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When used deliberately in television and film, jerky motion captures attention. However, it can be dis-
tracting in the movements of characters in digital video. To what extent does this kind of jerkiness influ-
ence message processing? Based on a limited-capacity model of message processing, jerky character
motion was predicted to increase compliance to a persuasive message. The present experiment manipu-
lated the jerkiness of an actor’s movements in a computer-delivered video to examine its effect on
responses to a hypothetical medical scenario. Jerkiness, whether subtle or obvious, increased self-
reported compliance. It also decreased heart rate variability, indicating attentional mediation. Though
counterintuitive, these findings indicate that jerky character motion can make computer-mediated mes-
sages more persuasive.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

In contemporary film and television, jerky motion is used to
catch an audience’s attention, for example, to maintain interest de-
spite environmental distractions (Bordwell, 2002; Cutting, Brunick,
DeLong, Iricinschi, & Candan, 2011; Cutting, DeLong, & Nothelfer,
2010; DeLong, Brunick, & Cutting, 2012). Three prominent types
of jerky motion are abrupt reframing, rapid cuts, and actors’ idio-
syncratic movement. Reframing is performed most often during
handheld recording, whereas rapid cuts (i.e., discontinuous camera
view changes) are added during postproduction editing. Occasion-
ally, jerkiness is added to actors’ movements (e.g., Max Headroom).
However, when jerky motion is applied inexpertly or too often, it
may cause queasiness and decrease how accurately scenes are rec-
ognized (Bordwell, 2007; Ebert, 2007; Garsoffky, Huff, & Schwan,
2007).

Because the production and distribution of online digital media
is cheaper and easier than film and television, its technical quality
varies considerably. As a result, jerky motion occurs more fre-
quently in online videos, especially in actors’ movements. When
it occurs, it is more likely to be considered an unintended technical
flaw (Hilderbrand, 2007).1 This makes it more difficult to interpret
the intention behind jerky motion. For example, when a video on
YouTube is shaky, the video’s creator may be perceived as either
an amateur or one unconcerned with steady framing. Jerky motion
may be introduced during filming, postproduction (including editing
and encoding), and presentation (e.g., because of limitations in a
viewer’s network connection speed and hardware capabilities;
Hartsell & Yuen, 2006; He & Gupta, 2001; Shephard, Ottewill,
Phillips, & Collier, 2003).

Jerkiness also affects the perceived quality of online computer
games. For example, massively multiplayer online role-playing
games and online first-person shooter games rely on frequent
and timely updates of players’ positions and movements. Without
these updates such games may behave erratically. As a result play-
ers’ digital representations—their avatars—may move less
smoothly or even unrealistically, decreasing players’ effectiveness
and enjoyment (Claypool, Claypool, & Damaa, 2006). In both online
video and online gaming, jerkiness may be caused by technology
that is buggy, outdated, or both. Therefore, in online digital con-
tent, jerky motion is common and often beyond the producer’s
control.
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The potential effect of jerky motion on human cognition in
processing mediated messages is significant because of the role
of animated motion in computer-mediated communication and
human–computer interaction. An increasing number of computer
interfaces adopt an interaction style that draws on conversations
as a metaphor. These interfaces may elicit behavior ordinarily
directed toward other people (Nass, Steuer, & Tauber, 1994; Reeves
& Nass, 2002; Sproull, Subramani, Kiesler, Walker, & Waters,
1996).2 Conversation-based computer interfaces also facilitate learn-
ing by promoting cognition (Mayer, 2005). Sometimes, conversation-
based interfaces are not merely applicable but ideal. They may, for
example, support interaction when users can neither read nor type
(Nass & Lee, 2001). Human-looking interfaces extend the conversa-
tion metaphor of human–computer interaction through graphical
embodiment (Cassell, Sullivan, Prevost, & Churchill, 2000). Human-
looking interfaces have advanced knowledge in scientific fields
including pedagogy and social and cognitive science research
(Baylor, 2002; MacDorman & Ishiguro, 2006). Practical benefits of
human-looking interfaces include the treatment of social anxiety,
the facilitation of remote learning, and the motivation of regular
physical exercise (Bailenson et al., 2008; Fox & Bailenson, 2009; Kang
& Gratch, 2010). Their promise has already inspired the delivery of
educational material using avatars in multiuser game environments
(De Lucia, Francese, Passero, & Tortora, 2009; Foster, 2007).

Human-looking interfaces could support decision-making tasks
in medicine and other restricted domains. For example, computer
medical expert systems can produce desirable patient outcomes
(Bennett & Hauser, 2013; International Business Machines Corp.,
2013; Lin, Lin, Lin, & Yang, 2009; Yu et al., 1979). Human-looking
interfaces could make expert systems more accessible to profes-
sionals and to ordinary users. For example, patients may feel less
apprehensive when seeking medical advice from a virtual clinician
than from a human clinician (Bickmore, Pfeifer, & Jack, 2009; Lisetti,
Yasavur, Visser, & Rishe, 2011). Elsewhere, animated agents and
avatars have been found useful as aids in real-time 3D visualization
and virtual shopping (Lee & Chung, 2005, 2008; Stock et al., 2008).

Social responses may be strongest to computer interfaces that
most closely emulate human appearance and behavior (Cassell,
Bickmore, Campbell, Vilhjálmsson, & Yan, 2001; Cassell & Tartaro,
2007; MacDorman & Ishiguro, 2006). However, early research sug-
gests virtual encounters will also become more complicated. Spe-
cifically, as the interface becomes more humanlike, the
interaction, consultation, or educational outcome may depend
more on presentational factors like appearance, at least initially
(Garau et al., 2003; Holzwarth, Janiszewski, & Neumann, 2006;
Keeling, McGoldrick, & Beatty, 2010; Luo, McGoldrick, Beatty, &
Keeling, 2006; MacDorman & Ishiguro, 2006; Nowak & Biocca,
2003). Depending on how human likeness is achieved, it could en-
hance or hinder acceptance of the interaction (Ho, MacDorman, &
Pramono, 2008; MacDorman, Green, Ho, & Koch, 2009). Despite
this variability, little formal scrutiny has been given to the percep-
tion of moving images (Smith, Levin, & Cutting, 2012), and even
less to attitudes about animated virtual humans (MacDorman,
Coram, Ho, & Patel, 2010). In summary, given the prevalence
of jerky motion in online digital media, the potential difficulty
of controlling jerkiness, its importance to human–computer
interaction, and the relative lack of pertinent empirical data, an
investigation of its influence on communication is warranted.

The objective of the present research is to identify technical
artifacts, such as jerky motion, that influence the perception of
electronically mediated messages. The next section describes
how jerky motion could increase attention to a message, thus
2 Nevertheless, interacting with social interfaces as if they are humans need no
imply a belief that the interfaces are human (Mitchell, Ho, Patel, & MacDorman, 2011
Tourangeau, Couper, & Steiger, 2003).
t
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motivating the experimental hypotheses. Sections follow it on the
methods, results, and discussion and conclusion.
2. Gaining compliance with jerky movement

2.1. Automatic responses to jerky movement

Rapid cuts, unsteady cameras, and the motion of onscreen ob-
jects can attract media viewers’ attention automatically (Detenber,
Simons, & Bennett, 1998; Hitchon, Duckler, & Thorson, 1994; Lang,
Zhou, Schwartz, Bolls, & Potter, 2000). This effect goes mostly
unnoticed when viewers are focused on the narrative (Bordwell,
1984; Saito & Yuka, 2007; Smith & Henderson, 2008). In online dig-
ital media, attention is also attracted through animated and pop-
up advertisements on websites (Chung, 2007; Diao & Sundar,
2004; Lang, Borse, Wise, & David, 2002).

According to the limited capacity model of motivated mediated
message processing (LC4MP; Lang, 2000, 2009), the effect of visual
novelty on attention is mediated by an automatic action known as
the orienting response, which is believed to facilitate discovery and
learning (Sokolov, 1963). An assumption of the present research is
that an orienting response is also elicited when perceiving nonhu-
man jerky motion in a human figure. Biological and nonbiological
motion elicit different patterns of brain activity, which cannot be
explained merely by motion complexity (Grossman & Blake,
2002; Pelphrey et al., 2003). The ability to recognize human motion
is particularly well refined, owing to its usefulness in making infer-
ences about others’ intentions (Blake & Shiffrar, 2007; Blakemore &
Decety, 2001).

