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ARTICLE INFO ABSTRACT

Keywords: Electronic Performance Monitoring, or EPM, has been described as the use of electronic systems to monitor and
Vigilance evaluate performance. Research on the effects of EPM has indicated that electronic monitoring may improve
Video-based monitoring employee productivity and performance. However, most of the prior research has utilized computer-based
Performance

electronic presence to examine the effects of EPM on short-duration, clerical-based tasks. Relatively little is
known about how EPM can affect longer-duration sustained attention tasks, like vigilance. The present study was
comprised of two experiments that sought to examine the effects of EPM on sustained attention and to provide
further evidence that video-based monitoring can be an effective form of EPM. A total of 197 participants (106 in
experiment one and 91 in experiment two) completed a 24-minute cognitive-based vigilance task. The results
indicated that not only could EPM improve sustained attention, but also that video-based electronic presence
was an effective implementation of EPM. However, the results also indicated that the most robust performance
effects were associated with employing two forms of video-based electronic presence simultaneously rather than

Social facilitation

individually. Theoretical implications and practical applications are further discussed.

Technology is a central component of scientific and social expansion
(Kiran, 2012). Although the term ‘technology’ refers to applying gen-
eral scientific knowledge for all sorts of practical purposes, it has re-
cently become synonymous with electronic systems (Tenner, 2004). As
the ubiquity of technology has increased (Claypoole, Schroeder, &
Mishler, 2016), and therefore the use of electronic systems has in-
creased, it is unsurprising that many organizations utilize these systems
to monitor their employees' work performance (Aiello & Kolb, 1995). In
fact, the most recent report from the American Management
Association (AMA) and the ePolicy Institute (2007) indicated that up to
70% of surveyed organizations used some form of electronic monitoring
to manage employee productivity. Note that an updated version of this
survey was conducted in 2015, but the results of this survey were not
published at the time of the current publication.

Electronic Performance Monitoring, or EPM, has been characterized
as the use of electronic systems to monitor (or to evaluate) performance
(Aiello & Kolb, 1995; Kolb & Aiello, 1997); EPM has been employed in
industrial organizations and empirically investigated since the late
1980s (Cahill & Landsbergis, 1989; Chalykoff & Kochan, 1989; U.S.
Congress, 1987). Research on the effects of EPM has indicated that
electronic monitoring may improve employee productivity and per-
formance (Aiello & Chomiak, 1992; Aiello & Kolb, 1995; Griffith,
1993). However, there has also been substantial empirical evidence that

suggests that EPM may actually impair, rather than improve, human
performance (Aiello & Svec, 1993; Douthitt & Aiello, 2001; Hall &
Henningsen, 2008; Mallo, Nordstrom, Bartels, & Traxler, 2008). For
instance, Davidson and Henderson (2000) demonstrated that partici-
pants solved more simple anagrams, but fewer complex anagrams,
while being monitored by a computer icon relative to participants who
completed the anagram solving task alone. This novel experiment de-
monstrated that EPM could lead to either improved or impaired per-
formance, but that these performance effects were dependent on the
level of task difficulty (Davidson & Henderson, 2000). These perfor-
mance results have been best explained by a social facilitation frame-
work (Aiello & Douthitt, 2001; Cottrell, 1972; Zajonc, 1965), which
suggests that the social presence of another person influences human
performance and that the direction of these performance effects is
moderated by task difficulty (Bond & Titus, 1983).

Social facilitation has been characterized by two main effects: 1)
performance is more likely to be improved when in the presence of
another person if the task is easy, or well-known, and 2) performance is
more likely to be impaired when in the presence of another person if the
task is complex, or unfamiliar (Bond & Titus, 1983; Cottrell, 1972;
Zajonc, 1965). Research on social facilitation has consistently demon-
strated this inverse relationship between performance and task diffi-
culty (Bond & Titus, 1983; Feinberg & Aiello, 2006; Grant & Dajee,
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2003; Rajecki, Ickes, Corcoran, & Lenerz, 1977; Huguet, Galvaing,
Monteil, & Dumas, 1999; Rittle & Bernard, 1976; Schmitt, Gilovich,
Goore, & Joseph, 1986; Shaver & Liebling, 1976; Miller, Hurkman,
Robinson, & Feinberg, 1979, cf Claypoole & Szalma, 2018a, b), espe-
cially when the type of social presence is evaluative is nature (Bray &
Sugarman, 1980; Cohen, 1980; Cohen & Davis, 1973; Cottrell, Rittle, &
Wack, 1967; Cottrell, Wack, Sekerak, & Rittle, 1968). In fact, Cottrell's
(1972) evaluation apprehension theory, a predominant theory of social
facilitation, explicitly argues that social presence must contain an
evaluative context in order to affect human performance.

