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Individual Differences in the Effects of Music Engagement on

Responses to Painful Stimulation
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Abstract: Engaged attention, including music listening, has shown mixed results when used as

a method for reducing pain. Applying the framework of constructivism, we extend the concept of

engagement beyond attention/distraction to include all cognitive and emotional/motivational pro-

cesses that may be recruited in order to construct an alternative experience to pain and thus reduce

pain. Using a music-listening task varying in task demand, we collected stimulus-evoked potentials,

pupil dilation, and skin conductance responses to noxious electrocutaneous stimulations as indicators

of central and peripheral arousal, respectively. Trait anxiety (Spielberger State-Trait Anxiety Inven-

tory) and absorption (Tellegen Absorption Scale) provided indicators of individual differences. One

hundred and fifty-three healthy, normal volunteers participated in a test session in which they re-

ceived 3 stimulus intensity levels while listening to background tones (No Task) or performing a mu-

sic-listening task. Linear slopes indicating net engagement (change in stimulus arousal relative to

task performance) decreased with increasing task demand and stimulus level for stimulus-evoked po-

tentials. Slopes for pupil dilation response and skin conductance response varied with task demand,

anxiety, and absorption, with the largest engagement effect occurring for high anxiety/high absorp-

tion participants. Music engagement reduces pain responses, but personality factors like anxiety and

absorption modulate the magnitude of effect.

Perspective: Engaging in music listening can reduce responses to pain, depending on the person:

people who are anxious and can become absorbed in activities easily may find music listening espe-

cially effective for relieving pain. Clinicians should consider patients’ personality characteristics when

recommending behavioral interventions like music listening for pain relief.

ª 2011 by the American Pain Society
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ehavioral methods for relieving pain often use en-
gagement in task performance, with graded in-
creases in task demand corresponding to

decreasing pain.15 Researchers investigating these
methods typically identify distraction, or the shifting of
attention away from painful sensations towards compet-
ing stimuli, as the primary mechanism of effect. Unfortu-
nately, the results fromdistraction studiesare inconsistent
likely due to poor attentional control or differences in
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pain characteristics.6 Variable effectiveness may also de-
pend on the task’s cognitive demands,35 arousal charac-
teristics,14 or differences in personality characteristics.6

Forexample, anxietymay interferewith taskperformance
and affect pain outcomes.16,26 Few studies have
investigated differences in characteristics of task,
personality, or their combined effects in the same study.
Distraction models of pain reduction derive from the

construct of attentional resource allocation,18 focusing
on resources shared by pain networks and cognitive pro-
cesses including executive function and memory.5,25,42

This conceptual approach restricts itself to cognitive/
attentional engagement. We view distraction as 1
component within an overarching framework that
broadens the conceptualization of engagement. In this
framework, based on constructivist theory,45 engage-
ment applies to gradations in a range of contextually
rich, dynamic, and complex experiences that influence
pain perception. The distraction model assumes that
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Figure 1. A model representing the effects of task engage-
ment and stimulus response on arousal. Pain and Task are men-
tal constructions represented as latent (unmeasured) variables
whose effects on arousal can be inferred from changes in
arousal slopes relative to unit change in stimulus level (Stimulus
Response) and task demand (Task Engagement). Anxiety and ab-
sorption are personality measures that can affect arousal di-
rectly or indirectly.

Bradshaw et al The Journal of Pain 1263
pain is a fully formed perception and that a competing
perception pulls the subject away frompain. Taking a ho-
listic view of experience, the constructivist position sub-
sumes attentional processes in an array of networks
combining cognitive, affective/motivational, memory,
sensory, and motor systems. These systems are part of
a process in which the brain continuously constructs
and reconstructs short-lived perceptual wholes from ar-
rays of incoming information. This view asserts that
pain cannot form as a complete perception when the
subject is fully engaged in a competing construction.9

The key to successful pain control is not the pull of the
distractor, but rather the degree of engagement the sub-
ject is able to produce.
We propose a conceptual model that addresses the

combined effects of stimulus and task performance on
arousal (Fig 1). Pain and Task are constructions created
in the brain that cannot be observed directly but can
be inferred from their effects on measures of arousal.
Pain effects are evidenced by change in arousal in rela-
tion to unit change in stimulus level, represented as Stim-
ulus Response in the model. Task effects are revealed
through change in arousal corresponding to unit change
in task demand, represented as Task Engagement. Per-
sonality characteristics such as anxiety and absorption
can affect arousal directly or indirectly through their ef-
fects on Task and/or Pain constructions.
The present study investigates how engaging in listen-

ing to music might affect physiological responses to nor-
mally painful stimulation as indicated by changes in
a measure of central arousal, stimulus-evoked potential
(SEP), and peripheral arousal: pupil dilation response
(PDR) and skin conductance response (SCR). Furthermore,
and critically, the study investigates the extent to which
these changes depend on characteristics of the person
such as anxiety and absorption. We hypothesized that
low anxiety and high absorption would confer an en-
gagement advantage producing large task-mediated re-
ductions in arousal, whereas high anxiety and low
absorption shouldbe the least advantageous for engage-
ment.A separate study conducted inour laboratoryusing
a different group of participants (Bradshaw et al, unpub-
lished data, 2011) showed that reductions in SEP and PDR
in response to noxious stimulation were linearly related
to task engagement. Although the study failed to find
significant individual differences on the personality indi-
cators, it was underpowered to detect these effects. Also,
SEP and PDR may have been inadequate indicators for
detecting these effects. Consequently, the present study
improves upon the earlier study by adding SCR as
a more sensitive indicator of anxiety-related arousal
and by increasing the sample size.
Methods