The orienting response can be measured reliably. One physical
indicator of an orienting response is bradycardia, a temporary
deceleration in heart rate (Graham & Clifton, 1966; Lang, Geiger,
Strickwerda, & Sumner, 1993). An evolutionary explanation of bra-
dycardia is that it facilitates homeostasis while deciding how to re-
act to a novel stimulus (Campbell, Wood, & McBride, 1997).
Bradycardia during media viewing is caused by an increase in reg-
ulatory influence of the parasympathetic nervous system relative
to the deregulatory influence of the sympathetic nervous system
(Lang, 2009; Lang, Bolls, Potter, & Kawahara, 1999; Quigley &
Berntson, 1990; Richards & Casey, 1991). A related indicator of
the orienting response is heart rate variability, which decreases
during stressful activity (Delaney & Brodie, 2000). In many exper-
iments a decrease in heart rate variability suggests an increase in
cognitive effort (reviewed in Lang, Potter, & Bolls, 2009), though
it may be more indicative of emotional strain (Nickel & Nachreiner,
2003).

Another set of indicators of the orienting response involves
changes in the electrical conductance of skin (electrodermal activ-
ity), which varies with activation of the sympathetic nervous sys-
tem (Lang et al., 1999). Measurement of skin conductance is
divided further into measurement of tonic activity and measure-
ment of phasic activity (Stern, Ray, & Quigley, 2001). Increases in
tonic activity, measured using the skin conductance level, indicate
autonomic arousal (Jacobs et al., 1994). Phasic activity is measured
using the frequency of brief spikes in the conductance level,
termed skin conductance responses. Although skin conductance
responses may be pegged to the precise onset of one or more stim-
uli, the frequency of nonspecific skin conductance responses also
varies with cognitive effort (Nikula, 1991).
2.2. Influence of orienting on automatic resource allocation and
attitude formation

The orienting response elicited by rapid cuts causes changes in
heart activity and skin conductance, which in turn predict increases
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in attention and physiological arousal, respectively (Lang et al.,
2009). These changes affect how messages are processed: Although
rapid cuts increase the overall processing of message-related infor-
mation, they also increase the retention of unrelated information
(Bolls, Muehling, & Yoon, 2003; Lang et al., 2009). Both kinds
of information can affect attitude formation (Petty, Cacioppo, &
Schumann, 1983).

2.3. Applying the limited capacity model to jerky motion in a digital
medium

Aligning with LC4MP (Lang, 2000, 2009), the present study
tested the extent to which jerky character motion increases atten-
tion and arousal and in turn increases compliance with an expert’s
recommendation.

2.3.1. Mediating effect of attention
Jerky character motion may increase attention to a message by

evoking greater activity of the parasympathetic nervous system
relative to the sympathetic nervous system. Hypothesis 1 (H1) as-
serts that viewing digital video with jerky character motion tem-
porarily decreases viewers’ heart rate (HR). Hypothesis 2 (H2)
asserts that viewing digital video with jerky character motion tem-
porarily decreases viewers’ heart rate variability (HRV).

2.3.2. Mediating effect of arousal
Jerky character motion may increase arousal through activation

of the sympathetic nervous system. Hypothesis 3 (H3) asserts that
viewing digital video with jerky character motion increases view-
ers’ skin conductance level (SCL). Hypothesis 4 (H4) asserts that
viewing digital video with jerky character motion increases the
short-term frequency of skin conductance responses (SCR).

2.3.3. Compliance
When an expert’s recommendation is supported by information

that is both claim-relevant (e.g., high-quality arguments) and
claim-irrelevant (e.g., physical appearance), and when the video
of the expert is jerky, both central- and peripheral-route processing
are expected to produce a similar outcome: Viewers’ compliance
with the recommendation is predicted to increase. Hypothesis 5
(H5) asserts that viewing digital video with jerky motion increases
self-reported agreement with actions derived from an expert’s
recommendation.
Fig. 1. A frame from the video clip presented with varying levels of jerky
movement. In the brief clip, an adviser lists reasons for disclosing a patient’s
medical news to her husband. Some of the clip’s frames were reordered to create
jerkiness in the adviser’s movements. Two levels of jerkiness served as between-
groups experimental manipulations.
3. Method

A laboratory experiment was designed to examine the effects of
jerky motion in a persuasive message. The experiment varied the
jerkiness of the message delivery medium and measured its effects
on both self-reported behavior (i.e., compliance with the message
and perceptions of the source) and physiological behavior (i.e.,
heart rate, heart rate variance, skin conductance level, and skin
conductance response events).

3.1. Participant characteristics and sampling

Participants were 76 students and staff (70% female) of a Mid-
Atlantic U.S. university recruited for either course credit or a $10
cash payment. Participants’ ages were 18–55 years (Mdn = 20.2).

3.2. Research design

The present between-groups experiment included both pre-
test and posttest measurement of physiological behavior and
posttest-only measurement of self-reported behavior. There was
one independent variable, jerkiness, with three levels.
3.3. Experimental manipulation

Participants viewed a video clip involving a scenario about a di-
lemma in medical ethics (MacDorman et al., 2010). In the scenario
the participant takes the role of a family physician. The participant
learns about a woman who contracted genital herpes from a recent
extramarital affair. The participant is asked by the woman to delay
disclosing this news to her husband, who is also one of the partic-
ipant’s patients. In the clip, a fictional ethicist named Dr. Richard
Clark gives several reasons supporting immediate disclosure
(Fig. 1; Appendix A). The ethicist closes by urging the observer to
tell the husband about his wife’s diagnosis.

The experimental manipulation of jerkiness affected the clip’s
sequence of video frames. The manipulation generated three treat-
ment conditions: normal, subtly jerky, and obviously jerky. In the
normal condition, the frame sequence was unmodified. In the sub-
tly jerky condition, the frame sequence was manipulated at regular
intervals (approximately once per second) by replacing two video
frames with the preceding two frames, except when doing so
would have made a noticeable discontinuity in the ethicist’s move-
ments. In the obviously jerky condition, the frame sequence was
manipulated in the same places, but seven video frames were re-
placed by the preceding seven. Across all three conditions, the
audio tracks were identical, and the video played at 29.97 frames
per second.
3.4. Dependent variables and covariates

3.4.1. Physiological measures
Participants’ electrocardial and electrodermal activity were

measured before and during the video clip. Participants had
electrodes attached to both ankles, one wrist, and two fingers
(Venables & Christie, 1973). Data were collected at a sample rate
of 200 Hz using a Biopac physiological data collection unit (Biopac
Systems Inc.). To obtain a baseline reading before the clip, data
were collected for approximately 30 s. Following a pause, record-
ing resumed at the beginning of the video clip and continued for
the duration of the 53-s clip.
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Because HRV studies usually involve measurement periods
exceeding one minute, the present study required short-term
HRV measures that were robust against outliers. The initial mea-
sures chosen were pNN203 (proportion of interbeat intervals
exceeding 20 ms) and RMSSD (the square root of the mean squared
difference of successive beat intervals; Mietus, Peng, Henry,
Goldsmith, & Goldberger, 2002; Stein, Bosner, Kleiger, & Conger,
1994). These are among the most common time-domain measures
of HRV. Although the recommended measure in typical studies is
RMSSD, and RMSSD is correlated with pNN50, pNN20 was retained
because of its improved resistance to outliers (Kleiger et al., 1991;
Mietus, 2006; Task Force of the European Society of Cardiology &
the North American Society of Pacing & Electrophysiology, 1996).
Both RMSSD and—to a lesser extent—pNN50 have been used in
recording periods of approximately five minutes (Salahuddin, Cho,
Jeong, & Kim, 2007; Tarkiainen et al., 2005).

