasing the number of targets, thus expecting
hat memory load would also be increased. Although in relation
o Experiment 1 we observed an increase in reported task diffi-
ulty, the difference was not statistically significant. Despite the
ecline in accuracy and rise in variance in the resumption trials,
he target task might still have been easy for our high-functioning
ample. Future research may investigate the effects of interruptions
y pain on even more complex tasks.

Further, our samples consisted of healthy volunteers, who
eceived experimentally induced pain in a controlled laboratory
nvironment. Our results may thus not generalize to clinical sam-
les. Also, different results might be yielded with a more tonic pain
odel (e.g. heat or ischaemic pain). Moreover, in order to answer

ur question regarding the effect of interruption cue type, our stud-
es focused on experimenter-initiated and -paced interruptions.
uture research might address the effects of self-initiated and -
aced interruptions or, more generally, the motivational context
f interruptions [40].

Taken together, the two experiments presented here suggest
hat interruptions by pain do impair the resumption of a simple
ask, but not more so than interruptions by non-painful somatic
timuli. To our knowledge, these experiments are the first to
ystematically investigate the effects of interruptions by pain
n subsequent activity resumption, by using a controlled task
nterruption paradigm. Previous relevant studies have focused on
mpaired task performance during pain (e.g., [5–8,41] and on the
ffects of rapid switching between tasks in the context of pain [42].
lthough these situations are highly related to interruptions for

onger time, they are still placed on different ends of the multitask-
ng continuum [43].

Activity interruptions by pain deserve to be systematically
nvestigated because they are a common response to pain even

hen the pain has no adaptive value, as is the case with chronic pain
2]. Further, they constitute part of a (chronic) pain management
echnique called activity pacing, which (amongst others) includes
reaking activities into smaller parts, taking breaks, and alternating
ctivity with rest [44,45]. Theoretical approaches to activity pac-
ng vary [45], but when activity pacing is informed by the operant
earning theory, patients are advised to take breaks contingent on
eaching a preset goal instead of contingent on pain [45,46], which

s the most common scenario in “naturalistic” pacing [47]. Con-
istent findings for the effectiveness of activity pacing are lacking
45,48] and, to our knowledge, activity pacing has not been exper-
mentally investigated. Research on the effects of interruptions in

[

rnal of Pain 16 (2017) 52–60 59

the context of pain and the role of interruption characteristics (such
as interruption contingency, duration, etc.) therein, may shed light
on the type of breaks that could be most helpful for pain patients.
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