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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 processes 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
(SEP), pupil dilation (PDR) and skin conductance (SCR) responses to noxious electrocutaneous
stimulations as indicators of central and peripheral arousal, respectively. Trait anxiety (Spielberger
State-Trait Anxiety Inventory) and absorption (Tellegen Absorption Scale) provided indicators of
individual differences. One hundred fifty-three healthy normal volunteers participated in a test
session in which they received three stimulus intensity levels while listening to background tones
(No Task) or performing a music listening task. Linear slopes indicating net engagement (change
in stimulus arousal relative to task performance) decreased with increasing task demand and
stimulus level for SEP. Slopes for PDR and SCR varied with task demand, anxiety, and
absorption, with the largest engagement effect occurring for high anxiety/high absorption
participants. Music engagement reduces pain responses, but personality factors like anxiety and
absorption modulate the magnitude of effect.
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Introduction
Behavioral methods for relieving pain often use engagement in task performance, with
graded increases 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 competing stimuli, as the primary mechanism of effect.
Unfortunately, the results from distraction studies are inconsistent likely due to poor
attentional control or differences in pain characteristics.6 Variable effectiveness may also
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depend on the task’s cognitive demands,35 arousal characteristics14 or differences in
personality characteristics.6 For example, anxiety may interfere with task performance 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 processes
including executive function and memory.5, 25, 46 This conceptual approach restricts itself to
cognitive/attentional engagement. We view distraction as one component within an
overarching framework that broadens the conceptualization of engagement. In this
framework, based on constructivist theory, 44 engagement applies to gradations in a range of
contextually rich, dynamic and complex experiences that influence pain perception. The
distraction model assumes that pain is a fully formed perception and that a competing
perception pulls the subject away from pain. Taking a holistic view of experience, the
constructivist position subsumes 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 re-constructs short-lived
perceptual wholes from arrays 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 subject is able to produce.

We propose a conceptual model that addresses the combined effects of stimulus and task
performance on arousal (Figure 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 relation to unit change in stimulus level,
represented as Stimulus Response in the model. Task effects are revealed through change in
arousal corresponding to unit change in task demand, represented as Task Engagement.
Personality characteristics such as anxiety and absorption can affect arousal directly or
indirectly through their effects on Task and/or Pain constructions.

The present study investigates how engaging in listening to music might affect physiological
responses to normally 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 engagement advantage producing large task-mediated reductions in arousal,
whereas high anxiety and low absorption should be the least advantageous for engagement.
A separate study conducted in our laboratory using a different group of participants
(Bradshaw et al., submitted for publication) 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 indicators, it was
under-powered 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 completing the test session. Ten participants failed to complete due to
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equipment or software failure. Participants were 18 years or older, healthy and free of
chronic pain, not using psychoactive or blood pressure medication, and had normal hearing
as confirmed by audiometric testing (Earscan 3 Screening Audiometer, Micro Audiometrics,
Murphy, NC). Volunteers consented to participate according to the University of Utah
Institutional Review Board approved protocol and in accordance with the ethical standards
established in the 1964 Declaration of Helsinki. Participants were compensated for their
time spent in the study.

Design
The design for this study comprised multivariate repeated measures having two within
subjects manipulated factors, stimulus level and task with three levels of stimulus intensity:
low, moderate, and high intensity, and three 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 eight blocks of trials, with four blocks of No Task and two blocks each
of Easy and Hard Task conditions. 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 occurred at three intensity levels varying
in random order with equal numbers of trials delivered at each intensity over each block.
The inter-trial interval for stimuli varied randomly from 8 to 11 seconds.

Operational Definition of Engagement
The construct of engagement is not directly observable and measurable, since it is a process
inferred from relationships among interacting conditions and variables, in this case, stimulus
and task. For purposes of experimental study, we propose the following operational
definition: Engagement, as we have operationalized it, is the rate of change observed in the
physiological variable measured in response to a stimulus per unit change in task level.
Conceptually, its value may increase, decrease, or remain unchanged with increasing task
demand, relative to the baseline control condition (No Task). This rate of change value, may
vary across people, across different kinds of tasks, and across different choices for levels of
the same task. In this experiment, we selected one type of task (error detection in musical
passages) with three 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 three 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.