3.4.2. Self-report measures
After viewing the clip, participants completed four self-report

items. The first two items were questions assessing compliance
with the persuasive message. The possible responses to these
two items were Definitely Not, Probably Not, Unsure, Probably, and
Definitely: (1) ‘‘When you meet Paul Gordon tomorrow, will you in-
form him of his exposure to genital herpes?’’ and (2) ‘‘If Paul Gor-
don has genital herpes, will you inform him that Kelly Gordon is
the likely source?’’ Maintaining consistency with previous work
(MacDorman et al., 2010), these items were operationalized as a
two-level measure of compliance: Positive responses to the first
item (informing the husband of his potential exposure) repre-
sented a greater degree of compliance than comparably positive
responses to the second item (notifying the husband of the likely
source of infection). The other two self-report items briefly tested
the assumptions about source and message credibility. The possi-
ble responses to these two items were Not at All True, Somewhat
Untrue, Neither True nor Untrue, Somewhat True, and Very True: (3)
‘‘I trust Dr. Clark’s expertise in this matter’’ and (4) ‘‘I don’t under-
stand why Dr. Clark would make the recommendation he did’’ (for
which scoring was reversed).

3.5. Procedure

Study sessions could accommodate up to two participants per
session, so participants took part in the study in groups of one or
two depending on session enrollment and attendance. After enter-
ing the lab, participants completed a pretest questionnaire, elec-
trodes were attached for collection of physiological data, and
baseline measures of heart rate and skin conductance were re-
corded. After the baseline measures, participants read a written
introduction to the medical ethics dilemma scenario and viewed
the video clip on a 48-in. (122-cm) plasma screen monitor at a dis-
tance of approximately 3–4 feet (1 m) while physiological data
were recorded. After the clip, the electrodes were removed, a post-
test questionnaire was administered, and participants were
debriefed.
4. Results

4.1. Statistical methods

To test groupwise differences in the psychophysiological
dependent variables, a linear model was assumed. To test gender
differences in the decisions about the case, the nonparametric
3 This measure is seen more often with the threshold at 50 ms (pNN50). However, a
shorter threshold of 20 ms was used here to increase sensitivity.

4 This is a sliding window average filter with window size 2N + 1 (Mietus, 2006). To
limit the loss of data at the beginning and end of each recording, N = 5.
Mann–Whitney U test was used because of its tolerance of nonnor-
mal distributions. Test statistics were interpreted with a signifi-
cance level of a = .05. Following Cramer and Bock (1966), to
guard against Type I error inflation from multiple comparisons,
MANCOVA was performed before individual ANCOVAs.

4.2. Preparation of physiological data

4.2.1. Electrocardial activity
Electrocardiogram data were filtered using a bandpass between

0.5 Hz and 35 Hz (Ruha, Sallinen, & Nissilä, 1997). Recording error
led to dropping two cases: one in the subtly jerky condition, and
one in the obviously jerky condition. Heartbeats and interbeat
intervals were obtained using the QRS peak detector in AcqKnowl-
edge 4.2 (Biopac Systems Inc.). Next, filtering and calculation of the
time-domain HRV measures was performed using the HRV Toolkit
(Goldberger et al., 2000). Interbeat intervals were excluded when
exceeding at least one of two bounds: a fixed range of 0.4–2.0 s
and ±20% of a rolling mean of ±5 intervals.4 This process yielded
the three values to be tested: average time between normal heart-
beats (AVNN), RMSSD, and pNN20.

4.2.2. Electrodermal activity
Using AcqKnowledge, SCR events were tagged using a first-pass

detection threshold of 0.02 lS and a second-pass rejection thresh-
old of 10% of the subject’s largest peak (Kim, Bang, & Kim, 2004).
Low signal–noise ratio forced the dropping of six cases: two in
the smooth condition, one in the subtly jerky condition, and three
in the obviously jerky condition.

4.2.3. Preparation of self-report data
Responses from all 76 participants were included. Both the nor-

mal and subtly jerky conditions had 24 participants, and the obvi-
ously jerky condition had 28 participants.

4.3. Analysis of physiological data (H1–H4)

To account for physiological differences among participants,
baseline (pretest) measurements of HR (in beats per minute) and
SCL were included as covariates in separate MANCOVAs. Before
doing so, one-way ANOVAs were conducted to test the assumption
that baseline values were not significantly different among groups.
This assumption was supported for both measures: baseline BPM
F(2,71) = 0.29, p = .75 and baseline SCL F(2,67) = 0.15, p = .87.

4.3.1. Electrocardial activity
MANCOVA was conducted with jerkiness as the independent

variable, baseline BPM as a covariate, and AVNN, RMSSD, and
pNN20 as dependent variables. Controlling for baseline HR, the
multivariate effect of jerkiness was nonsignificant but marginal,
Pillai’s trace = .15, F(6,138) = 1.92, p = .08, partial g2 = .08. In other
words jerkiness accounted for 8% of the variance left unexplained
by baseline HR in the canonically derived composite dependent
variable. Before conducting individual ANCOVAs, the assumption
of homogeneity of variance was tested for all three measures of
electrocardial activity. A series of Levene’s F tests indicated the
homogeneity of variance assumption was tenable; of the three
tests, the maximum F(2,71) = 1.43, p = .25.

4.3.2. Heart rate
Although jerkiness had a significant effect on AVNN, F(2,70) =

3.92, p = .02, partial g2 = .10, the pattern was inconsistent. AVNN
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was least (i.e., HR was greatest) in the subtly jerky condition
(M = 0.728 s, SE = 0.009 s) and comparable between the normal
and obviously jerky conditions (normal M = 0.754 s, SE = 0.009 s;
obviously jerky M = 0.762 s, SE = 0.008 s). These results failed to
support Hypothesis 1, which asserted a decrease in HR from
jerkiness.

4.3.3. Heart rate variability
After controlling for the effect of pretest BPM, the effect of jerk-

iness on RMSSD and pNN20 was nonsignificant but marginal,
RMSSD F(2,70) = 1.84, p = .17, partial g2 = .05; pNN20 F(2,70) =
1.51, p = .23, partial g2 = .04. Pairwise comparisons among the three
groups indicated a nearly significant decrease in RMSSD from the
normal condition to the subtly jerky condition, Fisher’s
LSD = 0.007, p = .07. These results gave insufficient support to
Hypothesis 2, which asserted a decrease in HRV from jerkiness.

4.3.4. Electrodermal activity
Following the pattern for electrocardial activity, MANCOVA was

conducted with jerkiness as the independent variable, pretest SCL
as a covariate, and SCL and SCR as dependent variables. The multi-
variate effect of jerkiness was not statistically significant, Pillai’s
trace = .05, F(4,132) = 0.85, p = .50. This nonsignificant result pre-
cluded the need for further tests and failed to support Hypotheses
3 and 4.

4.4. Analysis of self-reported data (H5)

4.4.1. Decisions about the dilemma
Participants’ overall responses were mixed: first item (intention

to inform the husband of his exposure to herpes; range 1–5 with 5
indicating ‘‘definitely inform’’) M = 3.33, SD = 1.34; second item
(intent to inform the husband that his wife is the likely source if
he tests positive; same range and interpretation as the previous
item) M = 2.74, SD = 1.27.

Gender effects were tested next. Although females’ responses
were slightly more in favor of disclosure for both items, the differ-
ences were not statistically significant; first item U = 491.5, p = .17;
second item U = 538.5, p = .41.5 For this reason gender was not used
as a covariate in other tests.