Participants
We recruited 153 volunteers to participate in the study,

70 females and 83 males, with 143 successfully complet-
ing the test session. Ten participants failed to complete
due to equipment or software failure. Participants
were 18 years or older, healthy and free of chronic
pain, not using psychoactive or blood pressure medica-
tion, and had normal hearing as confirmed by audiomet-
ric testing (Earscan 3 Screening Audiometer, Micro
Audiometrics, Murphy, NC). Volunteers consented to
participate according to the University of Utah Institu-
tional Review Board approved protocol and in accor-
dance with the ethical standards established in the
1964 Declaration of Helsinki. Participants were compen-
sated for their time spent in the study.
Design
The design for this study comprised multivariate re-

peated measures having 2 within-subjects manipulated
factors, stimulus level and task with 3 levels of stimulus
intensity: low, moderate, and high intensity, and 3 levels
of task condition: No Task, Easy Task, and Hard Task. Task
conditions increased in task demand in a graded fashion.
Stimulus level was randomized within test blocks and
condition order was counterbalanced across subjects.
Experimental Conditions
Subjects experienced 8 blocks of trials, with 4 blocks of

No Task and 2 blocks each of Easy and Hard Task condi-
tions. To provide a control for habituation effects, No
Task blocks alternated with Easy and Hard Task blocks,
with paired order, No Task-Easy Task, No Task-Hard
Task, presented in a sequence that was randomized
across subjects. Each block consisted of a test window
during which music played while the subject received
a total of 18 stimulus trials. Noxious fingertip stimuli oc-
curred at 3 intensity levels varying in random order with
equal numbers of trials delivered at each intensity over
each block. The intertrial interval for stimuli varied ran-
domly from 8 to 11 seconds.



Figure 2. Illustration of the operational definition of engage-
ment as net change in physiological response relative to change
in task level.

1264 The Journal of Pain Individual Differences in Music Engagement and Pain
Operational Definition of Engagement
The construct of engagement is not directly observable

and measurable since it is a process inferred from rela-
tionships among interacting conditions and variables;
in this case, stimulus and task. Engagement, as we have
operationalized it, is the rate of change observed in
thephysiological variablemeasured in response to a stim-
ulus per unit change in task level. This rate of change, or
slope, is a proxy measure that reveals the direction and
extent of engagement. Conceptually, its value may in-
crease, decrease, or remain unchanged with increasing
task demand, relative to the baseline control condition
(No Task). This rate-of-change value may vary across peo-
ple, across different kinds of tasks, and across different
choices for levels of the same task. In this experiment,
we selected 1 type of task (error detection inmusical pas-
sages) with 3 levels of graded task demand. The units of
change in task demand level were necessarily arbitrary,
as was the decision to treat the spacing between levels
as linear in the construction of slopes. Even so, the slope
measure with 3 points provides a reasonable summary of
overall increase or decrease, with magnitudes that are
consistent within this particular experiment. Defining
engagement with a single summary number, the slope,
is highly parsimonious and simplifies interpretation.
Fig 2 illustrates the operational definition. A linear fit

defines 2 parameters, an intercept and a slope. The inter-
cept corresponds to the response obtained at the base-
line control condition. The slope defines the rate of
change per unit change in task demand (in arbitrary
units as described above). A negative slope signals re-
sponse attenuation, as each increasingly demanding
task reduces the response relative to the control condi-
tion. A positive slope indicates response amplification
corresponding to increasing response with increasing
task demand. Strictly speaking, we refer to net attenua-
tion and net amplification, since the same task may in-
duce competing processes such as heightened arousal
relative to the task but reduced arousal relative to the
stimulus.Amplification andattenuation combine in a sin-
gle net observed effect. We define a net decrease in
arousal with increasing task demand, or net attenuation,
as net engagement, reasoning that a decreasing re-
sponse to the stimulus with increasing task demand indi-
cates greater task engagement.
Music-Listening Task
The music-listening task demand varied on 2 dimen-

sions: structural complexity of the auditory signal and
difficulty of the listening task (Fig 3). The music-
listening task conditions consisted of an auditory analog
to the familiar visual figure-ground perceptual chal-
lenge. The auditory figure comprised a familiar melody
(eg, ‘‘Twinkle, twinkle, little star’’) presented at a rate
of 1 tone per second. The background comprised 2 series
of random tones varying over a 6-semitone range and
sounding above and below the pitch range of the mel-
ody. Background tones occurred at twice the rate of
the melody tones. Melody tones were selected at ran-
dom to either deviate by 12 semitones (1 octave) from
the normally occurring pitch frequency or to be omitted
(frequency = 0). The listening task was to track the mel-
ody and identify deviant tones while ignoring omitted
tones. Adjusting the frequency distance between the
melody and background varied the task complexity. Pilot
testing found that positioning the background directly
adjacent to the frequency range of the melody com-
pared to 12 semitones above and below the melody
resulted in consistent and predictable increases in task-
performance errors, indicating increasing task demand.
In the Easy Task condition, subjects heard the melody
against the background of random tones sounding
612 semitones from the melody and in the Hard Task
the background tones sounded adjacent to the melody.
During the No Task control condition, the background
tones were played without a melody and subjects did
not perform a task.
Manipulating the loudness of the melody relative to