In regards to EPM, previous research has demonstrated that elec-
tronic monitoring produces performance patterns consistent with the
effects of human monitoring traditionally found in social facilitation
research (Aiello & Douthitt, 2001; Aiello & Svec, 1993; Douthitt &
Aiello, 2001; Reither, Hegel, Wrede, & Horstman, 2012; Park &
Catrambone, 2007). For instance, Aiello and Svec (1993) demonstrated
that performance on a complex task was substantially impaired for
subjects who were monitored by either a person or an electronic pre-
sence when compared to subjects who completed the complex task
alone. Additionally, these effects have been extended to include social
robots that contain anthropomorphic features (i.e., Reither, Hegel,
Wrede, & Horstmann, 2012) as well as virtual humans (Park &
Catrambone, 2007). For instance, Park and Catrambone (2007) de-
monstrated that the effects of EPM (as implemented by a virtual
human) were similar to the effects of human social presence, such that
participants completed a series of cognitive tasks (i.e., anagram, maze,
arithmetic) faster when in the presence of another person or electronic
presence (i.e., virtual human) relative to participants who completed
these tasks alone. The results indicated no significant differences be-
tween participants who were monitored by another person or by the
electronic presence, further suggesting that EPM and human social
presence may produce equivalent effects. Thus, theories of social fa-
cilitation, especially Cottrell's (1972) theory of evaluation apprehen-
sion, may best explain the effects produced by EPM.

1. Limitations of the previous work

While previous research has demonstrated performance effects
consistent with the overarching social facilitation research, some as-
pects of EPM are still unclear. For instance, EPM is traditionally oper-
ationalized as the presence of either an on-screen computer icon (i.e.,
Davidson & Henderson, 2000), or through computer-based monitoring
(i.e., keystrokes, Aiello & Kolb, 1995). While EPM has also been em-
ployed through an on-screen virtual human (i.e., Park & Catrambone,
2007), and a social robot (i.e., Reither et al., 2012), it has rarely been
operationalized as video-based monitoring, even though organizations
have reported using video-monitoring to monitor and evaluate their
employees' performance (American Management Association & EPolicy
Institute, 2007). Given the prevalence of video-based EPM in real or-
ganizations, it is surprising that relatively little research has examined
these effects. Moreover, as this form of EPM has been previously un-
derstudied, it is possible that video-based EPM results in fundamentally
different performance effects relative to computer-based or robotic
forms of EPM. Thus, further work is needed to explore how different
conceptualizations of EPM, such as video-based monitoring, can influ-
ence task performance.

Furthermore, previous research examining the effects of EPM have
used a limited range of task types. Most experiments using EPM focus
either on clerical-based work, such as data-entry tasks, or anagram-
solving tasks, even though the overarching literature on social facil-
itation provides empirical evidence for a variety of tasks, including,
psychomotor, cognitive, and visual-based tasks, to name a few.
Moreover, a growing body of work in social facilitation research has
recently examined the effects of social presence on sustained attention,
or vigilance, performance (Claypoole & Szalma, 2017, 2018a,b; Funke
et al., 2016; Yu & Wu, 2015). However, previous research has not fully
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explored the effects of EPM on these types of applied tasks (cf Miyazaki,
2015; Putz, 1975).

Sustained attention, or vigilance, is an integral component of many
everyday tasks, such as driving (Louie & Mouloua, 2017), and work-
related tasks, such as medical screening (Warm, Matthews, &
Parasuraman, 2009) and flight path monitoring (Hitchcock, Dember,
Warm, Moroney, & See, 1999; Pigeau, Angus, O'Neill, & Mack, 1995).
These tasks require operators to maintain their attention to displays for
extended periods of time, and oftentimes to respond to infrequently
occurring critical signals (Davies & Parasuraman, 1982; Mackworth,
1948). Previous research has indicated that performance decrements in
these tasks (also known as the vigilance decrement; Davies &
Parasuraman, 1982; See, Howe, Warm, & Dember, 1995) can lead to
serious consequences, such as missed threats to security in baggage
screening (Tiwari, Singh, & Singh, 2009). Thus, the effects of EPM
should be further explored in cognitive tasks relevant to operational
settings, such as sustained attention, where facilitating performance can
reduce perilous consequences.

2. The present study

As previously discussed, most of the work on EPM has focused on
short-duration clerical-based tasks (e.g., data-entry; Mallo et al., 2008).
Thus, relatively little is known about how EPM affects longer-duration
tasks, such as sustained attention, which are integral to a variety of
organization tasks, such as medical screening (Warm et al., 2009).
Moreover, the overarching research on the effects of EPM have rarely
employed a video-based monitoring system to examine the effects of
electronic presence; instead, previous research traditionally utilizes
computer-based monitoring (i.e., keystroke; Aiello & Kolb, 1995). Thus,
the impetus of the present study was two-fold: 1) to determine the ef-
fects of EPM on sustained attention, and 2) to provide further evidence
that video-based monitoring can be an effective form of EPM. To attain
this goal, two experiments are described. The first experiment sought to
explore the effects of video-based EPM on sustained attention (i.e.,
vigilance) performance. The second experiment sought to replicate and
extend the results of the first experiment by exploring the effects of two
individual forms of video-based EPM on vigilance task performance.
Combined, the results of these two experiments provide further evi-
dence for the effectiveness of different forms of video-based EPM and
for the use of EPM to facilitate sustained attention.