One-way ANOVAs were conducted to test whether at least one
mean difference existed among the three levels of jerkiness (nor-
mal, subtly jerky, and obviously jerky) on the two items indicating
compliance. Although jerkiness had no significant effect on the first
item, intent to inform the husband of his exposure to herpes,
F(2,73) = 1.70, p = .19, x2 = .02, it had a significant effect on the
second item, intent to inform the husband that his wife is the likely
source if he tests positive, F(2,73) = 3.81, p = .03, x2 = .07. Intent to
reveal the likely source was similar between the subtly jerky
(M = 3.00, SE = 0.25) and obviously jerky treatment groups
(M = 3.00, SE = 0.23), and lower in the normal treatment group
(M = 2.17, SE = 0.25). These responses partially supported Hypoth-
esis 5, which predicted an increase in compliance from jerkiness.6

4.4.2. Assessments of source credibility
The ethicist was described as a somewhat credible source: on

the first item, M = 3.79 (range 1–5 with 5 indicating ‘‘very true’’),
SD = 0.99; on the second item (same range and interpretation as
the previous item), M = 3.74, SD = 1.38. The correlation between
these items was large, Pearson’s r = .54, p < .001. These two assess-
ments of the ethicist’s credibility were not significantly affected by
jerkiness, first item F = 0.51, p = .60, second item F = 0.73, p = .48.
5 The parametric counterpart to U, the t test, was also nonsignificant for gender.
6 The nonparametric counterpart to ANOVA, the Kruskal–Wallis test, indicated

similar results.
5. Discussion and conclusion

Through a controlled experiment, the present study found a
medium increase in self-reported compliance with an onscreen ex-
pert’s recommendation when the expert’s movements were jerky.
Even though self-reported perceptions of the source’s credibility
did not vary significantly across conditions, both jerky motion con-
ditions elicited greater scores than the normal condition for one
indicator of compliance. Therefore, jerky motion not only increased
the effectiveness of the message, it did so without influencing
reported source credibility, and it required only minor manipula-
tion of the original clip. In contrast with previous studies (e.g.,
MacDorman et al., 2010), gender effects on the two decisions did
not reach statistical significance.

The study also found statistically significant effects of jerky mo-
tion on heart rate. However, the corresponding effects on skin con-
ductivity were not found. Two likely causes are the short duration
of the treatment and habituation to the jerky movements. (The clip
contained nearly 50 instances of jerky movement, and the jerkiness
was applied at irregular intervals.) The only hypothesis supported
with statistical significance was H5. The lack of significant physio-
logical differences among groups (H1–H4) suggests the links
among attention, arousal, and compliance are complex.

Prior research on mediated messages has been inconclusive. Re-
search supporting a model of technology as social actors suggests
technical flaws cause negative evaluations of message sources
(Nass & Brave, 2007; Nass & Moon, 2000; Nass & Yen, 2010; Nass
et al., 1994; Reeves & Nass, 2002), whereas research supporting a
limited-capacity model of resource allocation and message encod-
ing suggest such flaws motivate increased message retention
(Diemand-Yauman, Oppenheimer, & Vaughan, 2011; Lang et al.,
1999, 2000; Lang, 2000). The current study more closely supports
the latter set of findings.

The present study is novel in two ways: Its experimental
manipulation is a common yet understudied artifact of online dig-
ital media, jerky motion, and its results support an alternative
explanation of related findings (MacDorman et al., 2010; Reeves
& Voelker, 1993). Instead of detracting from a message’s claims,
technical flaws may increase its persuasiveness if attitudes about
the source are otherwise positive and if the flaws appear unrelated
to the source. The first of these two conditions may be satisfied by
an authority heuristic (e.g., Koh & Sundar, 2010); the second may
be satisfied by making salient the means of message delivery
(e.g., streaming video over a wireless Internet connection).

Jerky motion may recapture attention in otherwise nonarousing
messages (Lang et al., 2009). In consumer advertising, examples of
potentially nonarousing appeals include a list of a product’s benefits
and a ranking of a product’s performance relative to competing
products. Jerky motion could also promote the retention of informa-
tion in remote interactions, including consultations between physi-
cians and patients and teleconferences among business colleagues.
5.1. Limitations

First, the strongest effects of the orienting response on heart
rate occur just after stimulus delivery (Graham & Clifton, 1966;
Lang et al., 1993). However, to measure the effect of this initial re-
sponse, the jerkiness manipulation would need to be restricted to
the first seconds of the clip. Second, because physiological data
were collected concurrently with playback of the clip, events tak-
ing place immediately before and after the clip were not recorded.
Third, because the onsets of jerky movements were not marked in
participants’ recordings, the frequency of event-specific SCRs (i.e.,
SCRs appearing 1–5 s after each jerky movement) could not be
measured.
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5.2. Future work

In determining possible facilitators of compliance, the current
study focused on two physiological indicators of the orienting re-
sponse: heart activity and skin electrical conductivity. Neverthe-
less, the present between-subjects experimental design permits
measuring other potentially relevant factors, including current
mood, pre- and post-treatment confidence in the decisions, and
awareness of the experimental manipulation (Maheswaran &
Chaiken, 1991; Mayer & Gaschke, 1988; Reeves & Voelker, 1993).
Furthermore, the precision of measuring related outcomes could
be increased, including attention to claims (i.e., operationalized
as retention of relevant message details), and opinions about the
message source’s warmth (or trustworthiness), competence, and
degree of goodwill (Fiske, Cuddy, & Glick, 2007; McCroskey &
Teven, 1999). By distinguishing between attitudes about the mes-
sage and attitudes about the source, future studies may determine
the extent to which these two factors mediate the effects of jerky
motion on persuasion.

Another potential line of research involves conceptual replica-
tion, including replacing the dilemma in medical ethics with a di-
lemma in another situation, replacing the human advisor with a
clearly computer-controlled agent, or replacing the single-judg-
ment paradigm with a team-building exercise (Lafferty, Eady, &
Pond, 1974; Nass, Fogg, & Moon, 1996). Lastly, the significant influ-
ence of pretest arousal on the present results suggests a deeper
investigation of individual differences predicting susceptibility to
the persuasive effects of jerky motion.
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Appendix A. Text of persuasive message

Hello. I’m Dr. Richard Clark, assistant professor of medical ethics
at Purdue University. This case presents us with a tough dilemma.
Ignoring the potential for harm to one of your patients can have
serious consequences and should not be taken lightly. Sometimes
the harm principle allows you to take action to protect your pa-
tients. In this case the harm to Paul is both serious and foreseeable,
and this outweighs concerns about Kelly’s confidentiality. In fact,
her attitude shows that she has no real intention of protecting Paul
or telling him about his risk of exposure. If Paul were to contract
herpes, he might take it out on Kelly, or he might take action
against you for not telling him. For all these reasons, I strongly urge
you to tell Paul about Kelly’s condition.
References

Bailenson, J. N., Yee, N., Blascovich, J., Beall, A. C., Lundblad, N., & Jin, M. (2008). The
use of immersive virtual reality in the learning sciences: Digital transformations
of teachers, students, and social context. Journal of the Learning Sciences, 17(1),
102–141. http://dx.doi.org/10.1080/10508400701793141.

Baylor, A. L. (2002). Agent-based learning environments as a research tool for
investigating teaching and learning. Journal of Educational Computing Research,
26(3), 227–248. http://dx.doi.org/10.2190/PH2K-6P09-K8EC-KRDK.

Bennett, C. C., & Hauser, K. (2013). Artificial intelligence framework for simulating
clinical decision-making: A Markov decision process approach. Artificial
Intelligence in Medicine, 57(1), 9–19. http://dx.doi.org/10.1016/j.artmed.2012.
12.003.

Bickmore, T. W., Pfeifer, L. M., & Jack, B. W. (2009). Taking the time to care:
Empowering low health literacy hospital patients with virtual nurse agents. In
Proceedings of the SIGCHI conference on human factors in computing systems
(pp. 1265–1274). New York, NY: ACM. http://dx.doi.org/10.1145/1518701.
1518891.

Blake, R., & Shiffrar, M. (2007). Perception of human motion. Annual Review of
Psychology, 58(1), 47–73. http://dx.doi.org/10.1146/annurev.psych.57.102904.
190152.

Blakemore, S.-J., & Decety, J. (2001). From the perception of action to the
understanding of intention. Nature Reviews Neuroscience, 2(8), 561–567.
http://dx.doi.org/10.1038/35086023.

Bolls, P. D., Muehling, D. D., & Yoon, K. (2003). The effects of television commercial
pacing on viewers’ attention and memory. Journal of Marketing Communications,
9(1), 17–28. http://dx.doi.org/10.1080/1352726032000068032.

Bordwell, D. (1984). Jump cuts and blind spots. Wide Angle, 6(1), 4–11.
Bordwell, D. (2002). Intensified continuity: Visual style in contemporary

American film. Film Quarterly, 55(3), 16–28. http://dx.doi.org/10.1525/fq.2002.
55.3.16.

Bordwell, D. (2007, August 17). Unsteadicam chronicles. Observations on film art.
<http://www.davidbordwell.net/blog/2007/08/17/unsteadicam-chronicles/>.