Figure 2 illustrates the operational definition. A linear fit defines two parameters, an
intercept and slope, for each subject. The intercept corresponds to the response obtained at
the baseline control condition in which there is no task demand. The slope defines the rate of
change per unit change in task demand. A negative slope signals attenuation, as increasingly
demanding tasks reduce the response evoked by the stimulus compared with the control
condition. A positive slope indicates amplification corresponding to increasing response
with increased task demand relative to the control. Strictly speaking, we refer to net
attenuation and net amplification, since the same task may induce competing processes such
as heightened arousal relative to the task but reduced arousal relative to the stimulus.
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Amplification and attenuation combine in a single net observed effect We define a net
decrease in arousal with increasing task demand, or net attenuation, as net engagement,
reasoning that a decreasing response to the stimulus with increasing task demand indicates
greater task engagement.

Music Listening Task
The music listening task demand varied on two dimensions: structural complexity of the
auditory signal and difficulty of the listening task (Figure 3). The music listening task
conditions consisted of an auditory analog to the familiar visual figure-ground perceptual
challenge. The auditory figure comprised a familiar melody (e.g., “Twinkle, twinkle, little
star”) presented at a rate of one tone per second. The background comprised two series of
random tones varying over a 6 semitone range and sounding above and below the pitch
range of the melody. Background tones occurred at twice the rate of the melody tones.
Melody tones were selected at random to either deviate by 12 semitones (one octave) from
the normally occurring pitch frequency or to be omitted (frequency = 0). The listening task
was to track the melody 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 compared 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 ±12 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. During pre-test training,
we optimized the loudness adjustments 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 amplitudes to assure equal loudness across the
entire frequency 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 select a single favored tune
from a list of experimenter provided simple children’s songs.

Dolorimetry
We delivered safe but noxious stimuli to subjects using a modified version of a standard
laboratory pain stimulation technique.3 As a stimulation electrode, we inserted a standard
prick lancetter (Bayer No. 170400 B03) having a 1mm triangular tip in the stratum corneum
of a fingertip on the subject’s non-dominant 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 square wave constant current pulse delivered to the
fingertip by a Grass S-44 stimulator (Grass Technologies, West Warwick, RI) and a stimulus
isolation unit connected in series. Stimulus levels for testing were established for each
subject, based on the subject’s pain threshold and tolerance. To establish pain threshold and
tolerance, we stimulated the fingertip with gradually increasing stimulus intensity and asked
subjects to indicate the point at which they first felt slight pain and the point at which they
did not wish to receive higher intensity stimulation. This procedure repeated,, as needed
(usually three repetitions), until subjects reported just detectable pain and maximum pain at
within 0.1% deviation in stimulus intensity. We identified pain threshold as the intensity at
which the subject first consistently reported slight pain, and pain tolerance as the maximum
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intensity the subject was willing to receive. Using the range in current 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 nociceptive 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
demand.43 Skin conductance response (SCR) is a reliable indicator of autonomic arousal
corresponding to changes in emotional states such as anxiety.11 SCR may prove more
responsive to detecting differences corresponding to personality indicators of anxiety.
Several studies have reported that, although diverting attention away from painful stimuli
reduces reported pain, arousal indicators such as SCR nevertheless increase.17 Thus, we
predicted that increasing task demand would reduce physiological responses to painful
stimulation but recognized that task performance itself may generate an arousal response,
particularly in SCR.

Psychophysiological Data Collection
Changes in electroencephalographic (EEG), skin conductance response (SCR), and pupil
diameter response (PDR) data streams time-locked with stimulus onsets provided indicators
of psychophysiological responses to noxious events. We collected EEG data continuously
from a single low impedance silver/silver chloride recording 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
Acquisition System, Grass Technologies, West Warwick, RI) was acquired and sampled at
1024 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 transformations (FFT) digital filtering. For each subject, a grand average 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
corresponding amplitudes. The peak-to-peak amplitudes provided single trial stimulus
evoked potential (SEP) values for subsequent analysis.

Single trial pupil dilation response (PDR) amplitudes derived from the continuous 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) identified and removed eye blinks with interpolation.
Identifying single trials as the segment beginning 500ms before and continuing 2 sec after a
stimulus event, we obtained grand averages for each subject and identified pilot peak
latencies corresponding to a baseline latency prior to the response (typically within 500ms
after the stimulus) and a peak (usually around 1250 ms after the stimulus). An in-house
software routine identified 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 two silver/silver chloride
recording electrodes filled with electroconductive paste (0.5% saline in a neutral base, EC33
paste, Grass Technologies, West Warwick, RI) placed at the proximal thenar and hypothenar
eminences of the palmar surface of the dominant (non-stimulated) hand. A Grass SCA1
system provided isolated constant DC voltage of 0.5 V to the recording electrodes. The
conditioned and amplified signal (Grass Model 12 Neurodata Acquisition System) was
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acquired and sampled 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 sec after a stimulus event, were averaged and manually
inspected to identify pilot baseline (usualy around 1 sec post-stimulus) and peak latencies
(usually around 3.5 sec post-stimulus). 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 (CNS) arousal,
and SCR and PDR provided indicators of peripheral sympathetic nervous system (SNS)
arousal responses. The Tellegen Absorption Scale (TAS), and the Spielberger State-Trait
Anxiety Inventory-Trait (STAI-T) instruments yielded secondary outcomes that could
potentially clarify individual differences in ability to engage in a task. The TAS is a
validated measure assessing openness 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 anxiety 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 listening 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 participants could perform effective constructions of the task performance that
might compete with that of noxious stimulation. Instructions to rate pain might undermine
that effort.

