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ABSTRACT
The capacity for superior vigilance can be trained by using knowledge of results (KR). Our present 
experiments demonstrate the efficacy of such training using a first-person perspective movement 
videogame-based platform in samples of students and Soldiers. Effectiveness was assessed 
by manipulating KR during a training phase and withdrawing it in a subsequent transfer phase. 
Relative to a no KR control condition, KR systematically improved performance for both Soldiers 
and students. These results build upon our previous findings that demonstrated that a video game-
based platform can be used to create a movement-centred sustained attention task with important 
elements of traditional vigilance. The results indicate that KR effects in sustained attention extend to 
a first person perspective movement based paradigm, and that these effects occur in professional 
military as well as a more general population. Such sustained attention training can save lives and 
the present findings demonstrate one particular avenue to achieve this goal.

Practitioner Summary: Sustained attention can be trained by means of knowledge of results using 
a videogame-based platform with samples of students and Soldiers. Four experiments demonstrate 
that a dynamic, first-person perspective video game environment can serve to support effective 
sustained attention training in professional military as well as a more general population.

Introduction

Vigilance tasks are defined as tasks that require moni-
toring for specific stimulus events (‘signals’ or ‘targets’) 
over prolonged periods of time (Davies and Parasuraman 
1982; Warm 1984). Not unexpectedly, the capacity to sus-
tain attention is an important element in diverse opera-
tional environments, which include, but are not limited 
to, aviation (Pigeau et al. 1995; Wiggins 2011), indus-
trial process control (Drury 2015;  Sheehan and Drury 
1971), medicine (Paget, Lambert, and Sridhar 1981; Gill 
1996; Meyer and Lavin 2005) and military operations 
(Lieberman, Castellani, and Young 2009). With respect 
to military contexts, detection of improvised explosive 
devices (IEDs) is a critical task that requires sustained 
attention (Martin and Karthaus 2009; Vaughan et al. 
2009). IEDs are a major threat to individuals deployed to 
diverse combat zones. It is therefore crucial that methods 
be developed to improve the capacity to detect and elim-
inate these threats. Hence, improvements in sustained 
attention capacities can be pivotal and this importance 
extends across an exceptionally wide spectrum of oper-
ational contexts.

One of the most ubiquitous findings in vigilance is that 
detection performance declines with time on watch (See 
et al. 1995). Given the importance of sustained attention 
for many forms of threat assessment or anomaly detection, 
it is pivotal that training procedures for this capacity be 
developed and improved. The purpose of our work was to 
develop and refine a video game-based training regimen 
for enhancing sustained attention. This represents the first 
effort to develop sustained attention training in a first-per-
son perspective video game. Previous work established 
the first-person movement paradigm for sustained atten-
tion (Szalma et al. 2014). In traditional vigilance research, 
stimuli are almost ubiquitously presented in discrete tri-
als and/or appear against a continuous background of 
‘noise’ (non-signal stimuli) or the absence of stimulation 
(for examples of the latter, see Wilkinson 1961; Loeb and 
Schmidt 1963).

The methodological basis for vigilance in a first-person 
perspective movement in a video game environment is 
described in Szalma et al. (2014). The goal for that work 
was to develop a training module for sustained attention 
using a first-person perspective video game. This involved 
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observed) and a relatively impoverished perceptual envi-
ronment in which the task is performed. Vigilance tasks are 
also characterised by the lack of control by the observer 
with respect to the rate of stimulus presentation, the 
length of the monitoring task, the positioning or organisa-
tion of displays to be monitored, and the context in which 
the task is performed (and see Hancock 2013, 2014).

Training for vigilance

Training for vigilance is usually accomplished by providing 
performance feedback in the form of knowledge of results 
(KR). KR is a form of feedback in which the feedback pro-
vides information regarding the outcome of a participant’s 
response. It differs from knowledge of performance in that 
the latter provides information regarding the quality of the 
response itself rather than the outcome of that response. 
KR has been the preferred method for training vigilance, 
and it is usually provided immediately after a response or 
a failure to respond (Warm and Jerison 1984). Feedback 
is most often provided on a trial-by-trial basis but it can 
also be in a summary form after a particular block of trials 
has been completed. Research on the utility of KR for the 
training of sustained attention has demonstrated improve-
ments in response time (McCormack 1959; McCormack, 
Binding, and Chylinski 1962; Warm, Epps, and Ferguson 
1974), as well as detection accuracy (Mackworth 1950; 
Wiener 1963, 1967; Chinn and Alluisi 1964; Becker, Warm, 
and Dember 1994; Szalma et al. 1999; Szalma, Hancock, 
Dember et al. 2006).

In general, training on a particular task transfers most 
strongly to tasks with stimulus properties equivalent or 
highly similar to those experienced during the training 
intervention (Osgood 1949; Ellis 1965). The extant litera-
ture on training for vigilance is consistent with this gener-
alisation, indicating that the characteristics of a vigilance 
task itself can determine training effectiveness (e.g. Becker, 
Warm, and Dember 1994; Szalma et al. 1999; Szalma, 
Hancock, Dember et al. 2006; Szalma, Hancock, Warm 
et al. 2006; Hausen 2008). In one early example of this, 
Wiener (1967) reported that training on a visual task exhib-
ited stronger transfer of detection accuracy to another 
visual task than to a generally comparable auditory task. 
Similarly, Epps (1973) observed no inter-sensory transfer 
of training for accuracy, although there was evidence of a 
positive inter-sensory transfer for response time.

Later work has established that another taxonomic cat-
egory, stimulus discrimination type, also exhibits speci-
ficity in transfer of training. Vigilance tasks generally may 
be categorised according to the type of discrimination 
required: successive or simultaneous (Parasuraman and 
Davies 1977; Parasuraman 1979; Davies and Parasuraman 
1982). In successive tasks the observer compares a stimulus 

incorporating elements of vigilance tasks into the game 
environment, i.e. a monitoring requirement in which oper-
ator response options were restricted to indicating target 
presence and location, so that operator control over the 
task was limited. The pace of movement was set to a con-
stant that the observer could not change, nor could the 
observer influence the ‘camera’ showing the environment. 
Minimal control is a feature of vigilance tasks (Hancock 
1998, 2013; Scerbo 1998). In addition, targets appeared 
at unpredictable time intervals and locations. Finally, the 
task was designed to be monotonous, with the observer 
being ‘moved’ through the same environment repeatedly 
(i.e. they would be moved along a street in a rural village 
to an end-point, then returned along the same path).

In general, vigilance tasks are effortful in that they 
require observers to maintain attention to the display. 
One manifestation of this is that factors that increase 
information processing demands, such as discrimination 
difficulty and event rate, are positively associated with 
workload and stress (Warm, Parasuraman, and Matthews 
2008). Specifically, the typical ‘stress profile’ associated 
with vigilance is a pre-post decline in the motivational/
energetic dimensions of stress (task engagement) and an 
increase in affective symptoms of stress (distress; Warm, 
Parasuraman, and Matthews 2008). Consistent with these 
general findings, the task developed by Szalma et al. 
(2014) exhibited pre-post declines in task engagement 
and increased distress.

Our present work tests the effectiveness of training 
sustained attention using a video game platform in a 
professionally involved sample (US Army Soldiers) and 
compared their results with those of a more general pop-
ulation typically used in vigilance research (i.e. college stu-
dents). We investigated whether the video game-based, 
first-person movement task showed KR effects similar to 
those observed in previous research using more traditional 
vigilance tasks, and whether these effects were similar 
across the student and Soldier populations.