the background provided an effective way to adjust for
individual differences in task-performance ability. Dur-
ing pre-test training, we optimized the loudness adjust-
ments so that subjects achieved 95% accuracy in
reporting pitch deviations in the Easy Task condition
and 80% accuracy in the Hard Task. We applied
Fletcher-Munson corrections to the frequency ampli-
tudes to assure equal loudness across the entire fre-
quency range (similar to pressing the loudness toggle
on a stereo system). Auditory signals were delivered
free-field over a loudspeaker positioned in front of the
subject. To assure that subjects were familiar with the
test melody, could easily recall and track it, and had an
expressed preference for it, we asked each subject to se-
lect a single favored tune from a list of experimenter pro-
vided simple children’s songs.
Dolorimetry
We delivered safe but noxious stimuli to subjects using

a modified version of a standard laboratory pain



Figure 3. Experimental conditions for music listening tasks and stimulus delivery. Connected white circles indicate tones in the mel-
ody being tracked; large circles indicate pitch displacement errors and omitted tones (pitch = 0); dark circles indicate background dis-
traction tones.
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stimulation technique.3 As a stimulation electrode, we
inserted a standard prick lancetter (Bayer No. 170400
B03) having a 1-mm triangular tip in the stratum cor-
neum of a fingertip on the subject’s nondominant
hand, and as a return electrode, we applied a 2.5 by 4
inch silver/silver chloride flat plate to the volar surface
of the forearm of the same arm. A stimulus trial consisted
of a 5-msec squarewave constant current pulse delivered
to the fingertip by a Grass S-44 stimulator (Grass Technol-
ogies, West Warwick, RI) and a stimulus isolation unit
connected in series. Stimulus levels for testing were es-
tablished for each subject, based on the subject’s pain
threshold and tolerance. To establish pain threshold
and tolerance, we stimulated the fingertip with gradu-
ally increasing stimulus intensity and asked subjects to in-
dicate the point at which they first felt slight pain and
the point at which they did not wish to receive higher in-
tensity stimulation. This procedure repeated, as needed
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(usually 3 repetitions), until subjects reported just detect-
able pain and maximum pain at within .1% deviation in
stimulus intensity. We identified pain threshold as the in-
tensity at which the subject first consistently reported
slight pain, and pain tolerance as the maximum intensity
the subject was willing to receive. Using the range in cur-
rent values obtained from threshold to tolerance, we set
3 stimulus levels: 20, 50, and 80% of pain tolerance for
low, medium and high stimulus level, respectively.

Psychophysiological Indicators of
Arousal
SEPs indicate perceptual-cognitive processing of noci-

ceptive signals with increasing amplitudes correlated
with increasing noxious stimulus intensity and higher
pain ratings.37 PDRs correspond to cognitive load with
higher amplitudes correlated with increasing task de-
mand.44 SCR is a reliable indicator of autonomic arousal
corresponding to changes in emotional states such as anx-
iety.11 SCR may prove more responsive to detecting differ-
ences corresponding to personality indicators of anxiety.
Several studies have reported that, although diverting at-
tention away from painful stimuli reduces reported pain,
arousal indicators such as SCR nevertheless increase.17

Thus, we predicted that increasing task demand would re-
ducephysiological responses to painful stimulationbut rec-
ognized that task performance itself may generate an
arousal response, particularly in SCR.

Psychophysiological Data Collection
Changes in electroencephalographic (EEG) SCR and

PDR data streams time-locked with stimulus onsets pro-
vided indicators of psychophysiological responses to
noxious events. We collected EEG data continuously
from a single low impedance silver/silver chloride record-
ing electrode placed at vertex (Cz), with reference clip
electrodes affixed to the earlobes and a single ground
electrode attached to the left cheek. The conditioned
and amplified signal (Grass Model 12 Neurodata Acquisi-
tion System, Grass Technologies, West Warwick, RI) was
acquired and sampled at 1,024 Hz. Single trial epochs
were selected from the data stream at 100 ms pre- and
500 ms post-stimulus intervals and low-pass filtered at
20 Hz using zero phase shift inverse fast Fourier transfor-
mations digital filtering. For each subject, a grand aver-
age of all single trials obtained during the session
provided pilot latencies for identifying negative (N150)
and positive (P250) EEG peaks. Using these pilot latencies
as guides, an in-house software routine identified local
minimum and maximum peaks and recorded the corre-
sponding amplitudes. The peak-to-peak amplitudes pro-
vided single trial SEP values for subsequent analysis.
Single trial PDR amplitudes derived from the continu-