Study Procedures
Before testing, participants practiced the music listening 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 a deviant tone but not to respond when
detecting an omitted tone. Participants were to report as quickly and accurately 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 the melody and background were adjusted and participants practiced the task
until achieving 95% performance. Next, participants practiced the Hard Task until reaching
80% accuracy. If necessary, we adjusted sound levels for both task levels until subjects
performed at the prescribed performance level. For most participants the training process
required three 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 experimental or measured variables correspond to
engagement effects. Changes with respect to stimulus intensity, modeled as a quantitative
factor with three levels, correspond to stimulus response effects. The statistical model
represented trait anxiety and absorption as linear 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 systematic
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individual differences in rates of change in the responses with respect to stimulus and trial
index, so the formal analysis modeled this variability as random subject effects about the
fixed population average effects. To control further for lack of independence in repeated
measures on the same individuals, we also included a random subject intercept effect, which
was allowed to correlate with the other three random subject effects. We controlled for
habituation or sensitization occurring over the course of the experiment and multiple
stimulations, using the logarithm (based on exploratory graphs of the time trend) of trial
index as a quantitative covariate.

For each response variable, the full statistical model was

Yiabt = Baselinei + (Stimulus Effect)i + (Trial Effect)i + (Task Effect|a, b) + (error) μabi +
β1iSit ln(t) + β3abXit + εiabt, [μabi, β1i,β2i]'~MVN([μab, β1,β2]',Σ), εiabt~N(0,σ2)

Where Yiabt is the response observation for subject i, with Anxiety a and Absorption b,
on trial t

μabi is the Expected Value of Y for Anxiety a, Absorption b, Stimulus (S) = 0, and
Music Task (X) = 0.

Sit =0,1,2 is the stimulus level received by Subject i on trial t

β1i is the Stimulus regression coefficient for Subject i

β2i is the habituation/sensitization regression coefficient for Subject i

Xit = 0,1,2 is the music task level for Subject i on trial t

β3ab is the Music Task regression coefficient for Anxiety a and Absorption b

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

Σ is the unrestricted covariance matrix of the random effects.

The mixed effects model provides standard errors and hypothesis tests that correctly adjust
for dependence over repeated measures. The fixed effect estimates for factors and covariates
can be interpreted similarly to those from ordinary analysis of variance and regression.

The resulting mixed effects models were analyzed with SPSS 18 (SPSS Inc., Chicago, IL)
and SAS 9.2 Proc Mixed (SAS Institute, Inc., Cary, NC), under a modified backwards
elimination strategy. The initial model included all random effects and all interactions
among the fixed effects. After removing any nonsignificant random effect variances, we
removed the least significant fixed effect, one step at a time, until all remaining fixed and
random effects were significant, retaining all components of any significant interaction term.
The p-values for fixed effects were evaluated under maximum likelihood using F-tests and
Satterthwaite denominator degrees 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 a mean of 29 (Table 1). All but one participant
fell within the reported normal range for absorption as measured by the TAS.32 A total of 15
participants had STAI-Trait 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 important interactions. A key
hypothesis in this study is that relationships change as a function of the individual
characteristics of absorption and anxiety. Also, the response may vary strongly as a function
of stimulus intensity, and may manifest habituation or sensitization with repeated
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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. Inspection of detailed exploratory descriptive plots suggested 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
parsimoniously in a single number, greatly simplifying analysis and interpretation.

Following the backwards elimination strategy outlined above (Data Analysis), we found that
a mixed effects model that included stimulus level, task condition, and their interaction and
that allowed for random effects of habituation/sensitization provided the best fit to the SEP
data. All effects were significant (p<0.0005). Inspection of the intercepts and rates of change
in SEP for unit increases in task condition revealed highly significant (p<0.0005) negative
slopes (i.e., decreasing response with increasing task demand), with greater rates of
reduction in SEP (larger negative slopes) with increasing stimulus level (p<0.0005, see
Figure 4). Personality measures for anxiety and absorption failed to contribute significantly
to the SEP model.