The sustained attention paradigm

Experiments in sustained attention have used many 
different forms of stimuli and discrimination types, and 
there is a vigilance taxonomy that identifies task char-
acteristics known to moderate sustained attention (see 
e.g. Parasuraman and Davies 1977; Parasuraman 1979; 
Davies and Parasuraman 1982; Warm and Dember 1998). 
However, there are also other task features associated with 
the traditional vigilance paradigm. These include a low rate 
of signal presentation, prolonged monitoring of relatively 
uninteresting displays, temporal uncertainty regarding 
target presentation, relatively demanding perceptual dis-
criminations (for tasks in which accuracy decrements are 
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event against a standard that must be retained in memory 
(i.e. an absolute judgment). In contrast, simultaneous tasks 
require an observer to compare stimulus elements directly 
to another element; both being present on the display (i.e. 
a comparative judgment). Training on a task consisting of 
either a successive or a simultaneous discrimination gen-
erally transfers to a task within the same discrimination 
category, but KR training for one task type does not trans-
fer to the other type of task (Becker, Warm, and Dember 
1994; Szalma et al. 1999).

Most accounts of KR effectiveness for training vigilance 
explain such effects in terms of either learning or moti-
vation. Early studies established that even false feedback 
can improve performance relative to a no-feedback con-
trol group (Mackworth 1964; Warm, Epps, and Ferguson 
1974). This finding served to indicate that the basis for KR 
effects lies partly in motivation (Warm et al. 1972; Warm 
et al. 1973  for early reviews see Davies and Tune 1969; 
Warm and Jerison 1984). However, an argument for the 
informational value of KR was supported also by evidence 
that (i) veridical KR yields higher accuracy scores than false 
feedback (Mackworth 1964), (ii) for demanding tasks, KR 
effectiveness is attenuated by acoustic noise stimuli (Becker 
et al. 1995), (iii) performance benefits of KR persist during 
sessions in which it is not provided (i.e. transfer of training; 
Wiener 1963, 1967, 1968; Becker, Warm, and Dember 1994; 
Szalma et al. 1999), and (iv) KR training is task specific.

It may be that KR effects are primarily motivational with 
respect to relatively simple forms of discrimination (e.g. 
cases in which the performance decrement manifests as an 
increase in response time). However, KR may provide both 
informational and motivational sources for more difficult 
discriminations (i.e. tasks in which decrements in detection 
accuracy are observed). Thus KR may facilitate both learn-
ing and motivation in difficult tasks, but the mechanisms 
by which feedback exerts its effects on vigilance have not 
yet been clearly articulated to the present time (Szalma 
et al. 2011). Nevertheless, KR remains the best available 
known tool for training vigilance, and it is this approach 
adopted for the present work.

In most studies of KR effects on vigilance, feedback 
and no-feedback conditions have been compared in per-
formance in a single training vigil (e.g. McCormack 1959; 
McCormack, Binding, and Chylinski 1962; McCormack, 
Binding, and McElheran 1963; Chinn and Alluisi 1964; 
Dittmar, Warm, and Dember 1985; Becker et al. 1995; 
Szalma, Hancock, Dember et al. 2006). However, such an 
approach can establish only that feedback changes per-
formance during the session in which it is provided. That 
is, one cannot disambiguate learning from performance 
effects (Salmoni, Schmidt, and Walter 1984). Learning can 
be evaluated via transfer of training, in which a training 
session is followed by a test or transfer phase where the 

training intervention is withheld. Performance superiority 
in transfer can thus be interpreted as a learning effect, if 
performance in training is maintained during transfer at 
a level higher than that of a control group that did not 
receive such training (Salmoni, Schmidt, and Walter 1984).

A new sustained attention paradigm: a first-person 
perspective video game-based task

Our primary goal here in the present experimental 
sequence was to evaluate whether KR training effects 
extend to a video game-based vigilance task. We previ-
ously determined that a video game environment, which 
is typically interesting and engaging (Hancock 2013), could 
be modified to be a monotonous vigilance task (Szalma  
et al. 2014). We developed a task that replaced the discrete 
static displays with first-person movement through a video 
game environment, but retained many of the key ele-
ments of the vigilance paradigm (i.e. prolonged monitor-
ing requirement; monotony; relatively infrequent targets 
appearing with high temporal uncertainty; Hancock 2013). 
As the present work was part of a programmatic effort to 
develop a military training module for vigilance, one goal 
for our experiments here was to determine the efficacy 
of the training procedure for Soldiers. Thus, performance 
from both student and Soldier samples were considered.

KR may influence both motivation and learning, and the 
latter likely includes learning to discriminate signals from 
non-signals. Thus, KR training should extend to a vigilance 
task featuring first-person ‘movement’ through a scenario. 
However, if this novel environment is sufficiently different 
that the learning required is not supported by KR then 
feedback may not be effective for training vigilance using 
movement-based video game environments. One purpose 
for the present work is to investigate whether KR effects 
in the new ‘vigilance on the move’ task are comparable to 
those observed with traditional tasks.

Vigilance on the move is very different from traditional 
tasks, and it is not clear whether KR is as effective for such 
tasks as it is for traditional static displays. Although the 
present task was purposefully designed to have character-
istics of vigilance tasks, it also contains features that differ 
substantially from traditional tasks. The major differences 
include first-person based movement (traditional vigilance 
tasks include stimulus movement on a screen, but not 
movement through an environment), a perceptually rich 
‘real world’ environment (most vigilance tasks in research 
have involved relatively simple stimuli presented against 
a perceptually impoverished background; but see Head 
and Helton 2012), and continuous stimulation rather than 
discrete trials. Given these differences, it is important to 
determine whether experimental manipulations inves-
tigated using traditional vigilance displays have similar 
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sequence of targets that is repeated across participants 
(Mackworth 1950; Szalma et al. 1999, Szalma, Hancock, 
Warm et al. 2006). However, targets were placed at random 
for our video game-based procedure so that when the final 
version of the task was developed it could be completed 
multiple times by Soldiers using the training module.

Definition of performance blocks

In traditional vigilance, outcome performance is analysed 
across blocks of time (often referred to as periods on 
watch; Mackworth 1948, 1950). For the present task how-
ever, it was more coherent (and consistent across admin-
istrations of the training module) to define performance 
epochs in terms of repetitions of the route travelled. One 
repetition was defined as traveling along a pre-determined 
route from a starting point to an end waypoint, and then 
returning to the original starting position (see Figure 1(A)). 
For experiments 1 and 2 each block was comprised of one 
completion of a route (out and back; 3.06 min periods). For 
experiments 3 and 4 each block was defined as two repeti-
tions of the route (6.12 min periods). In all experiments the 
route to be traversed was 165.4 m in length (from waypoint 
to waypoint), so that the distance traversed for each route 
repetition was a total of 330.8 m. The choice of route length 
was arbitrary, except that it provided a path for movement 
through a rural Afghan village, with sufficient variation in 
structures and target placement options.

Method

Experimental design

The experimental design employed in our first experiment 
was a 2 (Complete KR vs. No KR) by 5 (period on watch) 
mixed ANOVA with repeated measures on the last factor 
for the training phase. For the transfer phase the design 
was a 2 (Complete KR vs. No KR) by 8 (period on watch) 
mixed ANOVA with repeated measures on the second fac-
tor. KR was ‘complete’ in that participants were provided 
feedback regarding each correct detection, false alarm, 
and missed target. As this task was designed for use with 
Soldiers, all participants were also provided with summary 
feedback immediately after the training session. Thus, the 
focus of this study was to evaluate KR effectiveness after 
each individual response (or failure to respond).

Participants

Thirty-two undergraduate students (13 female and 4 male 
in the Complete KR condition, 11 female and 4 male in 
the No KR condition) participated in the experiment in 
exchange for course credit. Ages ranged from 18 to 24 
(M = 18.7; SD = 1.2).

effects when applied to a video game-based task featuring 
first-person movement.

A second purpose for the present work was to deter-
mine whether KR effects on vigilance using this task 
generalise from the commonly used student samples to 
a sample of military personnel. Given potential differ-
ences in motivation and previous experience in target 
detection, it is not clear that patterns of performance 
observed for student and Solider populations would be 
comparable. Hence, in the present sequence of experi-
ments identical versions of the task were administered 
to samples from the two populations to determine their 
comparability. This has implications for future research 
and application, as data collection from active duty mili-
tary personnel are difficult to obtain due to limited avail-
ability for participation and other logistical constraints. 
However, if Soldiers and students exhibit similar patterns 
of performance as a function of KR, then future studies 
on training for vigilance can employ student samples 
to test variations in task parameters and training proce-
dures prior to final testing on the samples from military 
populations.