3. Experiment 1

As previously discussed, EPM has rarely been examined in the
context of sustained attention despite the growing body of research
pertaining to the effects of social facilitation on vigilance task perfor-
mance (i.e., Claypoole & Szalma, 2017, 2018a,b; Funke et al., 2016; Yu
& Wu, 2015). Thus, the purpose for the present experiment was to
determine whether typical social facilitation effects (i.e., improved
performance) could be observed when utilizing electronic presence on a
sustained attention (i.e., vigilance) task.

4. Method
4.1. Participants

Performance data from 106 participants (65 female) were collected.
The average age for participants was 20.57 (SD = 3.39,
Range = 18-37). All participants were undergraduates recruited
through a psychology experiment website at a large university in the
southeastern United States. All participation was voluntary, though
participants did receive course credit for completing the study.
Importantly, all collected data were de-identified and all participant
responses were private, and anonymous. Informed consent was ob-
tained from each participant and this research complied with the
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American Psychological Association Code of Ethics which was approved
by the Institutional Review Board at the host university where the data
were collected. At the conclusion of the study, all participants were
debriefed and were provided the opportunity to ask any questions
about the experiment.

4.2. Conditions

The present experiment was comprised of two conditions: Control
and Electronic Presence. The Control condition contained no form of
social presence throughout any part of the experiment (i.e., demo-
graphics survey; sustained attention task) and was used as a comparison
group (Claypoole & Szalma, 2017). In this condition, each participant
completed the entire experiment completely alone in an experimental
room without the video camera or web-cam.

In the Electronic Presence condition there were two forms of elec-
tronic presence, a webcam and a video recorder. The webcam was
placed on top of the computer screen and was used to “monitor the
participant's performance and engagement while they completed the
task”, as explicitly stated to the participants. The video recorder was
placed on a tri-pod, approximately 110 cm tall, one meter behind the
participant at a 45-degree angle (Claypoole & Szalma, 2017; Putz,
1975) and was used to “record the participant's performance so that it
could be evaluated later”, as explicitly stated to the participants. These
two forms of electronic presence were used in conjunction to elicit the
feelings of evaluation and self-presentation described in the prominent
theories of social facilitation (e.g., Baumeister, 1982; Cottrell, 1972).
Both forms of electronic presence illuminated a light and presented a
cue - either auditory (i.e., video recorder) or visual (i.e., webcam) —
when they were engaged in monitoring the participant; these cues were
utilized to increase the saliency of the electronic monitoring and to
increase participants awareness of being monitored (Aiello & Douthitt,
2001). Fig. 1 provides a pictorial representation of the configuration of
the electronic monitoring in the experimental room.

4.3. Experimental task

The experimental task was adapted from previous research on social
facilitation and sustained attention (Claypoole & Szalma, 2018a; see
also Warm et al., 1984). Participants were required to monitor a com-
puter display of two-digit numbers. They were instructed to respond
when a critical signal appeared on the computer screen. A critical signal
was defined as any two-digit number that resulted in a difference of “0”
or +/— “1”. For example, “43”, “77”, and “01” were all critical signals

Fig. 1. Pictorial representation of the experimental set-up. Note the illumina-
tion on both the webcam (right) and the video recorder (left), outlined in white.
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whereas “73”, “06”, and “39” were not. Each stimulus was presented for
1000 ms and was followed by an interstimulus interval (ISI; a blank
screen) that lasted 1500 ms. Participants were instructed to respond to
critical signals by pressing the spacebar on a standard keyboard. Par-
ticipants were able to respond at any time during the 1000 ms that the
stimulus was on the screen or during the ISI. In the 24-minute task,
there were five critical signals presented in each six-minute period on
watch, for a total of 20 critical signals across the four periods. The
timing of the presentations of the five critical signals was randomized
during each period, but the selected times were held constant across
participants.

4.4. Procedure

The current procedure was adapted from previous research ex-
amining the effects of social presence on vigilance task performance
(i.e., Claypoole & Szalma, 2017, 2018a,b). All participants registered
for the experiment through the university-sponsored research partici-
pation website at the host university where the data were collected.
When participants arrived to the research laboratory, they were asked
to present their study confirmation code and to surrender any watches
and cellular devices, consistent with previous research in sustained
attention. Participants were randomly assigned to one of two experi-
mental conditions; importantly, participants were not aware of which
condition they were assigned.

In both experimental conditions, participants completed a brief
demographics questionnaire prior to the sustained attention task and
the electronic presence manipulations (if they were assigned to that
condition). Following the completion of the demographics ques-
tionnaire, a research assistant reviewed the task instructions, presented
example stimuli, and offered the opportunity to answer questions be-
fore exiting the room to allow the participants to complete a brief 3-
minute practice session and the 24-minute sustained attention (i.e.,
vigilance) task. At the conclusion of the vigil, the research assistant re-
entered the experimental room to fully debrief the participants about
the nature of the experiment and to answer any final questions the
participants may have had. The duration of the experiment lasted no
longer than one hour.