The mixed effects models providing the best fit to both the PDR and SCR data revealed
significant three-way interactions between task condition and personality measures of trait
anxiety and absorption (p<0.0005) as well as significant effects for habituation/sensitization
(p<0.0005). These interactions indicated that the net engagement effects differed for each
unique combination of absorption and anxiety scores. A main effect for stimulus level
emerged (p<0.0005) but no interactions involving stimulus 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 and slopes for rates of
change in PDR and SCR for unit increases in task condition at multiple values of trait
anxiety and absorption. For illustrative purposes, we show only the more extreme and mid-
range values of trait anxiety and absorption (Table 3). The rate of change in PDR decreased
as absorption increased such that persons having 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 two. 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 moderate absorbers falling between. These results were contrary to the prediction that
low anxiety/high absorption would produce the highest net engagement (largest negative
slope). Similar to high anxiety persons, persons with moderate anxiety had PDR slope
patterns that decreased with increasingly higher absorption. By comparison, low anxiety/low
absorbers showed a much reduced PDR response with increasing task. Figure 5 presents the
patterns 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 × absorption values
tested are parallel, differing only by the initial value (intercept), with intercepts increasing
with increasing stimulus level.

Patterns of change in slopes for SCR by each anxiety × absorption pair appear in Figure 6.
Overall, SCR tended to increase with increasing task demand, however, the rate of change
varied widely depending on anxiety and absorption 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= 0.11, s.e.= 1.63)(Table 3). Thus, for high anxiety
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participants, if they were also low absorbers, they experienced the highest increases in SCR
arousal with increasing task demand; if high absorbers, they experienced the lowest rates of
arousal. Slopes for high anxiety/moderate absorbers fell between these two, suggesting a
continuum on absorption. No interaction with stimulus was found, 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 peripheral arousal. Our
conceptual development led to an operational definition of net engagement as a slope
coefficient in the regression of the response on music task demand. We tested whether the
magnitudes of these slope coefficients (net engagement proxies) varied as a function of
absorption and anxiety, controlled for stimulus level and trial habituation/sensitization
effects. Statistical evaluation of this question depends on testing and scaling the three-way
interaction among task, absorption, and anxiety to address the question: Do personal
characteristics interact with task demand 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.

We found that central arousal reliably decreased with increasing task demand. The SEP
slopes varied with stimulus intensity with the largest reduction in SEP over task level
occurring at the highest stimulus intensity. Indicators of peripheral arousal, PDR and SCR,
suggested a more complex story understood only by considering personality factors. The
three-way interactions with anxiety and absorption for PDR and SCR revealed very different
engagement responses depending upon individual personality characteristics. We predicted
that low anxiety/high absorbers would show the largest arousal decreases with increasing
task demand, reasoning that high absorption would allow more task engagement and low
anxiety would predict little interference from anxious thoughts and feelings. In fact this
group showed the opposite 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 engagement, 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 combination 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
suggests that SEP can provide a reliable surrogate for reported pain 37, or perhaps only the
affective but not sensory aspects of pain.45 However, this interpretation remains
controversial.10 Donaldson et al. have identified a higher-order coordinated pattern of
physiological responses that characterize a pain defense response and argue that a failure to
form this higher-order pattern corresponds to reduced pain.13 The finding that PDR and SCR
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response patterns differed substantially from that for SEP suggest 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 physiological arousal
corresponds to emotional intensity, emotion labeling depends upon the object to which it is
attributed.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 anxious arousal (AR) (threat-evoked hyper-
arousal and somatic tension) and anxious apprehension (AA) (threat-induced ruminative
thoughts).31 In this view, AR 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-Trait measure typically performs better identifying AA.31 This
suggests that high anxiety/low absorbers’ ruminative thoughts about threat would interfere
with their ability to engage 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
participants may have experienced task anxiety as well and this may have been the source of
anxiety reflected in their arousal measures. For high absorbers, performance anxiety may
actually enable more effective engagement.