The hypotheses were: (1) If the effects of KR observed 
in previous vigilance research extend to a task featuring 
first-person ‘movement’ through a video game-based 
environment, then KR should improve performance dur-
ing both training and transfer phases; and (2) If KR effects 
generalise across different populations, then these perfor-
mance effects should be similar across samples of under-
graduate students and Soldiers.

Experiment 1: a video game-based vigilance 
training module

In this first procedure the Virtual Battlespace 2 (VBS2) soft-
ware was used to create the present task environment. 
The testing scenario consisted of movement through a 
virtual Afghan village in which the same route (out and 
back) was repeated a specific number of times. These 
routes are experienced from a first person perspective. 
The observer did not control the pace of movement nor 
the rotation of the camera view (limited control or choice 
being a salient feature of vigilance tasks). Participants 
proceeded at a set pace through this virtual environment, 
and their task was to monitor the presented environment 
for targets to be detected. The observer responded via a 
mouse click centred on any identified target. The scenario 
was populated with objects/animals/people etc. to make 
detecting signals sufficiently difficult to ensure that the 
task was attentionally demanding. Although the non-tar-
get objects and events in the scenario were fixed across 
administrations of the task, the location and timing of 
target presentation varied randomly across participants. 
It is typical in vigilance to have a random spatiotemporal 
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Targets for the present experiment are illustrated in 
Figure 1(B). Specifically, these were a Fuel Can, a Trash Bag, 
a Dead Animal, a Motorcycle Battery and a Wood Box Top. 
Target stimuli selected, and their placement in the envi-
ronment, were also based on our earlier procedure using 
two-alternative forced choice to ensure that observers 
could detect the targets under alerted conditions (Szalma 
et al. 2014). Sets of targets were defined at several points 
along the path, and in each case the software randomly 
selected one target from the set for placement in a par-
ticular location for a given repetition of the route. This 
prevented repeated target patterns being presented to 
participants and thus any potential contamination due to 
memory capacity.

The frequency of target placement was set to one target 
per half minute (1/30 s), so that every 30 s the software 
selected a target from the pool of available target stim-
uli at the specified location. This target was then placed 
in the scene against a background of comparable non- 
targets (e.g. burlap sacks, wooden pallets, and grey sacks 
that resembled the Yellow Fuel Can, Wooden Box Top and 
the Dead Animal, respectively). Note that because of the 
variation in target locations it was not possible to ensure 
that every target appeared on screen for a fixed time 

Task

The vigilance scenario was created using a Geotypical 
Afghanistan Representation (a preloaded terrain map 
within VBS2 Mission Editor; see Figure 1(A)). In our vig-
ilance scenario, a route through an Afghan village was 
constructed by creating boundaries on either side of the 
waypoints with buildings, walls and trees. A variety of 
objects (e.g. civilians, animals, walls, small trash piles, tall 
grass and carts) were placed around the path. These served 
to facilitate target occlusion which enabled control of the 
timing of target onset.

Movement rate through the scenario was 1.8 m/s, which 
was based on our earlier pilot testing that indicated that a 
lower rate (1.5 m/s) resulted in performance ceiling effects 
and a higher rate (2.2. m/s) resulted in a floor effect (Szalma 
et al. 2014; see also Isard and Szalma 2015). This speed 
of movement also determined the time associated with 
completion of the route, and thus the length of the overall 
vigil. This was adjusted by setting the number of route 
repetitions to achieve the desired length of time for each 
block as well as for the entire vigil. For the first two exper-
iments the training vigil was set to five repetitions and the 
test vigil was set to eight repetitions.

Figure 1. (A) Aerial view of the scenario with waypoints depicted as blue teardrop shapes. This is also the view used to build the scenario, 
as this perspective facilitates more precise placement of objects within the environment; (B) Targets to be detected.
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Correct detections were defined as mouse click 
responses that occurred within a 1 m radius of a target. 
This allowed participants to respond to a target without 
the requirement to click exactly on the target itself (i.e. to 
account for intrinsic mouse accuracy discrepancies, etc. as 
described by Fitts’ Law; Fitts 1954).

Feedback conditions

During the training phase, feedback regarding correct 
detections, false alarms and missed targets were presented 
on the screen in white lettered text superimposed on the 
scenario as the participant responded or failed to respond 
(e.g. see Figure 2(A)). At the end of this training phase, sum-
mary KR was presented to participants on a white screen 
(for an example see Figure 2(B)).

Experimental procedure

Participants completed the tasks in a group setting with 
the number of personnel present on different occasions 
ranging from 2 to 8. Each participant was seated in a cubicle 
that prevented visual contact with any other participants, 
and each participant wore noise canceling headphones 
to prevent distraction from ambient noise (Szalma and 
Hancock 2011, 2012). Participants experienced a 15.3 min 
training vigil divided into five continuous 3.06 min periods, 

period. The time each target was visible on screen varied 
as a function of its specific location and in some cases the 
timing of its emergence from behind other stimuli in the 
environment.

The target presentation rate was based on previous 
research in which critical signals were presented 1–2 
times per minute (e.g. Szalma et al. 2004; Szalma, Hancock, 
Dember et al. 2006; Szalma, Hancock, Warm et al. 2006). 
Note that traditional vigilance tasks tend to utilize low sig-
nal probabilities (e.g. below 5% or 10% of stimulus events; 
the studies cited above used signal probabilities from 2.5 
to 6.6%). This can be easily accomplished when discrete 
trials are used, because in such cases there are specified 
numbers of stimulus events. In a continuous task such as 
used here, the number of non-stimulus events is indefinite 
and cannot be easily specified as in traditional discrete trial 
tasks. To approximate the low target prevalence used in 
previous research, we adopted a target rate of 2 per minute 
(approximately 6 per period on watch). In the aforemen-
tioned studies, the 6.6% signal probability corresponded 
to two signals per minute.

Note that the undefined number of non-signal events 
made computation of the proportion of false alarms 
impossible (without arbitrarily discretising the continuous 
vigil into time epochs. For this reason signal detection the-
ory measures could be computed, and analyses of false 
alarms employed frequencies rather than proportions.

Figure 2. (A) Feedback presented during the training vigil for correct detections, false alarms, and missed signals. note that miss Kr was 
provided after the target moved off screen and out of the field of view, and the participant did not respond by clicking on it (see red 
arrow). (B) summary Kr screen presented to participants after the training vigil.
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two conditions indicated a medium-to-large effect size. 
Participants in the KR condition (M  =  0.73, SD  =  0.14) 
achieved higher detection scores than those in the No KR 
control condition (M = 0.65, SD = 0.12; d = 0.61). Neither 
the main effect for period on watch nor the KR by period 
interaction proved to be statistically significant (p > 0.41 
in each case). There were no statistically significant effects 
for false alarms (p > 0.28 in each case).

For response time to correct detections, significant 
effects were observed for period on watch, F(4,120) = 
5.40, p = 0.001, ε = 0.874, �2

p
 = 0.15, and for KR, F(1,30) = 

14.65, p = 0.001, �2
p
 = 0.33. The interaction between these 

factors was not statistically significant (p = 0.096; �2
p
 = 0.06). 

As can be seen in Figure 3(B), response times fluctuated 
across periods. In addition, individuals in the KR condition 
(M = 6.81, SD = 1.43) achieved faster response times than 
those in the No KR condition (M = 8.71, SD = 1.37; d = 1.35).