Note that in the Electronic Presence condition additional instructions
about the use of the electronic presence were provided. Specifically,
participants were told that “the experiment employs electronic presence
to monitor your performance. The webcam, located on the top of the
computer screen, sends a live video feed into the office next door so that
your performance and engagement can be evaluated while you com-
plete the task. Additionally, the video recorder located behind you, is
used to record your performance so that we may evaluate it later”. Note
that no participant took issue with being electronically monitored and
none withdrew from the study. Importantly, the present experiment did
not actually record or live stream participants during the experiment.

5. Results

Univariate Analyses of Variance (ANOVA) were computed for each
dependent measure of interest, which included correct detections, false
alarms, and response time. Performance was analyzed by a 2 (condi-
tion) by 4 (period) mixed ANOVA, with repeated measures on the
second factor. There were 106 participants across both conditions:
Control (53, 35 female); Electronic Presence (53, 30 female).

5.1. Correct detections

The proportion of correct detections significantly decreased across
both conditions as a function of period on watch, F(3, 312) = 39.869,
p < .001, n2p = .277 (see Fig. 2), which is consistent with previous
research on sustained attention (i.e., the vigilance decrement, Warm,
Parasuraman, & Matthews, 2008). There was also a main effect of
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Fig. 2. The proportion of correct detections as a function of period on watch and experimental condition. Note. Error bars are standard errors.

Table 1

A comparison of the overall proportion of correct detections, overall proportion of false alarms, and overall median response time in milliseconds across Experiments

One and Two.

Experiment One (N = 106)

Experiment Two (N = 91)

Electronic Presence (N = 53) Control (N = 53) WCP (N = 30) VRP (N = 30) Control (N = 31)
M SD M SD M SD M SD M SD
Correct Detections .6906 .20 .6038 21 .6300 .14 .6033 .16 .5274 .18
False Alarms .0059 .01 .0201 .05 .0244 .06 .0185 .03 .0175 .04
Response Times 767.34 67.41 802.02 75.67 792.67 57.88 788.88 51.54 777.97 60.94
Note. VRP = Video-Recorder Presence; WCP = Webcam Presence.
condition for the overall proportion of correct detections, F(1, between conditions for overall median response time, F(1,

104) = 4.624, p = .034, n2p = .034 (see Table 1), such that partici-
pants who were monitored by the electronic presence detected sig-
nificantly more critical signals (M = 0.6906, SD = 0.20) when com-
pared to those who completed the task alone (M = 0.6038, SD = 0.21,
d = 0.42). The interaction between condition and period on watch was
not statistically significant (p = .220, n2p = .014).

5.2. False alarms

The proportion of false alarms decreased significantly across both
experimental conditions as a function of period on watch, F(3,
312) = 5.445, p = .001, n°p = .050 (see Fig. 3), which is consistent
with previous research on sustained attention (i.e., Warm et al., 2008)
and previous iterations of this task (i.e., Claypoole & Szalma, 2018a).
There was also a main effect of condition for the overall proportion of
false alarms, F(1, 104) = 4.932, p = .029, n°p = .045 (see Table 1),
such that participants who were monitored by the electronic presence
committed significantly fewer false alarms (M = 0.0059, SD = 0.0082)
than those who completed the task alone (M = 0.0201, SD = 0.0464,
d = 0.43). The interaction between condition and period on watch was
not statistically significant (p = .116, n2p = .019).

5.3. Response time

Median response time increased significantly across both experi-
mental conditions as a function of period on watch, F(3, 288) = 50.062,
p < .01, n?p = .343 (see Fig. 4), which is consistent with previous
research on sustained attention (i.e., the vigilance decrement, Warm
et al.,, 2008), and previous iterations of this task (i.e., Claypoole &
Szalma, 2018a). The results also indicated a significant difference
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105) = 6.209, p = .014, n’p = .056 (see Table 1), such that partici-
pants who were monitored by the electronic presence were faster to
respond to critical signals (M = 767.34, SD = 67.41) than those who
completed the task alone (M = 802.03, SD = 75.67, d = 0.48). The
interaction between condition and period on watch was not statistically
significant (p = .194, n2p = .016).

6. Experiment one discussion

Although recent research in the intersection of social facilitation
and sustained attention has reported that social presence can improve
detection performance in vigilance tasks (Claypoole & Szalma, 2017,
2018a,b; Funke et al.,, 2016; Yu & Wu, 2015), these empirical in-
vestigations have yet to extend the classification of “social presence” to
electronic presence (or Electronic Performance Monitoring, EPM, but
see Miyazaki, 2015; Putz, 1975). Thus, the purpose for the present
experiment was to determine if traditional social facilitation effects
could be observed when employing electronic presence in place of
human social presence.