ous pupil diameter data collected using an ISCAN RK
416 infrared pupillometry system (ISCAN, Inc., Woburn,
MA) sampled at 256 Hz. An in-house software system
built in LabView (National Instruments, Austin, TX) iden-
tified and removed eye blinks with interpolation. Identi-
fying single trials as the segment beginning 500 ms
before and continuing 2 seconds after a stimulus event,
we obtained grand averages for each subject and identi-
fied pilot peak latencies corresponding to a baseline la-
tency prior to the response (typically within 500 ms
after the stimulus) and a peak (usually around 1,250 ms
after the stimulus). An in-house software routine identi-
fied local maximum peaks for single trials and calculated
the difference between the peak and baseline amplitude
measurements to provide single trial PDR amplitudes for
subsequent analysis.
We collected continuous skin conductance measures

using 2 silver/silver chloride recording electrodes filled
with electroconductive paste (.5% saline in a neutral
base, EC33 paste, Grass Technologies, West Warwick, RI)
placed at the proximal thenar and hypothenar emi-
nences of the palmar surface of the dominant (nonstimu-
lated) hand. A Grass SCA1 system provided isolated
constant DC voltage of .5 V to the recording electrodes.
The conditioned and amplified signal (Grass Model 12
Neurodata Acquisition System) was acquired and sam-
pled at 256 Hz using LabView acquisition hardware and
in-house software written in LabView. For each subject,
single trials, identified as the segment beginning 500
ms before and continuing 4 seconds after a stimulus
event, were averaged andmanually inspected to identify
pilot baseline (usually around 1 second poststimulus) and
peak latencies (usually around 3.5 seconds poststimulus).
Using the pilot latencies as a guide, an in-house software
routine identified local baselines and maximum peaks
for single trials. The calculated difference in baseline
and peak amplitudes provided the single trial SCR values
for subsequent analysis.
Outcome Measures
Psychophysiological arousal indicators served as the

primary outcome measures of response to painful
stimulation. SEP provided an indicator of central nervous
system arousal, and SCR and PDR provided indicators
of peripheral sympathetic nervous system arousal respo-
nses. The Tellegen Absorption Scale (TAS) and the
Spielberger State-Trait Anxiety Inventory-Trait (STAI-T)
instruments yielded secondary outcomes that could po-
tentially clarify individual differences in ability to engage
in a task. The TAS is a validated measure assessing open-
ness to absorbing experiences as a personality trait.38 It
has proven effective at predicting successful stress-
related anxiety reduction using visual imagery.22 The
STAI scale is a well-validated measure of persistent anxi-
ety as a personality characteristic.36 As a manipulation
check for task difficulty, we recorded accuracy (number
of correct detections – number of false alarms = task-
performance accuracy) and response time (latency to
report errors for correct responses) measures in each lis-
tening task block. We elected not to collect subjective
pain ratings following stimulations because providing
self-reports of pain would conflict with task conditions.
We wished to foster an environment in which partici-
pants could perform effective constructions of the task
performance that might compete with that of noxious
stimulation. Instructions to rate pain might undermine
that effort.
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Study Procedures
Before testing, participants practiced the music listen-

ing task and set stimulus levels. Participants selected their
favored familiar melody and were instructed to track the
melody and report aloud saying ‘‘Bad’’ when detecting
adeviant tonebutnot to respondwhendetectinganomit-
ted tone. Participants were to report as quickly and accu-
rately as possible. During music task training, participants
practiced the task (without background tones) until
achieving 100% accuracy. Easy Task background tones
were then introduced and relative sound levels of themel-
ody and background were adjusted and participants prac-
ticed the task until achieving 95% performance. Next,
participants practiced theHard Taskuntil reaching 80%ac-
curacy. If necessary, we adjusted sound levels for both task
levels until subjects performed at the prescribed perfor-
mance level. For most participants the training process re-
quired 3 or fewer attempts at each task level and no
participants failed to reach the performance criteria.

Data Analysis
To test the conceptual model representing effects of

task engagement and stimulus response on arousal,
we rely on the operational definition of engagement
as the linear rate of change in response per increase
in music task level. Changes in linear response trend
with respect to task level as a function of other experi-
mental or measured variables correspond to engage-
ment effects. Changes with respect to stimulus
intensity, modeled as a quantitative factor with 3 levels,
correspond to stimulus response effects. The statistical
model represented trait anxiety and absorption as lin-
ear fixed effects that interacted with the level and
rate of change of the response, allowing response trend
lines to vary with every unique combination of trait and
absorption. Exploratory analyses revealed large system-
atic individual differences in rates of change in the re-
sponses with respect to stimulus and trial index, so
the formal analysis modeled this variability as random
subject effects about the fixed population average ef-
fects. To control further for lack of independence in re-
peated measures on the same individuals, we also
included a random subject intercept effect, which was
allowed to correlate with the other 3 random subject
effects. We controlled for habituation or sensitization
occurring over the course of the experiment and multi-
ple stimulations, using the logarithm (based on explor-
atory graphs of the time trend) of trial index as
a quantitative covariate.
For each response variable, the full statistical model was