Transfer phase

Effects for the transfer phase are illustrated in Figure 3(C) 
and (D), and the means and standard deviations are given 
in Table A2 of the Appendix 1. Here, a statistically signifi-
cant effect of KR was observed for the proportion of cor-
rect detections, F(1,30) = 7.40, p  =  0.011, �2

p
 = 0.20 (see 

Figure 3(C)). Participants who received KR feedback during 
training achieved higher detection scores during trans-
fer (M = 0.78, SD = 0.09) than those who did not receive 
such training (M = 0.66, SD = 0.16; d = 0.94), and it should 
be recalled that in the transfer phase neither condition 
received performance feedback. There were no statistically 
significant effects for period on watch or the interaction of 
KR and period (p > 0.16 in each case).

There were no statistically significant effects for false 
alarms (p > 0.18 in each case). For response time to correct 
detections a statistically significant effect was observed 
for period on watch, F(7,182) = 4.00, p = 0.001, ε = 0.794, 
�
2

p
 = 0.13. As can be seen in Figure 3(D), response time 

fluctuated across periods for both KR conditions, but in no 
discernably consistent manner. There were no statistically 
significant effects for KR (p = 0.13, although there was a 
medium-to-large effect size, d = 0.60) or the interaction 
between KR and period (p = 0.85; �2

p
 = 0.02).

Discussion

In this first experiment there proved to be no significant 
main effect of period on watch for the proportion of cor-
rect detections during the training phase. However, there 
was a medium-to-large but non-significant effect of KR on 
correct detections (d = 0.61). Manipulating KR did not sig-
nificantly affect the number of false alarms committed by 
each group during the training phase. However, a notable 

and a 24.5 min transfer vigil (i.e. a test phase in which no 
feedback was provided) divided into eight continuous 
3.06 min periods.

Prior to engaging in the training vigil, participants 
viewed a PowerPoint presentation that provided instruc-
tions, example images, and video clips showing the tar-
gets in the VBS2 environment. This video-based instruction 
regarding target properties was designed to minimise 
practice effects regarding familiarity with the targets them-
selves and the video game environment in general during 
the early period of training. Such effects were observed 
during the development of the tasks (Szalma et al. 2014). 
Short 10–15 s video clips were created for each type of tar-
get (Trash Bag, Fuel Can, Dead Animal, Motorcycle Battery 
and Wooden Box Top) to demonstrate their appearance 
within the scenario.

Participants were also briefed on the definition of vig-
ilance, its importance, and the task scenario. This descrip-
tion is shown below.

The term vigilance is used to describe the capability 
to sustain attention during extended periods of time. 
Humans find it very difficult to maintain high levels of 
attention over time and this leads to worse performance 
the longer they are expected to perform. The goal of 
being vigilant is usually to detect something in a particu-
lar situation or environment.

These descriptions were developed for use with the 
Soldier samples to improve their understanding of the 
importance of this task and of the experiment, and they 
were used for the student samples for purposes of compar-
ison. The instructions were read aloud to the participants 
as they were led through the PowerPoint presenta-
tion, after which participants completed the two vigils. 
Administration of the training and transfer phases were 
fully controlled by the VBS2 software package.

Results

For analyses of both the training and transfer phases, 
degrees of freedom for within-groups effects were 
adjusted using Box’s epsilon to correct for violations of 
sphericity (see Maxwell and Delaney 2004). For complete-
ness, the unadjusted degrees of freedom are reported with 
the Box’s epsilon used to adjust the degrees of freedom. 
The p-values correspond to the adjusted tests.

Training phase

The results are illustrated in Figure 3, and the means and 
standard deviations are summarised in Appendix 1 Table 
A1. For the training phase results indicated a non-sig-
nificant but substantive effect for KR on the proportion 
of correct detections, F(1,30) = 3.53, p = 0.070, �2

p
 = 0.10 

(see Figure 3(A)). Comparisons of the means for the 
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students participating in exchange for course credit. 
Problems associated with using college student samples 
have been well documented (e.g. McNemar 1946; Oakes 
1972). In the history of vigilance there have been limited 
opportunities to investigate whether performance effects 
observed in convenience samples (in this case, students) 
are similar to performance effects associated with actual 
operators, using the same task procedures. This is particu-
larly true for military settings (Craig 1984).

The task developed here was intended to be used for 
training Soldiers, and therefore we tested the vigilance 
training module using Soldiers from two US Army bases, 
replicating the same task procedure from Experiment 1, 
with the exceptions noted in the method section below.

Method

Experimental design

The design for the training phase was a 2 (Complete KR vs. 
No KR) by 5 (period on watch) mixed ANOVA with repeated 
measures on the last factor. All participants were provided 
summary feedback immediately after the training phase. 
For the transfer phase the design was a 2 (Complete KR vs. 

finding was an increased speed of correct responses for the 
KR group relative to the No KR group. Thus, KR served to 
improve both accuracy and speed in responding to targets, 
although the effect was stronger for the latter dependent 
measure.

Although the effect of KR on the proportion of correct 
detections was non-significant in the training phase, in the 
transfer phase there was a clear benefit of training with 
feedback, as the KR group detected more targets com-
pared to the No KR group and the effect size was large 
(d = 0.94). However, the advantage of KR on response time 
for correct detections observed in the training phase did 
not extend to the transfer phase; there was no significant 
main effect of KR on response time to correct detections, 
although the magnitude of the effect was in the medi-
um-to-large range (d = 0.60). Thus, for participants who 
received KR during training, the performance benefits 
extended to the transfer phase were stronger for detection 
accuracy than for the speed of response.

Experiment 2: the Soldier sample

Like many areas of psychology, vigilance researchers have 
employed samples of convenience; mostly undergraduate 

Figure 3. Experiment 1: Proportion of correct Detections (A) and response Time to correct detections (B) as a function of period on 
watch during training for both Kr conditions; and Proportion of correct Detections (c) and response Time to correct detections (D) as a 
function of period on watch during transfer for both Kr conditions.
note: Error bars are standard errors.
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Results

With respect to final numbers, there were 38 Soldiers (35 
male, 1 female, 2 unreported) in the Complete KR condi-
tion and 34 participants (32 male, 2 female) in the No KR 
control group. The data from eight participants could not 
be analysed because of technical problems with the execu-
tion of the procedure for these individuals. For analyses of 
both the training and transfer phases, degrees of freedom 
for within-groups effects were adjusted using Box’s epsi-
lon to correct for violations of sphericity (see Maxwell and 
Delaney 2004). For completeness, the unadjusted degrees 
of freedom are reported with the Box’s epsilon used to 
adjust the degrees of freedom. The p-values correspond 
to the adjusted tests.

Training phase

Results for detections, false alarms and response times 
are illustrated in Figure 4(A)–(C), respectively. Means and 
standard deviations for the training phase are reported in 
Table A3 of the Appendix 1. For the proportion of correct 
detections a statistically significant effect was observed 
for KR, F(1,70) = 15.98, p < 0.001, �2

p
 = 0.19. The effects for 

period and for the interaction between KR and period were 
not statistically significant (p > 0.10 in each case). Relative 
to Soldiers in the No KR control condition (M  =  0.68, 
SD = 0.16), those who received KR detected a higher pro-
portion of targets during training (M  =  0.80, SD  =  0.09; 
d = 0.94; see Figure 4(A)).

For false alarms, a statistically significant effect was 
observed for period on watch, F(4,280) = 9.10, p < 0.001, 
ε = 0.707, �2

p
 = 0.12, in which false alarms declined over 

time (see Figure 4(B)). The effect for KR and the interaction 
between KR and period were not statistically significant 
(p  >  0.20 in each case). The magnitude of the pair-wise 
effect size for the KR conditions was negligible (d = 0.05).

For response time to correct detections a significant 
effect was observed for period on watch, F(4,280) = 7.83, 
p < 0.001, ε = 0.934, �2

p
 = 0.10, and for KR condition, F(1,70) 

= 5.83, p = 0.018, �2
p
 = 0.08 (see Figure 4(C)). The interac-

tion between these factors was not statistically significant 
(p = 0.537, �2

p
 = 0.01). Response time increased over the 

first three periods and then declined thereafter, and par-
ticipants in the KR condition (M = 6.26, SD = 1.42) achieved 
faster response times than their cohort in the control con-
dition (M = 7.14, SD = 1.66; d = 0.57).