Consistent with previous research (i.e., Claypoole & Szalma, 2017;
2018a, b), these results suggest that social facilitation, and by extension
EPM, can be employed to improve performance on sustained attention
tasks that are cognitively demanding, yet boring (Scerbo, 2001). The
results demonstrated robust effects, such that electronic presence was
associated with increased correct detections, a reduction in errors of
commission, and faster response times. Interestingly, the present ex-
periment produced performance effects that were stronger than those
previously observed in the literature. For example, Claypoole and
Szalma (2017) reported that an evaluative presence reduced false
alarms rates, but impaired response time and did not influence correct
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Fig. 3. The proportion of false alarms as a function of period on watch and experimental condition. Note. Error bars are standard errors.

detections. Conversely, another study reported that social facilitation
(in this case, the presence of co-actors) only improved correct detection
rates; co-actors did not affect false alarms or response times (Funke
et al., 2016). The discrepancy between the present experiment and the
previous research for the observed performance effects may be an ar-
tifact of the limited number of previous studies that have explored the
effects of social facilitation on sustained attention. However, it is also
likely that the type of social presence (i.e., evaluative, co-actor, EPM)
used to facilitate performance in sustained attention tasks may produce
distinct patterns of effects across dependent variables, though further
research would be needed to support this claim. Importantly, although
robust performance effects were observed for the overall dependent
measures of interest, the vigilance decrement (i.e., a decline in per-
formance over time) was not attenuated. Thus, although electronic
presence led to more correct detections, fewer false alarms, and faster
response times when compared to no social presence, the decrement
was observed in both conditions.

The present experiment also demonstrated that video-based mon-
itoring could be used as a method of electronic presence that yields
results similar to those observed with other forms of EPM. As video-
based EPM is a relatively less intrusive form of social presence (at least
compared to visually distracting on-screen icons), this finding could
help extend the usage of EPM from primarily clerical domains to

domains that are either not computer-based (e.g., medical screenings)
or are unable to use on-screen icons (e.g., flight path monitoring).
However, the present study utilized two forms of EPM to ensure the
saliency and awareness of the electronic presence (Aiello & Douthitt,
2001) — a web-cam that was described as currently evaluating perfor-
mance and a video-recorder that was described as evaluating perfor-
mance in the future. As there is virtually no prior research that has
examined these two forms of social presence either simultaneously or
independently, it may be the case that either one of the forms of EPM
(i.e., webcam or video-recorder) produced the robust performance ef-
fects reported in the present study, or, that both forms of EPM are ne-
cessary to increase saliency and awareness, which in-turn led to the
robust performance effects. Thus, further research is needed to de-
termine whether these two forms of video-based EPM produce similar
effects. Therefore, a second experiment was conducted to determine the
extent to which webcam-based monitoring and video-recorder-based
monitoring individually affect sustained attention performance.

7. Experiment 2

Experiment one established that electronic social presence can
produce effects that are similar to traditional social presence, i.e., vig-
ilance task performance was facilitated. However, the first experiment
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Fig. 4. Median response time in milliseconds as a function of period on watch and experimental condition. Note. Error bars are standard errors.
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examined two forms of electronic presence simultaneously to assess the
effects of EPM on sustained attention performance. From the first ex-
periment, it is unclear whether both forms of video-based electronic
presence facilitate performance or if the observed results were an ar-
tifact of increased saliency and awareness (i.e., Aiello & Douthitt,
2001). Thus, the purpose of the present experiment was to replicate the
results reported in experiment one, and to extend these results by in-
dependently employing the forms of electronic presence previously
outlined. By individually examining both of the implementations of
electronic presence described in the first experiment, the present ex-
periment will determine if several forms of video-based electronic
presence can produce the previously observed results, or whether both
forms of electronic presence must be used congruently to produce
equivalent effects. The experimental task stimuli, measures, and pro-
cedure were identical to those of experiment one.

8. Method
8.1. Participants

In total, performance data from 91 participants (61 female) were
collected. Average age for participants was 18.86 (SD = 3.55), with a
range from 18 to 40 years. All participants were undergraduates re-
cruited through a psychology experiment website at a large university
in the southeastern United States. All participation was voluntary;
though participants did receive course credit for completing the study.
Identical to the first experiment, all collected data were de-identified
and all participant responses were private and anonymous. Informed
consent was obtained from each observer and this research complied
with the American Psychological Association Code of Ethics which was
approved by the Institutional Review Board at the host university where
the data was collected. At the conclusion of the study, all participants
were debriefed and were provided the opportunity to ask any questions
about the experiment.

8.2. Conditions

The present experiment employed three conditions: Control, Web-
Cam Presence, and Video-Recorder Presence. Identical to experiment one,
the Control condition contained no form of social presence throughout
any part of the experiment (i.e., demographics survey; sustained at-
tention task) and was used as a comparison group (Claypoole & Szalma,
2017). In this condition, each participant completed the entire experi-
ment completely alone in an experimental room.

Computers in Human Behavior 94 (2019) 25-34

Both the Web-Cam Presence and Video-Recorder Presence were used to
examine the effects of two forms of video-based EPM. In the Web-Cam
Presence condition, a webcam was placed on top of the computer screen
and was used to “monitor the participant's performance and engage-
ment while they completed the task”, as explicitly stated to the parti-
cipants. Participants were told that the webcam sent a live feed into the
office next door so that the experimenter could monitor their perfor-
mance while they completed the task. In the Video-Recorder Presence
condition, a video recorder was placed on a tri-pod, approximately
110 cm tall, one meter behind the participant at a 45-degree angle
(Claypoole & Szalma, 2017) and was used to “record the participant's
performance so that it could be evaluated later”, as explicitly stated to
the participants. Note that the implementation of the Web-Cam Pre-
sence, and Video-Recorder Presence were identical to the EPM condition
used in Experiment One, except that the two forms of EPM were used
individually instead of contiguously.