Brown, W., & Kutty, M. (2012). Datamoshing and the emergence of digital
complexity from digital chaos. Convergence: The International Journal of
Research into New Media Technologies, 18(2), 165–176. http://dx.doi.org/
10.1177/1354856511433683.

Campbell, B. A., Wood, G., & McBride, T. (1997). Origins of orienting and defensive
responses: An evolutionary perspective. In P. J. Lang, R. F. Simons, M. Balaban, &
R. Simons (Eds.), Attention and orienting: Sensory and motivational processes
(pp. 41–68). Mahwah, NJ: Erlbaum.

Cassell, J., Bickmore, T. W., Campbell, L., Vilhjálmsson, H., & Yan, H. (2001). More
than just a pretty face: Conversational protocols and the affordances of
embodiment. Knowledge-Based Systems, 14(1–2), 55–64. http://dx.doi.org/
10.1016/S0950-7051(00)00102-7.

Cassell, J., Sullivan, J., Prevost, S., & Churchill, E. F. (Eds.). (2000). Embodied
conversational agents. Cambridge, MA: MIT Press.

Cassell, J., & Tartaro, A. (2007). Intersubjectivity in human–agent interaction.
Interaction Studies, 8(3), 391–410.

Chung, Y. (2007). Processing Web ads: The effects of animation and arousing content.
Youngstown, NY: Cambria Press.

Claypool, M., Claypool, K., & Damaa, F. (2006). The effects of frame rate and
resolution on users playing first person shooter games. In Surendar Chandra &
Carsten Griwodz (Eds.). Proceedings of SPIE (Vol. 6071, pp. 60710101–60710111).
San Jose, CA: SPIE. http://dx.doi.org/10.1117/12.648609.

Cramer, E. M., & Bock, R. D. (1966). Multivariate analysis. Review of Educational
Research, 36(5), 604–617. http://dx.doi.org/10.3102/00346543036005604.

Cutting, J. E., Brunick, K. L., DeLong, J. E., Iricinschi, C., & Candan, A. (2011). Quicker,
faster, darker: Changes in Hollywood film over 75 years. i-Perception, 2(6),
569–576. http://dx.doi.org/10.1068/i0441aap.

Cutting, J. E., DeLong, J. E., & Nothelfer, C. E. (2010). Attention and the evolution of
Hollywood film. Psychological Science, 21(3), 432–439. http://dx.doi.org/
10.1177/0956797610361679.

De Lucia, A., Francese, R., Passero, I., & Tortora, G. (2009). Development and
evaluation of a virtual campus on Second Life: The case of SecondDMI.
Computers and Education, 52(1), 220–233. http://dx.doi.org/10.1016/
j.compedu.2008.08.001.

Delaney, J. P., & Brodie, D. A. (2000). Effects of short-term psychological stress on the
time and frequency domains of heart-rate variability. Perceptual and Motor
Skills, 91(2), 515–524. http://dx.doi.org/10.2466/pms.2000.91.2.515.

DeLong, J. E., Brunick, K. L., & Cutting, J. E. (2012). Film through the human visual
system: Finding patterns and limits. In J. C. Kaufman & D. K. Simonton (Eds.),
Social science of cinema. New York, NY: Oxford University Press. http://
people.psych.cornell.edu/�jec7/pubs/socialsciencecinema.pdf.

Detenber, B. H., Simons, R. F., & Bennett, G. G. (1998). Roll ’em!: The effects of
picture motion on emotional responses. Journal of Broadcasting and Electronic
Media, 42(1), 113–127. http://dx.doi.org/10.1080/08838159809364437.

Diao, F., & Sundar, S. S. (2004). Orienting response and memory for Web
advertisements: Exploring effects of pop-up window and animation. Communication
Research, 31(5), 537–567. http://dx.doi.org/10.1177/0093650204267932.

Diemand-Yauman, C., Oppenheimer, D. M., & Vaughan, E. B. (2011). Fortune favors
the bold (and the italicized): Effects of disfluency on educational outcomes.
Cognition, 118(1), 111–115. http://dx.doi.org/10.1016/j.cognition.2010.09.012.

Ebert, R. (2007, August 22). The shaky-queasy-utimatum. Roger Ebert’s Journal.
<http://www.rogerebert.com/rogers-journal/the-shaky-queasy-utimatum>.

Fiske, S. T., Cuddy, A. J. C., & Glick, P. (2007). Universal dimensions of social
cognition: warmth and competence. Trends in Cognitive Sciences, 11(2), 77–83.
http://dx.doi.org/10.1016/j.tics.2006.11.005.

Foster, A. L. (2007). Professor Avatar: In the digital universe of Second Life
classroom instruction also takes on a new personality. Chronicle of Higher
Education, 54(4). http://www.eric.ed.gov/ERICWebPortal/detail?accno=EJ778830.

Fox, J., & Bailenson, J. N. (2009). Virtual self-modeling: The effects of vicarious
reinforcement and identification on exercise behaviors. Media Psychology, 12(1),
1–25. http://dx.doi.org/10.1080/15213260802669474.

Garau, M., Slater, M., Vinayagamoorthy, V., Brogni, A., Steed, A., & Sasse, M. A.
(2003). The impact of avatar realism and eye gaze control on perceived quality
of communication in a shared immersive virtual environment. In Proceedings of
the SIGCHI conference on human factors in computing systems (pp. 529–536). New
York, NY: ACM. http://dx.doi.org/10.1145/642611.642703.

Garsoffky, B., Huff, M., & Schwan, S. (2007). Changing viewpoints during dynamic
events. Perception, 36(3), 366–374. http://dx.doi.org/10.1068/p5645.

http://dx.doi.org/10.1080/10508400701793141
http://dx.doi.org/10.2190/PH2K-6P09-K8EC-KRDK
http://dx.doi.org/10.1016/j.artmed.2012.12.003
http://dx.doi.org/10.1016/j.artmed.2012.12.003
http://dx.doi.org/10.1145/1518701.1518891
http://dx.doi.org/10.1145/1518701.1518891
http://dx.doi.org/10.1146/annurev.psych.57.102904.190152
http://dx.doi.org/10.1146/annurev.psych.57.102904.190152
http://dx.doi.org/10.1038/35086023
http://dx.doi.org/10.1080/1352726032000068032
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0040
http://dx.doi.org/10.1525/fq.2002.55.3.16
http://dx.doi.org/10.1525/fq.2002.55.3.16
http://www.davidbordwell.net/blog/2007/08/17/unsteadicam-chronicles/
http://dx.doi.org/10.1177/1354856511433683
http://dx.doi.org/10.1177/1354856511433683
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0060
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0060
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0060
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0060
http://dx.doi.org/10.1016/S0950-7051(00)00102-7
http://dx.doi.org/10.1016/S0950-7051(00)00102-7
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0070
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0070
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0075
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0075
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0080
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0080
http://dx.doi.org/10.1117/12.648609
http://dx.doi.org/10.3102/00346543036005604
http://dx.doi.org/10.1068/i0441aap
http://dx.doi.org/10.1177/0956797610361679
http://dx.doi.org/10.1177/0956797610361679
http://dx.doi.org/10.1016/j.compedu.2008.08.001
http://dx.doi.org/10.1016/j.compedu.2008.08.001
http://dx.doi.org/10.2466/pms.2000.91.2.515
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0540
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0540
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0540
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0540
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0540
http://dx.doi.org/10.1080/08838159809364437
http://dx.doi.org/10.1177/0093650204267932
http://dx.doi.org/10.1016/j.cognition.2010.09.012
http://www.rogerebert.com/rogers-journal/the-shaky-queasy-utimatum
http://dx.doi.org/10.1016/j.tics.2006.11.005
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0545
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0545
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0545
http://dx.doi.org/10.1080/15213260802669474
http://dx.doi.org/10.1145/642611.642703
http://dx.doi.org/10.1068/p5645


38 H. Patel et al. / Computers in Human Behavior 32 (2014) 32–39
Goldberger, A. L., Amaral, L. A. N., Glass, L., Hausdorff, J. M., Ivanov, P. C., Mark, R. G.,
et al. (2000). PhysioBank, PhysioToolkit, and PhysioNet: Components of a new
research resource for complex physiologic signals. Circulation, 101(23),
e215–e220. http://dx.doi.org/10.1161/01.CIR.101.23.e215.