Transfer phase

Means and standard deviations for the transfer phase are 
reported in Table A4 of the Appendix 1. Mean propor-
tion of correct detections during the transfer phase are 
shown as a function of period on watch in Figure 4(D). 

No KR) by 8 (period on watch) mixed ANOVA with repeated 
measures on the second factor.

Experimental participants

The Soldiers were selected for participation on the basis 
of their availability at the time of data collection, as deter-
mined by their commanding officers. Seventy participants 
(1 female, 66 male, 3 unreported; N = 70) comprised the 
sample from the first data collection site. Thirty-seven of 
these (1 female, 34 males, 2 unreported) were in the KR 
condition, while 33 (0 female, 32 male, 1 unreported) were 
in the No KR condition. Their ages ranged from 18 to 49 
(M = 23.9; SD = 4.9). The sample from a second data collec-
tion site was comprised of 10 participants (2 female) aged 
between 20 and 30 years old (M = 23.9, SD = 3.4). Five (0 
female, 5 male) were in the KR condition, and five (2 female, 
3 male) in the No KR condition. Thus, for the combined 
sample there were 42 (39 males, 1 female, 2 unreported) in 
the KR condition and 38 (35 males, 1 female, 1 unreported) 
in the No KR condition. Preliminary analyses indicated that 
there were no performance differences between the two 
samples of Soldiers in either the training or transfer vigil.

Task

The sustained attention task was identical to that used in 
Experiment 1.

Procedure

Participants were briefed on the vigilance task after they 
provided informed consent and completed a demo-
graphic questionnaire. Task instructions were provided 
via PowerPoint, with the researcher reading the instruc-
tions aloud. Soldiers reviewed the PowerPoint in pairs, but 
completed the sustained attention tasks individually. The 
group administration of the tasks differed from that of the 
Laboratory (Experiment 1) in that (i) an additional group of 
Soldiers were present in the same classroom participating in 
a different experiment which was a test of the decision-mak-
ing task developed by the US Army Research Laboratory 
(ARL); and (ii) participants completed the tasks in a classroom 
and could thus see one another (i.e. there were no cubicles 
separating the Soldiers, although they did wear noise can-
celling headphones). All Soldiers participated in both the 
sustained attention task and the ARL decision-making task. 
Thirty-seven Soldiers (1 female, 34 males, 2 unreported) 
completed the sustained attention task first; while 33 (all 
males) completed it second. Following the instructions, 
Soldiers were asked to wear noise-cancelling headphones, 
and to complete the training and transfer phases of the task. 
Upon completion of the sustained attention task, they were 
debriefed and dismissed.



ERGONOMICS   491

The effects for KR (p  =  0.065; d  =  0.40) and the interac-
tion term (p = 0.690, �2

p
 = 0.01) were not statistically sig-

nificant, although the medium effect size for the former 
suggests that KR reduced response time relative to the no 
KR condition.

Task order effects

The sustained attention task was completed by partici-
pants either before or after the decision-making task. Task 
order was evaluated in a separate analysis because the 
Soldiers who completed both tasks comprised a subset of 
the overall sample. Of the Soldiers who provided complete 
data, 34 (KR condition: 17 male, 1 female, 2 unreported; No 
KR condition: 14 male, 0 female) completed the sustained 
attention task first, and 27 (KR: 12 males, 0 females; No KR: 
15 males, 0 females) completed it second. Further analysis 
was conducted in which the effect of task order (i.e. the 
VBS2 vigilance task and the ARI decision-making task) on 
performance was evaluated.

Training phase
A 2 (KR condition) by 2 (task order) by 5 (period on watch) 
ANOVA was computed for each dependent measure. 
There were no significant effects involving order for the 
proportion of correct detections (p > 0.14 in each case). 
A significant order effect was observed for the frequency 
of false alarms, F(1,57) = 8.92, p = 0.004, �2

p
 = 0.14. Fewer 

Statistically significant effects were observed for period 
on watch, F(7,490) = 2.20, p = 0.040, ε = 0.0.879, �2

p
 = 0.03, 

and for KR, F(1,70) = 4.69, p = 0.034, �2
p
 = 0.06. The interac-

tion term was not statistically significant (p = 0.284, �2
p
 = 

0.02). Participants in the KR condition (M = 0.78, SD = 0.13) 
achieved higher detection scores than those in the No KR 
control group (M = 0.70, SD = 0.18; d = 0.51). The effect size 
here is in the medium range, suggesting that the non-sig-
nificant effect may have been due to large within-group 
variability, although another possibility is that the effect 
was attenuated by fluctuations associated with relatively 
short time epochs (3.06 min) used to demarcate periods 
on watch.

For false alarms there was a statistically significant effect 
observed for period on watch, F(7,490) = 4.49, p = 0.003, 
ε = 0.485, �2

p
 = 0.06 (see Figure 4(E)). False alarm frequency 

declined with time on task. There were no statistically sig-
nificant effects for KR (p = 0.094, although d = 0.40) or for 
the interaction between KR and period (p  =  0.081; �2

p
 = 

0.03). However, again this may be due to fluctuations over 
short time periods or to the large within group variability 
in false alarms, particularly in the No KR condition (see 
Table A4 in the Appendix 1 and Figure 4(E)).

For response time to correct detections there was a 
significant effect for period on watch, F(7, 462) = 7.73, 
p < 0.001, ε = 0.874, �2

p
 = 0.10. Response times tended to 

increase with time on watch during the first three periods, 
after which response times fluctuated (see Figure 4(F)). 

Figure 4. Experiment 2: Proportion of correct Detections (A), False Alarm Frequency (B) and response Times to correct detections (c) as 
a function of period on watch during training for both Kr conditions; and Proportion of correct Detections (D), False Alarm Frequency (E) 
and response Times to correct detections (D) as a function of period on watch during transfer for both Kr conditions.
note: Error bars are standard errors.
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second, F(7,182) = 3.53, p = 0.024, ε = 0.376, �2
p
 = 0.12 (see 

Figure 5(B)).

Discussion

For the Soldier sample, during the training phase there was 
no main effect for period on watch for the proportion of 
correct detections. There was a medium effect (d = 0.51) 
of KR on performance during the transfer phase, such 
that Soldiers who received KR during training detected 
more targets during transfer relative to those who did not 
receive KR. The benefits of KR here were only observed for 
correct detections, as KR did not significantly affect the 
other dependent measures during the transfer phase. 
However, inspection of Figure 4(E) indicates a trend for a KR 
by period interaction for false alarm frequency, such that 
KR training resulted in participants adjusting their level 
of responding more quickly as they learned that targets 
were relatively rare. In contrast, those who did not receive 
the benefit of KR training only reduced their responding 
after experience on the task. This pattern of results is con-
sistent with prior findings (cf., Szalma et al. 1999, Szalma, 
Hancock, Dember et al. 2006). The lack of significance of 
this effect is most probably due to the large variability in 
false alarm frequencies, particularly for those who did not 
receive KR training.

Sixty-one Soldiers in our sample completed the deci-
sion-making task in addition to our vigil, and we therefore 
tested for task order effects. When order effects occurred, 
performance was superior (i.e. a lower frequency of false 
alarms) when the vigil was completed prior to the deci-
sion-making task. These effects were stronger for the train-
ing phase than for the transfer phase. For the latter vigil there 

false alarms were committed when the sustained attention 
task was completed first (M = 3.69, SD = 4.75) than when 
it was completed second (M = 9.06, SD = 8.90; d = 0.78; 
see Figure 5(A)). All other effects involving order were not 
significant (p > 0.11 in each case). There were no statisti-
cally significant effects involving order for response time 
(p > 0.29 in each case).