Both forms of electronic presence illuminated a light and presented
a cue - either auditory (i.e., video recorder) or visual (i.e., webcam) —
when they were engaged in monitoring the participant; these cues were
utilized to increase the saliency of the electronic monitoring and to
increase participants awareness of being monitored (Aiello & Douthitt,
2001). Importantly, previous research has demonstrated that the pla-
cement of electronic presence relative to the participant (i.e., placing it
in form vs. behind the participant) does not moderate performance
effects (i.e., Putz, 1975). Thus, any performance differences found be-
tween the EPM conditions should not be attributed as an artifact of
equipment placement.

9. Results

Univariate Analyses of Variance (ANOVAs) were computed for each
dependent measure of interest (i.e., correct detections, false alarms, and
response time). Performance was analyzed by a 3 (condition) by 4
(period) mixed ANOVA, with repeated measures on the second factor,
followed by LSD pairwise comparisons where appropriate. There were
91 participants across all three conditions: Control (31, 20 female);
Video-Recorder Presence (30, 20 female); and Web-Cam Presence (30, 21
female).

9.1. Correct detections

The proportion of correct detections significantly decreased across
all three conditions as a function of period on watch, F(3,
264) = 25.554, p < .001, n2p = .225 (see Fig. 5), a finding which is
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Fig. 5. The proportion of correct detections as a function of period on watch and experimental condition. Note. Error bars are standard errors. VRP = Video-Recorder

Presence; WCP = Webcam Presence.
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consistent with experiment one and the previous research on sustained
attention (i.e., Warm et al., 2008). The interaction between condition
and period on watch was not statistically significant (p = .210,
n2p = .031).

The results indicated that there was also a main effect of condition
for the proportion of correct detections, F(2, 88) = 3.280, p = .042,
n2p = .069 (see Fig. 5b). Post-hoc analyses indicated that there was a
significant difference between the Web-Cam Presence condition
(M = 0.6300, SD = 0.145) and the Control Condition (M = 0.5274,
SD = 0.184,p = .016, d = 0.62), and a trending difference between the
Video-Recorder Presence condition (M = 0.6033, SD = 0.155) and the
Control Condition (p = .072, d = 0.44). Interestingly, there were no
significant differences between participants who were monitored by a
webcam or a video-recorder, (p = .527, d = 0.18). As the reported ef-
fect sizes were not trivial, this suggests that both forms of EPM were
able to improve correct detection performance, but importantly, there
were no substantial differences in two implementations of electronic
presence, which suggests that distinct forms of video-based EPM can
produce similar effects.

9.2. False alarms

The proportion of false alarms decreased significantly across all
three experimental conditions as a function of period on watch, F(3,
264) = 7.099, p < .001, np = .075, which is consistent with the first
experiment. The interaction between condition and period on watch
was not statistically significant (p = .385, n2p = .024), and the results
indicated no significant differences across conditions in the overall
proportion of false alarms, F(2, 88) = 0.178, p = .838, 1°p = .004.
These results suggest that while false alarms declined as a function of
period on watch, a common trend in the overarching vigilance litera-
ture (Warm et al., 2008), participants who were monitored by some
form of electronic presence exhibited error rates similar to those who
completed the task alone.

9.3. Response time

Median response time increased significantly across all three ex-
perimental conditions as a function of period on watch, F(3,
234) = 32.725, p < .01, n?p = .296, which is consistent with experi-
ment one and the previous research on sustained attention (i.e., Warm
et al., 2008). The results indicated no significant differences across
conditions in the median response time, F(2, 78) = 0.975, p = .382,
n%p = .024, suggesting that participants who were monitored by some
form of electronic presence responded to critical signals at a similar
speed as those who completed the task alone. The interaction between
condition and period on watch was not statistically significant
(p = .213, n2p = .035). Table 2 provides a comparison of the perfor-
mance results observed across both experiments.

10. Experiment two discussion
While the first experiment demonstrated that electronic presence
could be used to facilitate vigilance performance, it left the question as

to whether this finding was an artifact of using multiple forms of

Table 2
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electronic presence. Thus, the purpose for the second experiment was
twofold: 1) to replicate the observed results of the first experiment by
demonstrating that electronic presence can facilitate sustained atten-
tion, and 2) to extend the results of the first experiment by examining
the individual effects of distinct forms of video-based electronic pre-
sence on vigilance task performance.