Anxiety, particularly when coupled with pain catastrophizing, may interfere with pain
distraction techniques 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
(e.g., amygdala-prefrontal circuits) towards activation of threat-related representations and
contributes to under-activation of alternative non-threat-related representations.2 However,
emerging work suggests an initial anxiety-provoked attentional bias may be followed by a
defensive response that activates attentional orientation towards positive events that present
a defense mechanism reducing negative anxiety-associated mood states. This defensive
response 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
conclusion is further supported by work showing that anxiety can have pain-reducing
effects, particularly if attention is directed toward an anxiety provoking (but non-painful)
object.17

Several studies have investigated effects of task performance on pain and effects of pain on
task performance in the same experiment. These studies consistently show that pain
interferes with task performance, particularly 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 because it provided several characteristics
essential for effective engagement for pain reduction: 1) acoustic properties of music
activate sensory pathways that compete with nociceptive pathways; 2) music listening,
especially when done actively, requiring complex cognitive/attentional processes; 3) motor
assembly processes to deliver speeded responses; and 4) affective/motivational processes
associated with performance expectations and properties of the music that may innately and
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automatically activate emotional associations.20 Finally, this activity could be maintained
over an extended time period (most test sessions lasted 30 minutes or more) with consistent
performance. According to constructivist theory, an activity that is sufficiently engaging to
compete with pain must be contextually rich, dynamic, and complex enough to be engaging
intellectually and meaningful 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 distraction30 or its ability to evoke emotion.33 Most studies fail to appreciate
the important contributions of preference,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 interventions.42 Music listening can be intrinsically
motivating, and when combined with a task and monitored performance, particularly
compelling.

Limitations, Implications, and Future Research
This study lacked a no-stimulus task condition providing task performance baseline arousal
measures that could then be compared with arousal during stimulus-no task and stimulus-
task conditions. The study as designed allowed only extrapolations from responses to
noxious stimulation under different task conditions to impute changes in arousal to
stimulation or task conditions but not direct measures of each. Noxious stimulation 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. Future 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, could easily generate and track memory representations to detect
errors. Although background tones provided a context for manipulating 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 effective 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 absorbed in activities. These findings build on results from studies showing anxiety,
fear of pain, catastrophizing, and motivation influence effectiveness of behavioral
interventions for pain relief. The interaction of anxiety and absorption is a new finding and
suggests that these personality characteristics should be considered when recommending
engagement for pain relief. Since this study did not assess fear of pain or catastrophizing in
participants this limitation precludes drawing any conclusions regarding potential influences
of these personality characteristics on the potential effectiveness of engagement.

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 especially effective for relieving pain. Clinicians should consider patients’
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personality characteristics when recommending behavioral interventions like music
listening for pain relief.
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Fig. 1.
A model representing the effects of task engagement and stimulus response on arousal. Pain
and Task are mental 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
absorption are personality measures that can affect arousal directly or indirectly.
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Fig. 2.
Illustration of the operational definition of engagement as net change in physiological
response relative to change in task level.

Bradshaw et al. Page 16

J Pain. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Experimental conditions for music listening tasks and stimulus delivery. Connected white
circles indicate tones in the melody being tracked; large circles indicate pitch displacement
errors and omitted tones (pitch = 0); dark circles indicate background distraction tones.
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Fig. 4.
Change in stimulus evoked potential responses by task condition and stimulus level. Slopes
(standard errors) for linear estimates of change in SEP for unit increases in task demand at
each stimulus level: L= −1.54 (0.24), M= −2.23 (0.16), H= −2.92 (0.25). Abbreviations:
SEP= stimulus evoked potential; L= low, M= moderate, H= high stimulus level; s.e.=
standard error.
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Fig. 5.
Change in pupil response by task, trait anxiety, and absorption at three stimulus levels.
Adjusted mean slopes and intercepts obtained at three values of Anxiety and Absorption:
low (−2 s.d.), moderate (0 s.d.) and high (+2 s.d.). Abbreviations: L= low, M= moderate, H=
high stimulus levels; C= control, E= easy, H= hard task conditions; s.d.= standard deviation.
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Fig. 6.
Change in skin conductance by task, trait anxiety, and absorption at three stimulus levels.
Adjusted mean slopes and intercepts obtained at three values of Anxiety and Absorption:
low (−2 s.d.), moderate (0 s.d.) and high (+2 s.d.). Abbreviations: SCR= skin conductance
response; L= low, M= moderate, H= high stimulus levels; C= control, E= easy, H= hard task
conditions; s.d.= standard deviation.
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Table 1

Description of participants by age and personality factors.

Mean Minimum Maximum S.D.

Age 28.98 18 55 6.94

STAI-Trait 34.31 20 62 7.86

TAS 19.85 3 34 7.06

Abbreviations: S.D. = standard deviation; STAI = Spielberger State-Trait Anxiety Inventory; TAS = Tellegen Absorption Scale
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