Transfer phase
A 2 (task order) by 8 (period on watch) ANOVA was 
computed for each dependent measure. There were no 
statistically significant effects involving order for the pro-
portion of correct detections (p  >  0.34 in each case) or 
response time (p > 0.32 in each case). A non-significant 
but substantive KR by order was observed for false alarms, 
F(1,57) = 3.76, p = 0.057, �2

p
 = 0.06. False alarms for the two 

order conditions were not significantly different from one 
another (p = 0.369 and 0.121 for the sustained attention 
first and sustained attention second conditions, respec-
tively), but among participants who completed the sus-
tained attention task first those who received KR (M = 1.61, 
SD = 1.99) committed more false alarms than those who 
did not receive feedback (M = 1.08, SD = 0.99; d = 0.32). 
For Soldiers who experienced the sustained attention task 
second, those who received KR (M = 1.12, SD = 0.84) com-
mitted fewer false alarms than those who did not receive 
feedback (M = 6.16, SD = 10.79; d = 0.62).

In addition, a non-significant trend for an order by 
period interaction was observed, F(7,399) = 2.27, p = 0.076, 
ε  =  0.470, �2

p
 = 0.04. No significant effect for period on 

watch was observed when the vigil was completed first 
(p  =  0.552, �2

p
 = 0.02), but a significant decline in false 

alarms was observed when the task was completed 

Figure 5. Experiment 2: number of False Alarms as a function of period on watch and Task order condition for the training (A) and 
transfer vigils.
note: Error bars are standard errors.
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Soldiers were stationed at a different US Army base from 
those at which data were collected in Experiment 2. 
Twenty-nine (3 females) were assigned to the KR condi-
tion, and 27 (all males) were assigned at random to the 
No KR condition. As in the case of the majority of par-
ticipants in Experiment 2, participants in Experiment 3 
completed both the sustained attention task and the ARL 
decision-making task. In the KR condition 18 Soldiers (1 
female) experienced the sustained attention module first, 
and 11 (2 females) completed it second. In the No KR con-
dition 16 Soldiers completed the sustained attention task 
first, and 11 completed it second.

Procedure

The experimental protocol for data collection was identical 
to that used in Experiment 2.

Results

Training phase

In contrast to Experiment 2, all of the Soldiers in Experiment 
3 completed both our sustained attention task and the 
decision-making task developed by ARL. Thus, it was not 
necessary to analyse KR effects in a separate analysis from 
order effects. For analyses of both the training and transfer 
phases, degrees of freedom for within-groups effects were 
adjusted using Box’s epsilon to correct for violations of 
sphericity (see Maxwell and Delaney 2004). For complete-
ness, the unadjusted degrees of freedom are reported with 
the Box’s epsilon used to adjust the degrees of freedom. 
The p-values correspond to the adjusted tests. For the 
training phase, a 2 (KR) by 2 (task order) by 3 (period on 
watch) ANOVA was computed for each dependent meas-
ure. Means and standard deviations for each measure are 
shown in Table A5 of the Appendix 1.

For the proportion of correct detections, statistically 
significant effects were observed for KR, F(1,52) = 11.34, 
p = 0.001, �2

p
 = 0.18 (see Figure 6(A)), and for the KR by task 

order interaction, F(1,52) = 4.68, p = 0.035, �2
p
 = 0.08. The KR 

by order interaction is illustrated in Figure 6(B). Separate 
ANOVAs for each order condition indicated a significant 
effect for KR when the sustained attention training module 
was completed first, F(1,32) = 20.99, p < 0.001, �2

p
 = 0.40. 

Soldiers in the KR condition (M = 0.83, SD = 0.07) achieved 
higher detection scores than those in the No KR group 
(M = 0.66, SD = 0.15; d = 1.57). The KR effect for participants 
who completed the sustained attention task second was 
not statistically significant (p = 0.474). The pairwise effect 
size was small (d = 0.31), with Soldiers in the KR condition 
(M = 0.81, SD = 0.10) achieving higher detection scores 
than those in the no KR condition (M = 0.78, SD = 0.14).

was a trend towards an interaction of order with period on 
watch for false alarms, such that the decline in false alarms 
committed across all periods on watch was steeper for those 
Soldiers who completed the sustained attention task first. In 
sum, these results indicate that KR can improve the detec-
tion performance of Soldiers, and that this effect transfers to 
a condition in which feedback is withdrawn. However, the 
effectiveness was attenuated by the presence of task order 
effects in false alarms and limited sample sizes.

Experiment 3: data collection with Soldiers: 
increasing period duration

For Experiment 3 the number of route repetitions during 
training was increased from five to six. The purpose for this 
additional block was to facilitate organisation of the data to 
obtain more stable performance scores and to avoid the fluc-
tuations associated with shorter blocks (i.e. by increasing the 
duration of a period on watch for purposes of performance 
analyses). The period length in the studies 1 and 2 was rel-
atively short (3.06). Although short duration vigilance tasks 
have been comprised of periods in this range (e.g. Temple 
et al. 2000), most vigilance studies use 5–10 min blocks (e.g. 
Becker, Warm, and Dember 1994; Szalma et al. 1999, Szalma, 
Hancock, Dember et al. 2006; Szalma, Hancock, Warm et al.  
2006; Hausen 2008). In addition, the results for the first two 
studies indicated substantial but unsystematic fluctuations 
in performance over periods, particularly for response time. 
For experiments 3 and 4, a period on watch was therefore 
defined as two blocks (i.e. two repetitions of the route) dur-
ing the training and transfer phases. Defining a period as two 
repetitions (6.12 min) created blocks of time comparable to 
those used in previous research, and it reduced the unsys-
tematic fluctuations over period on watch (see Szalma et al. 
2014). All other task parameters remained unchanged from 
experiments 1 and 2.

Method

Experimental design

The experimental design and the task used for this inves-
tigation were identical to those used in Experiments 1 and 
2, except that an additional route repetition was added 
to the training phase. Thus, the route (out and back) was 
repeated six times during training and eight times during 
transfer. This resulted in three 6.12  min periods during 
training and four periods during the transfer phase.

Experimental participants

There were 56 Soldiers (3 female) aged 19–38 years old 
(M = 23.9, SD = 3.9) who participated in the study. These 
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Transfer phase

A 2 (KR condition) by 2 (task order) by 4 (period on watch) 
ANOVA was computed for each dependent measure. The 
means and standard deviations for each measure are 
reported in Table A6 of the Appendix 1.

For the proportion of correct detections, a statistically 
significant KR by order interaction was observed, F(1,52) = 
9.92, p = 0.003, �2

p
 = 0.16. This interaction is illustrated in 

Figure 7(A). All other sources of variance failed to reach 
statistical significance (p  >  0.12 in each case). Separate 
ANOVAS within each order condition indicated a signif-
icant KR effect when the sustained attention task was 
completed first, F(1,32) = 8.90, p = 0.005, �2

p
 = 0.22. The KR 

condition (M = 0.81, SD = 0.09) was associated with a higher 
proportion of correct detections than for the No KR group 
(M = 0.69, SD = 0.16; d = 0.94). There was no significant KR 
effect when the task was completed second, although the 
effect size was substantial (p = 0.12; �2

p
 = 0.12; d = 0.69), and 

as can be seen in Figure 7(A), was in the opposite direction. 
Hence, the absence of a statistically significant main effect 
of KR on correct detections in the transfer phase resulted 
from the order effect.

There was a non-significant but substantive effect of 
KR for false alarms, F(1,52) = 3.13, p  =  0.083, �2

p
 = 0.06. 

For false alarms, there were no significant effects for 
KR (d = 0.36) or the period by KR interaction (p > 0.18 in 
each case). A significant effect for period on watch was 
observed, F(2, 104) = 5.26, ε = 0.697, p = 0.015, �2

p
 = 0.09. 

Across both KR conditions, false alarms declined over 
periods.