The result of the present experiment partially replicated the results
of experiment one. The electronic presence of both a webcam and a
video-recorder were associated with the facilitation of detection per-
formance in a cognitive vigilance task. However, only correct detec-
tions were increased as a result of the electronic presence, unlike the
first experiment which demonstrated that electronic presence could
also improve false alarm rates and response times. These findings
suggest that two forms of electronic presence that are employed si-
multaneously may lead to more robust performance effects relative to
the use of a singular form of electronic presence. Moreover, consistent
with the first experiment and previous research on vigilance (i.e., Warm
et al., 2008), traditional performance decrements were observed —
correct detections declined and response times increased as a function
of time. Thus, as in the first experiment, although electronic presence
was unable to fully attenuate the vigilance decrement, correct detection
rates were still improved relative to no social intervention, regardless of
the type of video-based EPM.

These novel findings provide support to the postulation that elec-
tronic presence can produce similar performance effects relative to
traditional social presence paradigms within the context of sustained
attention. However, as the current research on the effects of social
presence on vigilance task performance are limited at best, future work
should seek to compare electronic presence and human social presence
in sustained attention paradigms. This new avenue of research can
provide evidence to determine if electronic presence could be used as a
replacement in real-world vigilance tasks where physical human pre-
sence may be intrusive, such as military operations (McBride, Merullo,
Johnson, Banderet, & Robinson, 2007).

11. General discussion

Electronic performance monitoring, or EPM, has been described as
the use of technology to facilitate organizational work performance
(Aiello & Kolb, 1995), which has become increasingly more common in
a variety of occupational settings (American Management Association &
EPolicy Institute, 2007). Interestingly, the previous research examining
the effects of electronic presence have demonstrated that EPM can
improve performance when tasks are relatively easy (e.g., data-entry,
Aiello & Chomiak, 1992) or impair performance when tasks are rela-
tively difficult (i.e., problem solving, Davidson & Henderson, 2000).
These findings are consistent with the theoretical approaches of social
facilitation (i.e., Bond & Titus, 1983; Cottrell, 1972; Zajonc, 1965),
which have been argued to best explain the effects of EPM (Aiello &
Douthitt, 2001).

Unfortunately, the majority of research examining EPM has focused
on computer-based monitoring of clerical-type tasks, and has failed to
extensively examine the effects of video-based monitoring of tasks that
require sustained attention (e.g., x-ray screening, Tiwari et al., 2009).
Therefore, the impetus of the present set of experiments was to

A comparison of the performance effects associated with electronic presence (webcam and video-recorder) across both experimental conditions.

Experiment One (N = 106)

Experiment Two (N = 91)

Correct Detections ~ When implemented simultaneously, two forms of electronic
presence improved overall correct detections.

False Alarms When implemented simultaneously, two forms of electronic
presence were associated with a reduction in overall false alarms.
Response Time When implemented simultaneously, two forms of electronic

presence were associated with faster response times.

Each form of electronic presence individually improved overall correct detections, but
there were no performance differences between the two forms of electronic presence.
Neither form of electronic presence individually affected overall false alarms.

Neither form of electronic presence individually affected overall response times.
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determine the extent to which electronic presence could facilitate sus-
tained attention and if the characterization of electronic presence could
be extended to include types of video-based presence, such as webcams.

Across two experiments, video-based EPM resulted in improved
detection performance overall. Importantly, all participants experi-
enced a similar decline in detection performance over time (i.e., the
decrement). Thus, these results suggest that participants who were
monitored by video-based EPM achieved better detection performance
overall relative to participates who completed the vigil alone, and that
participants did not become insensitive to the EPM presence as per-
formance did not suffer to a greater degree in later watch periods. In
fact, there was a slight (but non-significant) uptick in correct detection
performance in the second experiment for participants in the experi-
mental conditions, which may suggest that these participants became
more sensitive to the electronic presence over time. Practically, these
results indicate that EPM is suitable for long-duration use, but future
work should extend these results in a longitudinal design.

Experiment one, which utilized two forms of video-based electronic
presence, was associated with the most robust effects on vigilance task
performance. Specifically, correct detections, false alarms, and response
times were facilitated. Experiment two, which compared the two forms
of video-based electronic presence that were introduced in experiment
one, only resulted in improved performance for correct detections, not
for false alarms or response times. So, while improved performance was
observed across both experiments, these effects were not equivalent;
employing two forms of EPM simultaneously resulted in better overall
performance than utilizing either form of EPM individually.

It is unclear, from the present results, why employing two forms of
electronic presence led to better overall performance rather than uti-
lizing either form of electronic presence individually. One possible ex-
planation is that two forms of technology increased the saliency and
awareness of the electronic presence (Aiello & Douthitt, 2001), which
therefore resulted in better overall performance. However, another
possible explanation resides in the perception of the evaluation and the
moderating effects of individual differences. In experiment two, the two
forms of social facilitation were described as two separate, unique
functions. For instance, the webcam was explained to be used to
monitor the participants' performance and engagement while they
completed the task, while the video-recorder was explained to be used to
record the participants' performance so it could be coded and evaluated
later. Thus, this distinction between present evaluation and future
evaluation may have led to different perceptions of the electronic
presence and resulted in a moderating effect of individual differences.
Put simply, it may be that individuals respond differently to the tem-
poral properties of presence, such that the connotation of “future eva-
luation” affects different individuals to a higher (or lower) degree than
the connotation of “present evaluation”, which then does not in-
dividually produce robust affects as compared to employing both types
of temporal properties. While previous research has demonstrated that
intermittent monitoring produces effects similar to those of continuous
monitoring (i.e., Bergum & Lehr, 1963, Brewer, 1995; Griffith, 1993;
Reither et al., 2012), the effects of the temporal properties of evaluation
have not been examined, especially as an individual differences vari-
able.