Yiabt ¼ Baseline1ðStimulus EffectÞi
1ðTrial EffectÞi1ðTask Effectja;bÞ
1ðerrorÞmabi1b1iSitInðtÞ1b3abXit1Siabt

½mabi; b1ib2i� �MVNf½mabi; b1; b2� ;Sg;Siabt � N
�
0; s2

�

Where Yiabt is the response observation for subject i,
with Anxiety a and Absorption b, on trial t
mabi is the Expected Value of Y for Anxiety a, Absorp-
tion b, Stimulus (S) = 0, and Music Task (X) = 0.
Sit = 0,1,2 is the stimulus level received by Subject i on

trial t
b1i is the Stimulus regression coefficient for Subject i
b2i is the habituation/sensitization regression coeffi-

cient for Subject i
Xit = 0,1,2 is the music task level for Subject i on trial t
b3ab is theMusic Task regression coefficient for Anxiety

a and Absorption b
εiabt is the error for subject i, Anxiety a, Absorption b,

on trial t, and
S is the unrestricted covariance matrix of the random

effects.
The mixed effects model provides standard errors

and hypothesis tests that correctly adjust for depen-
dence over repeated measures. The fixed effect esti-
mates for factors and covariates can be interpreted
similarly to those from ordinary analysis of variance
and regression.
The resultingmixed effectsmodels were analyzedwith

SPSS 18 (SPSS Inc., Chicago, IL) and SAS 9.2 Proc Mixed
(SAS Institute, Inc., Cary, NC), under a modified back-
wards elimination strategy. The initial model included
all random effects and all interactions among the fixed
effects. After removing any nonsignificant random ef-
fect variances, we removed the least significant fixed ef-
fect, 1 step at a time, until all remaining fixed and
random effects were significant, retaining all compo-
nents of any significant interaction term. The P-values
for fixed effects were evaluated under maximum likeli-
hood using F-tests and Satterthwaite denominator de-
grees of freedom. Hypothesis tests for random effect
variance components were evaluated in likelihood ratio
tests between nested models.
Results
Participants’ ages ranged from 18 to 55 with amean of

29 (Table 1). All but 1 participant fell within the reported
normal range for absorption asmeasured by the TAS.32 A
total of 15 participants had STAI-T scores at or above 45,
a reported threshold for high anxiety.19

We provide means and standard deviations (s.d.) for
the unadjusted response data (Table 2) but caution that
these summary values average over potentially impor-
tant interactions. A key hypothesis in this study is that re-
lationships change as a function of the individual
characteristics of absorption and anxiety. Also, the re-
sponse may vary strongly as a function of stimulus inten-
sity, and may manifest habituation or sensitization with
repeated stimulation. We provide appropriate controls
for these interacting factors in the primary analysis
models, but these cannot be simultaneously portrayed
in an intelligible and simple summary of the raw data. In-
spection of detailed exploratory descriptive plots sug-
gested that linear approximations well characterized
both stimulus and task effects. In general, any departures
from linearity fell within the confidence limits. As argued
above, the operational definition of engagement as
a linear slope conveys the concept consistently and



Table 1. Description of Participants by Age and
Personality Factors

MEAN MINIMUM MAXIMUM SD

Age 28.98 18 55 6.94

STAI-T 34.31 20 62 7.86

TAS 19.85 3 34 7.06

Abbreviations: SD, standard deviation; STAI-T, Spielberger State-Trait Anxiety

Inventory; TAS, Tellegen Absorption Scale.
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parsimoniously in a single number, greatly simplifying
analysis and interpretation.
Following the backwards elimination strategy out-

lined above (Data Analysis), we found that a mixed ef-
fects model that included stimulus level, task condition,
and their interaction and that allowed for random ef-
fects of habituation/sensitization provided the best fit
to the SEP data. All effectswere significant (P < .0005). In-
spection of the intercepts and rates of change in SEP for
unit increases in task condition revealed highly signifi-
cant (P < .0005) negative slopes (ie, decreasing response
with increasing task demand), with greater rates of re-
duction in SEP (larger negative slopes) with increasing
stimulus level (P < .0005; Fig 4). Personality measures
for anxiety and absorption failed to contribute signifi-
cantly to the SEP model.
Themixed effects models providing the best fit to both

the PDR and SCR data revealed significant 3-way interac-
tions between task condition and personality measures
of trait anxiety and absorption (P < .0005) as well as sig-
nificant effects for habituation/sensitization (P < .0005).
These interactions indicated that the net engagement
effects differed for each unique combination of absorp-
tion and anxiety scores. A main effect for stimulus level
emerged (P < .0005) but no interactions involving stimu-
lus level proved significant.
Because net engagement, operationally defined as the

slope of the linear trend in the measure with respect to
task demand, differed as a function of absorption and
anxiety, we used model-based specific comparisons at
key covariate values to describe the changing values of
these regression coefficients. We inspected intercepts
Table 2. Means and Standard Deviations for Physio
Condition, and Task Performance

MEASURE

STIMULUS LEVEL

LOW MEDIUM H

SEP (mVolts) 13.49* (22.05) 23.86* (25.04) 33.01*

PDR (mm) .053* (0.30) .117* (.31) .239*

SCR (mMhos) .223* (.34) .293* (.39) .466*

Task performance

Response time (ms)