For response time to correct detections there were sta-
tistically significant effects for KR, F(1,52) = 15.62, p < 0.001, 
�
2

p
 = 0.23 (see Figure 6(C)), KR by order, F(1,52) = 6.11, 

p = 0.017, �2
p
 = 0.10, and for period by order, F(2,104) = 3.36, 

ε = 0.985, p = 0.039, �2
p
 = 0.06. All other sources of variance 

were not statistically significant (p  >  0.09 in each case). 
The KR by order interaction is illustrated in Figure 6(D). 
Separate ANOVAs for each order condition indicated a sta-
tistically significant effect for KR when the sustained atten-
tion task was completed first, F(1,32) = 27.01, p < 0.001, �2

p
 = 

0.46. Participants in the KR condition (M = 5.24, SD = 1.39) 
exhibited faster response times than those in the No KR 
group (M = 7.92, SD = 2.12; d = 1.76). There was no sig-
nificant KR effect when the sustained attention task was 
completed second (p = 0.36; d = 0.40). The period by order 
effect is shown in Figure 6(E). However, separate ANOVAs 
for period within each order condition indicated no sig-
nificant change in response time as a function of time on 
watch (p > 0.18 in each case).

Figure 6. Experiment 3: (A) Proportion of correct Detections as a function of period on watch and Kr condition during training; (B) 
Proportion of correction Detections during training as a function of Kr condition and Task order; (c) median response time to correct 
detections as a function of period on watch and Kr condition during training; (D) median response time to correct detections during 
training as a function of Kr and Task order; (E) median response time to correct detections during training as a function of Task order 
and period.
note: Error bars are standard errors.
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receive feedback during training. Soldiers who received 
KR during training were therefore more accurate in their 
assessments of the potential presence of targets, and they 
were also quicker to respond to such signals. These effects, 
however, held only when the sustained attention task was 
performed prior to the other decision-making task. When 
performed second, the KR effect on performance did 
not reach statistical significance but the effect size was 
in the medium-to-large range (d  =  0.69). We therefore 
recommend that if sustained attention training is to be 
implemented with other forms of cognitive training, the 
sustained attention task be completed first to maximise 
the effectiveness of the training regimen.

The higher detection scores and faster responding 
associated with Soldiers who received KR during training 
persisted in the transfer phase when the feedback had 
been withdrawn. However, KR training did not attenuate 
the decrement in speed of correct detections. Regardless 
of KR condition, response times increased with period on 
watch. The positive transfer observed here was larger in 
magnitude (d = 0.94 when the vigil was completed first 
and d = 0.69 when the vigil was completed second) than 
that of Experiment 1 using college students (d  =  0.48) 
or that of Experiment 2 using a separate Soldier sample 
(d = 0.46); however, the Soldiers in this study received an 
additional repetition during training and period length 
was longer, which reduced the unsystematic fluctuations 
observed in experiments 1 and 2. Hence, comparison with 
the two previous experiments should be made with some 
degree of caution. Replicating study 3 using a sample of 
undergraduate students would provide a clearer compari-
son than comparing experiment 3 with experiment 1. This 
was the purpose for experiment 4.

Participants in the KR condition (M  =  2.42, SD  =  2.50) 
committed fewer false alarms than those who did not 
receive KR training (M = 6.84, SD = 12.26; d = 0.51). The 
marginal effect is likely to be due to the large variability 
associated with false alarm frequency, particularly in the 
no KR condition (for the no KR condition SD = 12.26; for 
the KR condition SD = 2.50; see Table A6). There were no 
other no significant order effects for false alarms (p > 0.16 
in each case).

For response time to correct detections there were no 
significant effects involving task order (p > 0.31 in each 
case). Statistically significant effects were observed for 
period on watch, F(3,156) = 3.69, ε  =  0.914, p  =  0.016, 
�
2

p
 = 0.07, and for KR, F(1,52) = 4.09, p = 0.048, �2

p
 = 0.07. 

Response time increased with time on watch (see Figure 
7(B)), and across all periods participants in the KR condition 
(M = 5.99, SD = 1.52) responded faster than those in the 
no KR condition (6.88, SD = 1.40; d = 0.61).

Discussion

Soldiers who received KR training achieved higher detec-
tion scores during transfer than those who did not receive 
feedback during training. These results confirm findings 
regarding the use of KR for vigilance training effectiveness 
(Dittmar, Warm, and Dember 1985; Becker 1990; Becker, 
Warm, and Dember 1994; Becker et al. 1995; Szalma et al. 
1999; Szalma, Hancock, Dember et al. 2006). However, this 
is the first time that this effect has been demonstrated 
for sustained attention featuring first-person perspec-
tive movement through a virtual scene. In addition to 
improvements in detection, Soldiers who received KR 
achieved faster response times than those who did not 

Figure 7. Experiment 3: (A) Proportion of correct detections during transfer as a function of task order and Kr condition; (B) median 
response time to correct detections during transfer as a function of period on watch and Kr condition.
note: Error bars are standard errors.
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to improve vigilance. All other aspects of the procedure 
were the same as those used in Experiment 3.

Results

For analyses of both the training and transfer phases, 
degrees of freedom for within-groups effects were 
adjusted using Box’s epsilon to correct for violations of 
sphericity (see Maxwell and Delaney 2004). For complete-
ness, the unadjusted degrees of freedom are reported with 
the Box’s epsilon used to adjust the degrees of freedom. 
The p-values correspond to the adjusted tests. Means 
and standard deviations are reported in Tables A7 and 
A8 of the Appendix 1 for the training and transfer phases, 
respectively.

Training phase

Significant effects on the proportion of correct detec-
tions were observed for period, F(2,114) = 8.08, ε = 0.922, 
p = 0.001, �2

p
 = 0.12, and for KR, F(1,57) = 9.00, p = 0.004, 

�
2

p
 = 0.14 (see Figure 8(A)). The interaction between KR 

and period was not statistically significant, (p  =  0.260). 
Across both KR conditions correct detections increased 
over period, and participants in the KR condition (M = 0.80, 
SD = 0.07) achieved higher detection scores than those 
who did not receive KR (M  =  0.72, SD  =  0.13, d  =  0.79). 
For false alarms a significant period effect was observed, 
F(2,114) = 3.89, ε = 0.713, p = 0.037,�2

p
 = 0.06 (see Figure 

8(B)). False alarm frequency declined with period on 
watch. There were no statistically significant effects for 
KR (d = 0.15) or the interaction between KR and period 
(p > 0.37 in each case). Figure 8(B) shows that the absence 
of a significant KR effect may be due in part to the rela-
tively large within-group variability in the KR condition 
(SD  =  22.92; for the No KR condition SD  =  5.74). There 
were no statistically significant effects for response time 
(p > 0.13 in each case; for KR d = 0.39).

Transfer phase

For the proportion of correct detections, a non-significant 
but substantive effect was observed for KR, F(1,57) = 3.86, 
p = 0.054, �2

p
 = 0.06 (see Figure 8(C)).The effects for period 

and the interaction between KR and period were not sig-
nificant (p > 0.25 in each case). Participants who received 
KR during training achieved higher detection scores during 
the transfer phase (M = 0.83, SD = 0.10) than those in the No 
KR condition (M = 0.76, SD = 0.15; d = 0.56). The pair-wise 
effect size here for KR is in the medium range, indicating 
that the KR effect is likely to be substantive. There were 
no statistically significant effects for false alarms (p > 0.40 
in each case). For response time statistically significant 

Experiment 4: replication of Experiment 3 with 
an undergraduate sample

The purpose for this experiment was to replicate the 
task conditions administered to Soldiers in Experiment 
3 with a student sample to ensure that the modifica-
tions to the task structure between Experiments 2 and 
3 did not substantially affect the comparability of results 
between student and Soldier samples. In other words, 
we wished to confirm that lengthening the training vigil 
and organising the performance data into larger periods 
did not change the similarity in results between student 
and Soldier samples in the first two experiments. Data 
were collected using the same version of the task as 
that used for Experiment 3 (i.e. six repetitions during 
training; eight repetitions during the transfer phase). 
As in the previous experiments, in the present study 
all participants received summary KR at the end of the 
training vigil. Note, however, that as in Experiment 1 the 
ARL decision-making task was unavailable for adminis-
tration to the student sample.