Graham, F. K., & Clifton, R. K. (1966). Heart-rate change as a component of the
orienting response. Psychological Bulletin, 65(5), 305–320. http://dx.doi.org/
10.1037/h0023258.

Grossman, E. D., & Blake, R. (2002). Brain areas active during visual perception of
biological motion. Neuron, 35(6), 1167–1175. http://dx.doi.org/10.1016/S0896-
6273(02)00897-8.

Hartsell, T., & Yuen, S. C.-Y. (2006). Video streaming in online learning. AACE Journal,
14(1), 31–43.

He, L., & Gupta, A. (2001). Exploring benefits of non-linear time compression. In
Proceedings of the ninth ACM international conference on multimedia
(pp. 382–391). New York, NY: ACM. http://dx.doi.org/10.1145/500141.500198.

Hilderbrand, L. (2007). YouTube: Where cultural memory and copyright converge.
Film Quarterly, 61(1), 48–57. http://dx.doi.org/10.1525/fq.2007.61.1.48.

Hitchon, J., Duckler, P., & Thorson, E. (1994). Effects of ambiguity and complexity
on consumer response to music video commercials. Journal of Broadcasting
and Electronic Media, 38(3), 289–306. http://dx.doi.org/10.1080/
08838159409364266.

Ho, C.-C., MacDorman, K. F., & Pramono, Z. A. D. (2008). Human emotion and the
uncanny valley: A GLM, MDS, and ISOMAP analysis of robot video ratings. In
Proceedings of the third ACM/IEEE international conference on human-robot
interaction (pp. 169–176). New York, NY: ACM. http://dx.doi.org/10.1145/
1349822.1349845.

Holzwarth, M., Janiszewski, C., & Neumann, M. M. (2006). The influence of avatars
on online consumer shopping behavior. Journal of Marketing, 70(4), 19–36.
http://dx.doi.org/10.1509/jmkg.70.4.19.

International Business Machines Corp. (2013, February 8). IBM Watson
breakthroughs transform quality care for patients [Press release]. <http://
www-03.ibm.com/press/us/en/pressrelease/40335.wss> Retrieved 15.05.13.

Jacobs, S. C., Friedman, R., Parker, J. D., Tofler, G. H., Jimenez, A. H., Muller, J. E., et al.
(1994). Use of skin conductance changes during mental stress testing as an
index of autonomic arousal in cardiovascular research. American Heart Journal,
128(6, Part 1), 1170–1177. http://dx.doi.org/10.1016/0002-8703(94)90748-X.

Kang, S.-H., & Gratch, J. (2010). Virtual humans elicit socially anxious interactants’
verbal self-disclosure. Computer Animation and Virtual Worlds, 21(3–4),
473–482. http://dx.doi.org/10.1002/cav.345.

Keeling, K., McGoldrick, P., & Beatty, S. (2010). Avatars as salespeople:
Communication style, trust, and intentions. Journal of Business Research, 63(8),
793–800. http://dx.doi.org/10.1016/j.jbusres.2008.12.015.

Kim, K. H., Bang, S. W., & Kim, S. R. (2004). Emotion recognition system using short-
term monitoring of physiological signals. Medical and Biological Engineering and
Computing, 42(3), 419–427.

Kleiger, R. E., Bigger, J. T., Bosner, M. S., Chung, M. K., Cook, J. R., Rolnitzky, L. M., et al.
(1991). Stability over time of variables measuring heart rate variability in
normal subjects. The American Journal of Cardiology, 68(6), 626–630. http://
dx.doi.org/10.1016/0002-9149(91)90355-O.

Koh, Y. J., & Sundar, S. S. (2010). Heuristic versus systematic processing of specialist
versus generalist sources in online media. Human Communication Research,
36(2), 103–124. http://dx.doi.org/10.1111/j.1468-2958.2010.01370.x.

Lafferty, J. C., Eady, P. M., & Pond, A. W. (1974). The desert survival situation: A group
decision making experience for examining and increasing individual and team
effectiveness (8th ed.). Plymouth, MI: Experimental Learning Methods.

Lang, A. (2000). The limited capacity model of mediated message processing. Journal
of Communication, 50(1), 46–70. http://dx.doi.org/10.1111/j.1460-2466.2000.tb02833.x.

Lang, A., Bolls, P., Potter, R. F., & Kawahara, K. (1999). The effects of production
pacing and arousing content on the information processing of television
messages. Journal of Broadcasting and Electronic Media, 43(4), 451–475. http://
dx.doi.org/10.1080/08838159909364504.

Lang, A., Borse, J., Wise, K., & David, P. (2002). Captured by the World Wide Web:
Orienting to structural and content features of computer-presented
information. Communication Research, 29(3), 215–245. http://dx.doi.org/
10.1177/0093650202029003001.

Lang, A., Geiger, S., Strickwerda, M., & Sumner, J. (1993). The effects of related and
unrelated cuts on television viewers’ attention, processing capacity, and
memory. Communication Research, 20(1), 4–29. http://dx.doi.org/10.1177/
009365093020001001.

Lang, A. (2009). The limited capacity model of motivated mediated message
processing. In R. L. Nabi & M. B. Oliver (Eds.), The SAGE handbook of media
processes and effects (pp. 193–203). Thousand Oaks, CA: SAGE.

Lang, A., Potter, R. F., & Bolls, P. D. (2009). Where psychophysiology meets the
media: Taking the effects out of mass communication research. In J. Bryant & M.
B. Oliver (Eds.), Media effects: Advances in theory and research (3rd ed.,
pp. 185–206). New York, NY: Routledge.

Lang, A., Zhou, S., Schwartz, N., Bolls, P. D., & Potter, R. F. (2000). The effects of edits
on arousal, attention, and memory for television messages: When an edit is an
edit can an edit be too much? Journal of Broadcasting and Electronic Media, 44(1),
94–109. http://dx.doi.org/10.1207/s15506878jobem4401_7.

Lee, K. C., & Chung, N. (2005). A web DSS approach to building an intelligent internet
shopping mall by integrating virtual reality and avatar. Expert Systems with
Applications, 28(2), 333–346. http://dx.doi.org/10.1016/j.eswa.2004.10.013.

Lee, K. C., & Chung, N. (2008). Empirical analysis of consumer reaction to the virtual
reality shopping mall. Computers in Human Behavior, 24(1), 88–104. http://
dx.doi.org/10.1016/j.chb.2007.01.018.
Lin, C., Lin, C. M., Lin, B., & Yang, M.-C. (2009). A decision support system for
improving doctors’ prescribing behavior. Expert Systems with Applications, 36(4),
7975–7984. http://dx.doi.org/10.1016/j.eswa.2008.10.066.

Lisetti, C. L., Yasavur, U., Visser, U., & Rishe, N. (2011). Toward conducting
motivational interviewing with an on-demand clinician avatar for tailored
health behavior change interventions. In J. O’Donoghue, G. O’Hare, & P.
McCullagh (Eds.), 5th international conference on pervasive computing
technologies for healthcare (pp. 246–249). Dublin, Ireland: IEEE. http://
dx.doi.org/10.4108/icst.pervasivehealth.2011.246078.

Luo, J. T., McGoldrick, P., Beatty, S., & Keeling, K. A. (2006). On-screen characters:
their design and influence on consumer trust. Journal of Services Marketing,
20(2), 112–124. http://dx.doi.org/10.1108/08876040610657048.

MacDorman, K. F., Coram, J. A., Ho, C.-C., & Patel, H. (2010). Gender differences in the
impact of presentational factors in human character animation on decisions in
ethical dilemmas. Presence: Teleoperators and Virtual Environments, 19(3),
213–229. http://dx.doi.org/10.1162/pres.19.3.213.

MacDorman, K. F., Green, R. D., Ho, C.-C., & Koch, C. T. (2009). Too real for comfort?
Uncanny responses to computer generated faces. Computers in Human Behavior,
25(3), 695–710. http://dx.doi.org/10.1016/j.chb.2008.12.026.

MacDorman, K. F., & Ishiguro, H. (2006). The uncanny advantage of using androids
in cognitive and social science research. Interaction Studies, 7(3),
297–337.