Accuracy (%)

Abbreviations: SEP, stimulus evoked potential; PDR, pupil dilation response; SCR, skin

*Main effects for stimulus level P < .0005.

yMain effect for task condition P < .0005.

zMain effect for task condition P < .01.
and slopes for rates of change in PDR and SCR for unit in-
creases in task condition at multiple values of trait anxi-
ety and absorption. For illustrative purposes, we show
only the more extreme and midrange values of trait anx-
iety and absorption (Table 3). The rate of change in PDR
decreased as absorption increased such that persons hav-
ing high anxiety and low absorption had increasing PDR
with increasing task level, whereas high anxiety persons
who also scored high on absorption had decreasing PDR
with increasing task level. PDR slopes for high anxiety
persons with moderate absorption scores fell between
these 2. Interestingly, the opposite effect was seen for
low anxiety persons: if also low absorbers, their PDR
slopes decreased with increasing task level whereas if
high absorbers, their PDR slopes increased, with moder-
ate absorbers falling between. These results were
contrary to the prediction that low anxiety/high absorp-
tionwould produce the highest net engagement (largest
negative slope). Similar to high anxiety persons, persons
with moderate anxiety had PDR slope patterns that de-
creased with increasingly higher absorption. By compar-
ison, low anxiety/low absorbers showed a much reduced
PDR responsewith increasing task. Fig 5 presents the pat-
terns of change in slope for each combination of anxiety
� absorption. As there was no interaction with stimulus
level, slopes by stimulus level at each anxiety � absorp-
tion values tested are parallel, differing only by the ini-
tial value (intercept), with intercepts increasing with
increasing stimulus level.
Patterns of change in slopes for SCR by each anxiety �

absorption pair appear in Fig 6. Overall, SCR tended to in-
crease with increasing task demand; however, the rate of
change varied widely depending on anxiety and absorp-
tion values. The rate of increase in SCR was highest for
high anxiety/low absorbers (slope = 12.54, S.E. = 2.22)
and lowest for high anxiety/high absorbers (slope= .11,
S.E.= 1.63) (Table 3). Thus, for high anxiety participants,
if they were also low absorbers, they experienced the
highest increases in SCR arousal with increasing task de-
mand; if high absorbers, they experienced the lowest
rates of arousal. Slopes for high anxiety/moderate ab-
sorbers fell between these 2, suggesting a continuum
on absorption. No interaction with stimulus was found,
logical Responses by Stimulus Level and Task

TASK CONDITION

IGH NO TASK EASY TASK HARD TASK

(27.44) 25.58y (26.79) 21.50y (25.82) 21.15y (24.95)
(.37) .140 (.34) .136 (.34) .130 (.34)

(.48) .294 (.41) .396 (.44) .381 (.44)

555z (.08) 573z (.09)
90.5z (13.6) 86.9z (13.9)

conductance response.



Figure 4. Change in stimulus-evoked potential responses by
task condition and stimulus level. Slopes (standard errors) for lin-
ear estimates of change in SEP for unit increases in task demand
at each stimulus level: L =�1.54 (.24), M =�2.23 (.16), H =�2.92
(.25). Abbreviations: SEP, stimulus evoked potential; L, low;
M, moderate; H, high stimulus level.

Figure 5. Change in pupil response by task, trait anxiety, and
absorption at 3 stimulus levels. Adjusted mean slopes and inter-
cepts obtained at 3 values of Anxiety and Absorption: low (�2
sd), moderate (0 sd), and high (12 sd). Abbreviations: L, low;
M, moderate; H, high stimulus levels; C, control; E, easy;
H, hard task conditions; sd, standard deviation.

Bradshaw et al The Journal of Pain 1269
such that slopes varied only by level, with intercepts
increasing by increasing stimulus level.
Discussion
We investigated whether engaging in a music-

listening task varying in task demand produced a net
reduction in physiological measures of central and periph-
eral arousal. Our conceptual development led to an oper-
ational definitionof net engagement as a slope coefficient
in the regression of the response on music task demand.
Table 3. Rates of Change in Pupil and Skin Conducta
Trait Anxiety and Absorption

PDR

LOW

INTERCEPT (SE) SLOPE (SE) INTERCEPT

Absorption

Low 34.52 (3.50) �2.95 (1.54) 31.45 (2

Moderate 33.28 (2.20) �.60 (.67) 34.31 (1

High 32.05 (3.33) 1.75 (1.44) 37.18 (2

SCR

Absorption

Low 87.73 (8.03) 2.18 (1.76) 80.54 (5

Moderate 83.93 (5.80) 5.38 (.78) 82.30 (5

High 80.12 (7.90) 8.57 (1.70) 84.05 (5

Abbreviations: PDR, pupil dilation response; SE, standard error; SCR, skin conductan