Additionally, it is also possible that the temporal properties of the
evaluation interacted with other known individual differences factors,
such as extraversion or intrinsic motivation (Kolb & Aiello, 1996; Uziel,
2006), to produce a moderating effect on social presence. Perhaps in-
dividuals higher in extraversion, for example, may be more concerned
with a present-based evaluation, whereas individuals with higher self-
esteem, are affected more by a future-based evaluation. However, this is
pure speculation, and future research should investigate how individual
differences moderate social facilitation effects.
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11.1. Theoretical implications

As previously discussed, theoretical explanations of social facilita-
tion are argued to encompass the effects of employing electronic pre-
sence (Aiello & Douthitt, 2001). Importantly, predominant theories of
social facilitation, including the mere presence hypothesis (Zajonc,
1965) and evaluation apprehension (Cottrell, 1972), posit that the
emission of dominant responses (otherwise commonly referred to as
‘performance’ in the literature) are facilitated by social presence on
tasks that are easy or familiar. This theoretical proposition was evident
in experiment two, which demonstrated that only correct detections
were affected by the electronic presence. Conversely, the theories of
social facilitation do not account for the reduction of errors (i.e., false
alarms) or decreased response times, as these performance metrics are
not classified as ‘dominant responses’. Thus, the predominant theories
of social facilitation, and by extension EPM, do not explain the robust
performance effects observed in the first experiment. Perhaps simulta-
neously employing two forms of electronic presence results in perfor-
mance effects that are more robust than previous theories of social fa-
cilitation have been able to account for. Toward this point, it has been
argued that the current theories of social facilitation should be ex-
panded to include performance effects outside of the emission of domi-
nant responses (Claypoole & Szalma, 2017, 2018a,b; Glaser, 1982).
Based on the first experiment presented in this article, it is clear that
‘presence’ can also influence errors of commission and response times to
target detections, which should be taken into consideration in future
refinements of social facilitation theories.

12. Conclusion

Research examining the effects of electronic presence (or EPM) have
largely failed to include applied organizational tasks, such as sustained
attention (or vigilance). As sustained attention is an integral component
of organizational sectors that require continuous high levels of perfor-
mance, such as military surveillance (McBride et al., 2007), TSA airport
baggage screenings (Tiwari et al., 2009), cockpit monitoring by pilots
(Satchell, 1993), anesthesiology (Weinger & Englund, 1990), and
electrocardiogram monitoring (Gill, 1996), current research would be
remiss to not include an examination of EPM effects on such tasks.
Thus, the present study reports the results of two experiment that each
demonstrated the extent electronic presence could improve vigilance
task performance. Both experiments demonstrated that distinct forms of
electronic presence could facilitate performance, but employing two
forms of EPM simultaneously lead to the most robust effects on overall
performance. Moreover, the present study extended the characteriza-
tion of ‘electronic presence’ to include video-based presence as opposed
to the traditionally employed computer-based presence. This distinction
may help improve the implementation of monitoring systems in orga-
nizational contexts where computer-based presence (i.e., computer
icons) and human-based presence may be intrusive, such as in military
operations (McBride et al., 2007), or impractical, such as in cockpit
monitoring by pilots (Satchell, 1993).

Although the present study provides a significant contribution to the
intersection of social presence and sustained attention, more work in
needed to clarify the observed effects. For instance, based on the pre-
sent results, it is unclear whether the robust effects in the first experi-
ment were an artifact of saliency (i.e., Aiello & Douthitt, 2001) or a
moderation of the temporal properties of the electronic presence. Thus,
it would be prudent to conduct an analysis on the perception of the
electronic presence to determine whether saliency, awareness, or the
temporal properties of presence moderate the facilitation of perfor-
mance. Similarly, future work should seek to extend the current para-
digm to include an examination several implementations of electronic
presence, including video-based, computer-based and robotic presence,
to determine the extent to which performance effects are moderated by
EPM type.
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Most importantly, future work should extend the current laboratory-
based results into organizational contexts to replicate these findings. It
would also be prudent for these experiments to assess the potential
workload and stress imposed onto the workers to determine if EPM is a
viable option for industrial performance improvement, especially as it
has been previously argued that EPM may reduce employee satisfaction
and feelings of control in office environments (i.e., Douthitt & Aiello,
2001; Sewell, 1998; Stanton & Barnes-Farrell, 1996). The findings of
these proposed experiments could lead to a cost-effective and easily
implemented solution (i.e., Claypoole & Szalma, 2017) for improving
the performance of high-risk sustained attention tasks, which could
ultimately lead to fewer nuclear meltdowns (Reinerman-Jones,
Matthews, & Mercado, 2016) and breaches of homeland security
(Hancock & Hart, 2002; Meuter & Lacherez, 2016).
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