Maheswaran, D., & Chaiken, S. (1991). Promoting systematic processing in low-
motivation settings: Effect of incongruent information on processing and
judgment. Journal of Personality and Social Psychology, 61(1), 13–25. http://
dx.doi.org/10.1037/0022-3514.61.1.13.

Mayer, J. D., & Gaschke, Y. N. (1988). The experience and meta-experience of mood.
Journal of Personality and Social Psychology, 55(1), 102–111. http://dx.doi.org/
10.1037/0022-3514.55.1.102.

Mayer, R. E. (2005). Principles of multimedia learning based on social cues:
Personalization, voice, and image principles. In R. E. Mayer (Ed.), The Cambridge
handbook of multimedia learning (pp. 201–212). New York, NY: Cambridge
University Press.

McCroskey, J. C., & Teven, J. J. (1999). Goodwill: A reexamination of the construct
and its measurement. Communication Monographs, 66(1), 90–103. http://
dx.doi.org/10.1080/03637759909376464.

Menkman, R. (2011). The glitch moment (um). Amsterdam, Netherlands: Institute of
Network Cultures.

Mietus, J. E. (2006, April 20). Time domain measures: From variance to pNNx.
PowerPoint Slides presented at the HRV 2006: Techniques, Applications, and
Future Directions, Boston, MA. <http://www.physionet.org/events/hrv-2006/
mietus-1.pdf>.

Mietus, J. E., Peng, C.-K., Henry, I., Goldsmith, R. L., & Goldberger, A. L. (2002). The
pNNx files: Re-examining a widely used heart rate variability measure. Heart,
88(4), 378–380. http://dx.doi.org/10.1136/heart.88.4.378.

Mitchell, W. J., Ho, C.-C., Patel, H., & MacDorman, K. F. (2011). Does social
desirability bias favor humans? Explicit–implicit evaluations of synthesized
speech support a new HCI model of impression management. Computers in
Human Behavior, 27(1), 402–412. http://dx.doi.org/10.1016/j.chb.2010.09.
002.

Nass, C., & Brave, S. (2007). Wired for speech: How voice activates and advances the
human–computer relationship. Cambridge, MA: MIT Press.

Nass, C., Fogg, B. J., & Moon, Y. (1996). Can computers be teammates? International
Journal of Human–Computer Studies, 45(6), 669–678. http://dx.doi.org/10.1006/
ijhc.1996.0073.

Nass, C., & Lee, K. M. (2001). Does computer-synthesized speech manifest
personality? Experimental tests of recognition, similarity-attraction, and
consistency-attraction. Journal of Experimental Psychology: Applied, 7(3),
171–181. http://dx.doi.org/10.1037/1076-898X.7.3.171.

Nass, C., & Moon, Y. (2000). Machines and mindlessness: Social responses to
computers. Journal of Social Issues, 56(1), 81–103. http://dx.doi.org/10.1111/
0022-4537.00153.

Nass, C., Steuer, J., & Tauber, E. R. (1994). Computers are social actors. In Proceedings
of the SIGCHI conference on human factors in computing systems: celebrating
interdependence (pp. 72–78). Boston, MA: ACM. http://dx.doi.org/10.1145/
191666.191703.

Nass, C., & Yen, C. (2010). The man who lied to his laptop: What machines teach us
about human relationships. New York, NY: Current Hardcover.

Nickel, P., & Nachreiner, F. (2003). Sensitivity and diagnosticity of the 0.1-Hz
component of heart rate variability as an indicator of mental workload. Human
Factors, 45(4), 575–590. http://dx.doi.org/10.1518/hfes.45.4.575.27094.

Nikula, R. (1991). Psychological correlates of nonspecific skin conductance
responses. Psychophysiology, 28(1), 86–90.

Nowak, K. L., & Biocca, F. (2003). The effect of the agency and anthropomorphism on
users’ sense of telepresence, copresence, and social presence in virtual
environments. Presence: Teleoperators and Virtual Environments, 12(5),
481–494. http://dx.doi.org/10.1162/105474603322761289.

Pelphrey, K. A., Mitchell, T. V., McKeown, M. J., Goldstein, J., Allison, T., & McCarthy,
G. (2003). Brain activity evoked by the perception of human walking:
Controlling for meaningful coherent motion. The Journal of Neuroscience,
23(17), 6819–6825.

Petty, R. E., Cacioppo, J. T., & Schumann, D. (1983). Central and peripheral routes to
advertising effectiveness: The moderating role of involvement. Journal of
Consumer Research, 10(2), 135. http://dx.doi.org/10.1086/208954.

http://dx.doi.org/10.1161/01.CIR.101.23.e215
http://dx.doi.org/10.1037/h0023258
http://dx.doi.org/10.1037/h0023258
http://dx.doi.org/10.1016/S0896-6273(02)00897-8
http://dx.doi.org/10.1016/S0896-6273(02)00897-8
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0180
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0180
http://dx.doi.org/10.1145/500141.500198
http://dx.doi.org/10.1525/fq.2007.61.1.48
http://dx.doi.org/10.1080/08838159409364266
http://dx.doi.org/10.1080/08838159409364266
http://dx.doi.org/10.1145/1349822.1349845
http://dx.doi.org/10.1145/1349822.1349845
http://dx.doi.org/10.1509/jmkg.70.4.19
http://www-03.ibm.com/press/us/en/pressrelease/40335.wss
http://www-03.ibm.com/press/us/en/pressrelease/40335.wss
http://dx.doi.org/10.1016/0002-8703(94)90748-X
http://dx.doi.org/10.1002/cav.345
http://dx.doi.org/10.1016/j.jbusres.2008.12.015
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0230
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0230
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0230
http://dx.doi.org/10.1016/0002-9149(91)90355-O
http://dx.doi.org/10.1016/0002-9149(91)90355-O
http://dx.doi.org/10.1111/j.1468-2958.2010.01370.x
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0245
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0245
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0245
http://dx.doi.org/10.1111/j.1460-2466.2000.tb02833.x
http://dx.doi.org/10.1080/08838159909364504
http://dx.doi.org/10.1080/08838159909364504
http://dx.doi.org/10.1177/0093650202029003001
http://dx.doi.org/10.1177/0093650202029003001
http://dx.doi.org/10.1177/009365093020001001
http://dx.doi.org/10.1177/009365093020001001
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0255
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0255
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0255
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0275
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0275
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0275
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0275
http://dx.doi.org/10.1207/s15506878jobem4401_7
http://dx.doi.org/10.1016/j.eswa.2004.10.013
http://dx.doi.org/10.1016/j.chb.2007.01.018
http://dx.doi.org/10.1016/j.chb.2007.01.018
http://dx.doi.org/10.1016/j.eswa.2008.10.066
http://dx.doi.org/10.4108/icst.pervasivehealth.2011.246078
http://dx.doi.org/10.4108/icst.pervasivehealth.2011.246078
http://dx.doi.org/10.1108/08876040610657048
http://dx.doi.org/10.1162/pres.19.3.213
http://dx.doi.org/10.1016/j.chb.2008.12.026
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0320
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0320
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0320
http://dx.doi.org/10.1037/0022-3514.61.1.13
http://dx.doi.org/10.1037/0022-3514.61.1.13
http://dx.doi.org/10.1037/0022-3514.55.1.102
http://dx.doi.org/10.1037/0022-3514.55.1.102
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0335
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0335
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0335
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0335
http://dx.doi.org/10.1080/03637759909376464
http://dx.doi.org/10.1080/03637759909376464
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0345
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0345
http://www.physionet.org/events/hrv-2006/mietus-1.pdf
http://www.physionet.org/events/hrv-2006/mietus-1.pdf
http://dx.doi.org/10.1136/heart.88.4.378
http://dx.doi.org/10.1016/j.chb.2010.09.002
http://dx.doi.org/10.1016/j.chb.2010.09.002
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0365
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0365
http://dx.doi.org/10.1006/ijhc.1996.0073
http://dx.doi.org/10.1006/ijhc.1996.0073
http://dx.doi.org/10.1037/1076-898X.7.3.171
http://dx.doi.org/10.1111/0022-4537.00153
http://dx.doi.org/10.1111/0022-4537.00153
http://dx.doi.org/10.1145/191666.191703
http://dx.doi.org/10.1145/191666.191703
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0390
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0390
http://dx.doi.org/10.1518/hfes.45.4.575.27094
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0400
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0400
http://dx.doi.org/10.1162/105474603322761289
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0410
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0410
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0410
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0410
http://dx.doi.org/10.1086/208954


H. Patel et al. / Computers in Human Behavior 32 (2014) 32–39 39
Quigley, K. S., & Berntson, G. G. (1990). Autonomic origins of cardiac responses to
nonsignal stimuli in the rat. Behavioral Neuroscience, 104(5), 751–762. http://
dx.doi.org/10.1037/0735-7044.104.5.751.