NOTES. All values adjusted for habituation/sensitization; intercepts calculated at stimu

standard deviations in Spielberger State-Trait Anxiety Inventory-Trait measures; Abso

ations in Tellegen Absorption Scale measures.
We tested whether the magnitudes of these slope coeffi-
cients (net engagement proxies) varied as a function of ab-
sorption and anxiety, controlled for stimulus level and trial
habituation/sensitization effects. Statistical evaluation of
this question depends on testing and scaling the 3-way in-
teraction among task, absorption, and anxiety to address
the question: Do personal characteristics interact with
taskdemand to alter the engagement response?Although
many studies treat high-order interactions as nuisances,
this becomes a scientific question central to the present
study and thus cannot be simplified.
nce Responses by Task Condition at 3 Levels of

ANXIETY

MODERATE HIGH

(SE) SLOPE (SE) INTERCEPT (SE) SLOPE (SE)

.20) .87 (.67) 28.37 (4.05) 4.70 (1.88)

.85) �.21 (.29) 35.34 (2.22) .18 (.71)

.17) �1.30 (.65) 42.31 (3.20) �4.34 (1.37)

.80) 7.36 (.79) 73.34 (9.25) 12.54 (2.22)

.24) 5.85 (.35) 80.66 (5.84) 6.33 (.81)

.79) 4.34 (.78) 87.98 (7.68) .11 (1.63)

ce response.

lus level = high. Anxiety values obtained at�2 (Low), 0 (Moderate), and12 (High)

rption values obtained at �2 (Low), 0 (Moderate), and 12 (High) standard devi-



Figure 6. Change in skin conductance by task, trait anxiety, and
absorption at 3 stimulus levels. Adjusted mean slopes and inter-
cepts obtained at 3 values of Anxiety and Absorption: low (�2
sd), moderate (0 sd), and high (12 sd). Abbreviations: SCR, skin
conductance response; L, low; M, moderate; H, high stimulus
levels; C, control; E, easy; H, hard task conditions; sd, standard
deviation.
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We found that central arousal reliably decreased with
increasing task demand. The SEP slopes varied with stim-
ulus intensity with the largest reduction in SEP over task
level occurring at the highest stimulus intensity. Indica-
tors of peripheral arousal, PDR and SCR, suggested
a more complex story understood only by considering
personality factors. The 3-way interactions with anxiety
and absorption for PDR and SCR revealed very different
engagement responses depending upon individual per-
sonality characteristics. We predicted that low anxiety/
high absorbers would show the largest arousal decreases
with increasing task demand, reasoning that high ab-
sorption would allow more task engagement and low
anxiety would predict little interference from anxious
thoughts and feelings. In fact, this group showed the op-
posite effect: high anxiety/low absorbers had the lowest
net engagement. Rather, high anxiety/high absorbers
showed the greatest net engagement. These findings
imply that arousal from anxiety may improve engage-
ment, rather than interfering as predicted, especially
for persons with high absorption. In fact, low anxiety
appears to diminish the ability to engage, even for
high absorbers.
Although these interactions present a complex pattern

of relationships, we believe that the consistency in slopes
for the combination of anxiety/absorption found for both
PDR and SCR argues for a fairly simple and parsimonious
explanation when understood as describing the combina-
tion of stimulus-related arousal and task-related arousal
resulting in an indication of net engagement. That is,
stimulus-evoked arousal decreases with increasing task-
evoked arousal if engagement is effective but increases
with task if the task fails to engage.
What can we conclude from these results about the

effects of engagement on pain? Since we elected not
to collect pain ratings in order to avoid interfering
with engagement effects, we did not have subjective
pain report as an indicator. Our results indicate that
task performance reduced SEP and that these effects
were consistent across individuals. Some literature sug-
gests that SEP can provide a reliable surrogate for re-
ported pain,37 or perhaps only the affective but not
sensory aspects of pain. However, this interpretation re-
mains controversial.10 Donaldson et al13 have identified
a higher-order coordinated pattern of physiological re-
sponses that characterize a pain defense response and
argue that a failure to form this higher-order pattern
corresponds to reduced pain. The finding that PDR
and SCR response patterns differed substantially from
that for SEP suggests that the conditions for forming
a pain defense response did not arise during the
music-listening task.
The increased peripheral arousal with task level found

for some subjects might indicate correspondingly
greater experienced pain. However, whereas physiologi-
cal arousal corresponds to emotional intensity, emotion
labeling depends upon the object to which it is attrib-
uted.23 Thus, if subjects associated increased arousal to
effort on task rather than to stimulations, they would
not necessarily experience increased pain, even in high
anxiety/low absorption subjects having the largest task-
related arousal increases. Anecdotally, when interviewed
after completing the test session, most subjects reported
less pain during task performance.
Current thinking about anxiety differentiates anx-

ious arousal (threat-evoked hyperarousal and somatic
tension) and anxious apprehension (AA) (threat-in-
duced ruminative thoughts).31 In this view, anxious
arousal high anxiety participants might show greater
emotional arousal evidenced by higher SCR, whereas
AA participants might display greater cognitive
arousal and higher PDR. The STAI-T measure typically
performs better identifying AA.31 This suggests that
high anxiety/low absorbers’ ruminative thoughts
about threat would interfere with their ability to en-
gage in the task whereas high anxiety/high absorbers
might engage well, even benefiting by having a task
on which to direct their thoughts. High anxiety partic-
ipants may have experienced task anxiety as well and
this may have been the source of anxiety reflected in
their arousal measures. For high absorbers, perfor-
mance anxiety may actually enable more effective en-
gagement.
Anxiety, particularly when coupled with pain cata-