Reeves, B., & Voelker, D. (1993). Effects of audio-video asynchrony on viewer’s
memory, evaluation of content and detection ability (Research Report). Pixel
Instruments. <http://www.pixelinstruments.tv/articles8.htm>.

Reeves, B., & Nass, C. (2002). The media equation: How people treat computers,
television, and new media like real people and places. Stanford, CA: CSLI.

Richards, J. E., & Casey, B. J. (1991). Heart rate variability during attention phases in
young infants. Psychophysiology, 28(1), 43–53.

Ruha, A., Sallinen, S., & Nissilä, S. (1997). A real-time microprocessor QRS detector
system with a 1-ms timing accuracy for the measurement of ambulatory HRV.
IEEE Transactions on Biomedical Engineering, 44(3), 159–167. http://dx.doi.org/
10.1109/10.554762.

Saito, H., & Yuka, I. (2007). Effects of successive cutting on comprehension and
retention of film. In Proceedings of the 5th WSEAS international conference on
education and educational technology. Tenerife, Spain: WSEAS. <http://
www.wseas.us/e-library/conferences/2006tenerife/papers/541-218.pdf>.

Salahuddin, L., Cho, J., Jeong, M. G., & Kim, D. (2007). Ultra short term analysis of
heart rate variability for monitoring mental stress in mobile settings.
Proceedings of the annual international conference of the IEEE Engineering in
Medicine and Biology Society (Vol. 2007, pp. 4656–4659). Lyon, France: IEEE.
http://dx.doi.org/10.1109/IEMBS.2007.4353378.

Shephard, K., Ottewill, R., Phillips, P., & Collier, R. (2003). From videocassette to
video stream: Issues involved in re-purposing an existing educational video.
ALT-J: Research in Learning Technology, 11(2), 14–22.

Smith, T. J., & Henderson, J. M. (2008). Edit blindness: The relationship between
attention and global change blindness in dynamic scenes. Journal of Eye
Movement Research, 2(2), 1–17.

Smith, T. J., Levin, D., & Cutting, J. E. (2012). A window on reality: Perceiving edited
moving images. Current Directions in Psychological Science, 21(2), 107–113.
http://dx.doi.org/10.1177/0963721412437407.
Sokolov, E. N. (1963). Perception and the conditioned reflex. New York: Pergamon.
Sproull, L., Subramani, M., Kiesler, S., Walker, J. H., & Waters, K. (1996). When the

interface is a face. Human–Computer Interaction, 11(2), 97–124. http://
dx.doi.org/10.1207/s15327051hci1102_1.

Stein, P. K., Bosner, M. S., Kleiger, R. E., & Conger, B. M. (1994). Heart rate variability:
A measure of cardiac autonomic tone. American Heart Journal, 127(5),
1376–1381. http://dx.doi.org/10.1016/0002-8703(94)90059-0.

Stern, R. M., Ray, W. J., & Quigley, K. S. (2001). Psychophysiological recording (2nd
ed.). New York, NY: Oxford University Press.

Stock, C., Bishop, I. D., O’Connor, A. N., Chen, T., Pettit, C. J., & Aurambout, J.-P. (2008).
SIEVE: Collaborative decision-making in an immersive online environment.
Cartography and Geographic Information Science, 35(2), 133–144. http://
dx.doi.org/10.1559/152304008784090568.

Tarkiainen, T. H., Timonen, K. L., Tiittanen, P., Hartikainen, J. E. K., Pekkanen, J., Hoek,
G., et al. (2005). Stability over time of short-term heart rate variability. Clinical
Autonomic Research, 15(6), 394–399. http://dx.doi.org/10.1007/s10286-005-
0302-7.

Task Force of the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology (1996). Heart rate variability: Standards of
measurement, physiological interpretation, and clinical use. Circulation, 93(5),
1043–1065. http://dx.doi.org/10.1161/01.CIR.93.5.1043.

Tourangeau, R., Couper, M. P., & Steiger, D. M. (2003). Humanizing self-administered
surveys: experiments on social presence in web and IVR surveys. Computers in
Human Behavior, 19(1), 1–24. http://dx.doi.org/10.1016/S0747-5632(02)00032-8.

Venables, P. H., & Christie, M. J. (1973). Mechanisms, instrumentation, recording
techniques, and quantification of responses. In W. Prokasy & D. C. Raskin (Eds.),
Electrodermal activity in psychological research (pp. 1–124). New York, NY:
Academic Press.

Yu, V. L., Fagan, L. M., Wraith, S. M., Clancey, W. J., Scott, A. C., Hannigan, J., et al.
(1979). Antimicrobial selection by a computer: A blinded evaluation by
infectious diseases experts. Journal of the American Medical Association,
242(12), 1279–1282. http://dx.doi.org/10.1001/jama.1979.03300120033020.

http://dx.doi.org/10.1037/0735-7044.104.5.751
http://dx.doi.org/10.1037/0735-7044.104.5.751
http://www.pixelinstruments.tv/articles8.htm
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0425
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0425
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0435
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0435
http://dx.doi.org/10.1109/10.554762
http://dx.doi.org/10.1109/10.554762
http://www.wseas.us/e-library/conferences/2006tenerife/papers/541-218.pdf
http://www.wseas.us/e-library/conferences/2006tenerife/papers/541-218.pdf
http://dx.doi.org/10.1109/IEMBS.2007.4353378
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0455
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0455
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0455
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0460
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0460
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0460
http://dx.doi.org/10.1177/0963721412437407
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0470
http://dx.doi.org/10.1207/s15327051hci1102_1
http://dx.doi.org/10.1207/s15327051hci1102_1
http://dx.doi.org/10.1016/0002-8703(94)90059-0
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0485
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0485
http://dx.doi.org/10.1559/152304008784090568
http://dx.doi.org/10.1559/152304008784090568
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0495
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0495
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0495
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0495
http://dx.doi.org/10.1161/01.CIR.93.5.1043
http://dx.doi.org/10.1016/S0747-5632(02)00032-8
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0510
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0510
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0510
http://refhub.elsevier.com/S0747-5632(13)00433-0/h0510
http://dx.doi.org/10.1001/jama.1979.03300120033020

	Receptive to bad reception: Jerky motion can make persuasive messages more effective
	1 Introduction
	2 Gaining compliance with jerky movement
	2.1 Automatic responses to jerky movement
	2.2 Influence of orienting on automatic resource allocation and attitude formation
	2.3 Applying the limited capacity model to jerky motion in a digital medium
	2.3.1 Mediating effect of attention
	2.3.2 Mediating effect of arousal
	2.3.3 Compliance


	3 Method
	3.1 Participant characteristics and sampling
	3.2 Research design
	3.3 Experimental manipulation
	3.4 Dependent variables and covariates
	3.4.1 Physiological measures
	3.4.2 Self-report measures

	3.5 Procedure

	4 Results
	4.1 Statistical methods
	4.2 Preparation of physiological data
	4.2.1 Electrocardial activity
	4.2.2 Electrodermal activity
	4.2.3 Preparation of self-report data

	4.3 Analysis of physiological data (H1–H4)
	4.3.1 Electrocardial activity
	4.3.2 Heart rate
	4.3.3 Heart rate variability
	4.3.4 Electrodermal activity

	4.4 Analysis of self-reported data (H5)
	4.4.1 Decisions about the dilemma
	4.4.2 Assessments of source credibility


	5 Discussion and conclusion
	5.1 Limitations
	5.2 Future work

	Acknowledgments
	Appendix A Text of persuasive message
	References