strophizing, may interfere with pain distraction tech-
niques, rendering them ineffective.4,7,40 Studies have
shown that catastrophizing contributes to failure to
disengage attention from pain cues.34,39 Brain-imaging
research confirms these findings, showing that anxiety
biases attentional networks (eg, amygdala-prefrontal
circuits) towards activation of threat-related representa-
tions and contributes to underactivation of alternative
non-threat-related representations.2 However, emerg-
ing work suggests an initial anxiety-provoked atten-
tional bias may be followed by a defensive response
that activates attentional orientation towards positive
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events that present a defense mechanism reducing neg-
ative anxiety-associated mood states. This defensive re-
sponse mechanism seems particularly robust in high
anxiety individuals.29 Our results indicate that ability to
absorb in a task may improve one’s chances for reducing
pain by engagement, even, or especially, if one has
a strong tendency for anxious rumination. This conclu-
sion is further supported by work showing that anxiety
can have pain-reducing effects, particularly if attention
is directed toward an anxiety-provoking (but nonpain-
ful) object.17

Several studies have investigated effects of task perfor-
mance on pain and effects of pain on task performance
in the same experiment. These studies consistently
show that pain interferes with task performance, partic-
ularly if the threat value of pain is high.12,14 These
findings may explain the low engagement found with
high anxiety/low absorbers, suggesting that anxiety
interfered with task engagement more readily due to
low capacity for absorption.
For this study, we selected a music-listening task be-

cause it provided several characteristics essential for ef-
fective engagement for pain reduction: 1) acoustic
properties of music activate sensory pathways that com-
pete with nociceptive pathways; 2) music listening, espe-
cially when done actively, requiring complex cognitive/
attentional processes; 3) motor assembly processes to de-
liver speeded responses; and 4) affective/motivational
processes associated with performance expectations
and properties of the music that may innately and auto-
matically activate emotional associations.20 Finally, this
activity could be maintained over an extended time pe-
riod (most test sessions lasted 30 minutes or more) with
consistent performance. According to constructivist the-
ory, an activity that is sufficiently engaging to compete
with pain must be contextually rich, dynamic, and com-
plex enough to be engaging intellectually and meaning-
ful enough to be engaging emotionally and
motivationally. Music listening meets these requirements
for most people.21 Music has been widely used for pain
relief but a review of its efficacy found only small
benefit.8 Music’s effects have been attributed to distrac-
tion30 or its ability to evoke emotion.33 Most studies fail
to appreciate the important contributions of prefer-
ence,30 familiarity,28 and emotional connection.27 The
relevance of a goal and the motivation for pursuing it
may play a significant role in the capacity of a task to
modulate pain.24,41 The importance of motivation has
been demonstrated for behavioral pain-relief interven-
tions.43 Music listening can be intrinsically motivating,
and when combined with a task and monitored perfor-
mance, particularly compelling.
Limitations, Implications, and Future
Research
This study lacked a no-stimulus task condition provid-

ing task performance baseline arousal measures that
could then be compared with arousal during stimulus-
no task and stimulus-task conditions. The study as de-
signed allowed only extrapolations from responses to
noxious stimulation under different task conditions to
impute changes in arousal to stimulation or task condi-
tions but not direct measures of each. Noxious stimula-
tion produced phasic physiological changes that were
easily detected in this study; responses to musical events
prove more difficult to detect. In preliminary work, our
attempts to identify responses to musical events failed
largely because signal changes were small and easily
swamped by the larger responses to noxious stimuli. Fu-
ture studies must synchronize events carefully to assure
ability to detect and separate responses from different
modalities. Analytical methods that can disambiguate
convolved signals may prove effective for this purpose.1

Finally, corroborating these results with subjective pain
report that only minimally interferes with engagement
is warranted.
We limited the auditory stimuli used for the listening

task to simple melodies to assure that subjects knew
them well and could easily generate and track memory
representations to detect errors. Although background
tones provided a context formanipulating task difficulty,
the result admittedly did not provide a pleasing listening
environment. A listening activity that provides a more
pleasant emotional experience might provide more ef-
fective engagement.
The question of music engagement’s ability to relieve

pain has no simple answer. In this study, trait anxiety
and ability to absorb in a task contributed significantly
to how well music engagement reduced stimulus
arousal. Our results suggest that engaging activities
like music listening may be most effective for reducing
pain in high anxiety persons who can easily become ab-
sorbed in activities. These findings build on results from
studies showing anxiety, fear of pain, catastrophizing,
and motivation influence effectiveness of behavioral in-
terventions for pain relief. The interaction of anxiety and
absorption is a new finding and suggests that these per-
sonality characteristics should be considered when rec-
ommending engagement for pain relief. Since this
study did not assess fear of pain or catastrophizing in
participants, this limitation precludes drawing any con-
clusions regarding potential influences of these person-
ality characteristics on the potential effectiveness of
engagement.
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