Method

Experimental design

The experimental design was the same as that used in 
Experiment 3. Thirty-two participants (14 female) were 
assigned to the KR condition, and 26 participants (12 
female, 1 unreported) experienced the No KR condition.

Participants

Fifty-nine students (26 female) participated in the experi-
ment. Participants ranged in age from 17 to 37 (M = 19.9, 
SD = 3.1).

Task

The sustained attention task was identical to that used in 
Experiment 3. There were three periods on watch in the 
training phase and four periods on watch in the transfer 
phase. Each period was defined as two repetitions of the 
route (6.12 min in duration).

Procedure

The procedure was identical to that used in Experiment 1, 
except for the aforementioned difference in vigil length. 
In addition, the procedure differed from that used in 
Experiment 3 only in the physical environment, i.e. partici-
pants in this study were tested in cubicles, the PowerPoint 
presentation was administered individually, and the 
post-experimental debrief did not include the list of ways 
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no performance decrement was observed for either 
condition during transfer. The increase in performance 
over time in the training phase may be due to a practice 
effect or adaptation to the task which was distinct from 
the improvements brought about by KR as there was no 
significant interaction between KR condition and period. 
However, the absence of a period effect during transfer is 
consistent with our previous study using this task (Szalma 
et al. 2014). This suggests that the vigilance decrement 
may not be as ubiquitous as previously believed (See et al. 
1995). Indeed, it has recently been argued that the ‘clas-
sic’ decrement function is at least partially due to poorly 
designed, impoverished displays rather than a decline in 
sustained attention per se (Hancock 2013). Future empir-
ical work is needed to further explore the characteris-
tics of the video game-based sustained attention task 
to determine which elements prevent or attenuate this 
decrement function.

effects were observed for period on watch, F(3,171) = 
2.79, ε = 0.923, p = 0.042, �2

p
 = 0.05 and for KR, F(1,57) = 

5.83, p = 0.019, �2
p
 = 0.09 (see Figure 8(D)). The interaction 

between these factors was not significant (p  =  0.242). 
Response time increased over time and in addition, par-
ticipants who received KR during training responded 
faster during the transfer phase (M = 6.19, SD = 1.53) than 
those who did not receive KR training (M = 7.08, SD = 1.26, 
d = 0.63).

Discussion

For the present student group, correct detection rates 
were higher during the training phase when KR was 
provided, and these positive effects extended to the 
transfer phase when all feedback was withdrawn. In 
addition, performance improved with period on watch 
for both conditions during the training phase. However, 

Figure 8.  Experiment 4: (A) Proportion of correct detections during training as a function of Kr condition and period on watch; (B) 
number of false alarms during training as a function of Kr condition and period on watch. (c) Proportion of correct detections during 
transfer as a function of Kr condition and period on watch; (D) number of false alarms during transfer as a function of Kr condition and 
period on watch.
note: Error bars are standard errors.
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that there were differences between the two samples in 
their motivational response to KR. Note, however, that it 
is unlikely that Soldiers were more motivated in general, 
because the difference between the samples was observed 
in KR effectiveness rather than in overall performance (i.e. 
Soldiers in the No KR group tended to achieve detection 
scores similar in magnitude to those of students in that 
same condition). This latter finding suggests that differ-
ences in KR effectiveness are unlikely due to differences 
between Soldiers and students in experience with threat 
detection tasks.

A second factor to consider here is that a vigilance 
decrement in detection rate was not observed in any of 
the experiments reported here. It is not clear whether 
this divergence from typical vigilance effects is due to the 
continuous, motion-based nature of the task (compared 
to the discrete stimulus presentation in most sustained 
attention research), the greater number of objects in the 
environment, or the context of the video game itself. 
However, given that KR works even in a movement-based 
visual search-type task as well as in cases in which there 
is no search or movement suggests a general learning/
motivational effect.

Differences among dependent measures

The benefits of KR training were observed mostly for cor-
rect detections during the training and transfer phases. 
Response time effects varied across the different experi-
ments. However, for cases in which significant KR effects 
were observed, feedback did improve speed of respond-
ing. In no case was KR observed to increase, that is, 
degrade response time in any way. Thus, KR did not pro-
duce a speed-accuracy tradeoff. In general, either response 
times did not substantially change over time or response 
time increased with time on task.

With respect to false alarm frequency, evidence from 
our experiments indicated that there were no substantive 
effects of KR on false alarms. Where period effects were 
observed for the training phase (Experiments 2–4) or for 
the transfer phase (Experiment 3), false alarm frequency 
declined with time on task. This is consistent with previous 
findings (Davies and Parasuraman 1982; Warm and Jerison 
1984). The decline in false alarms likely reflects a growing 
awareness by observers that the targets for which they are 
monitoring are relatively infrequent (Craig 1978).

Future directions

We observed two particularly interesting findings that 
are worthy of further investigation. These are (i) perfor-
mance differences between students and Soldiers in the 
KR condition, and (ii) the task order effects observed in 

Participants who were not provided KR in training 
exhibited slower response times during transfer than those 
who were provided such feedback. This indicates that KR 
provides a performance benefit. This may be indicative of 
a further decrease in motivation in the ‘No KR’ group in the 
transfer phase (in the training phase, the No KR group had 
marginally slower response times than the KR condition, 
but the difference was not statistically significant). There 
was also an interaction effect between KR and period on 
response time in the transfer phase. Improved response 
time during transfer for those who received KR training, 
combined with the increased detection rates, suggests 
that for this ‘vigilance-on-the-move task’, KR affected both 
accuracy as well as speed of responding.

General discussion

Our primary goal was to establish whether KR is effective 
in training for vigilance on the move, using a video game-
based task. We thus tested KR training effectiveness and 
whether any performance improvement observed in train-
ing was retained during transfer, in which feedback was 
withdrawn. Results indicated that KR did indeed improve 
performance (for both accuracy and response time) during 
both training and transfer phases for Soldiers, with up to a 
12% improvement in detection accuracy exhibited during 
transfer. These results were replicated in an undergraduate 
student samples, although the magnitude of KR effects on 
detections in the transfer phase was smaller for this latter 
sample (d = 0.56) as compared to Soldiers (d = 0.94). Thus, 
the specific transfer of training effects previously reported 
(Becker, Warm, and Dember 1994; Szalma et al. 1999) have 
now been replicated using a video game-based task envi-
ronment. Whether general transfer (i.e. transfer from one 
type of sustained attention task to another) is possible 
using the video game sustained attention paradigm is a 
matter for future investigation.

Explanation for KR effectiveness

Results across the four experiments indicate that KR was 
effective for both Soldier and undergraduate student 
samples who completed equivalent versions of the task. 
Performance for participants who received KR was gener-
ally superior to that of individuals who were not trained 
with feedback. We did not seek to directly test hypotheses 
regarding the mechanisms by which KR improves perfor-
mance. However, there are patterns in our data that sug-
gest avenues for the resolution of this issue. First, there 
were differences in the magnitudes of the effectiveness 
of KR training between the Soldier and student groups. 
Although the effects of a slightly different testing envi-
ronment cannot be completely ruled out, it is more likely 



ERGONOMICS   499

We have demonstrated here that sustained attention 
can be taught to Soldiers in order to save their lives and 
those of others. Our findings also generalise to different 
individuals and can therefore improve the lives of all who 
must sustain attention while in motion.
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Appendix 1

Table A1. Experiment 1: means and standard deviations for performance measures (undergraduate students): training phase (N = 32).

Experimental condition Period on Watch (3.06-min)

NCondition 1 2 3 4 5 Total
Proportion of correct detections
complete Kr 0.68 (0.21) 0.81 (0.20) 0.73 (0.17) 0.71 (0.21) 0.74 (0.21) 0.73 (0.14) 17
no Kr 0.64 (0.17) 0.66 (0.24) 0.58 (0.29) 0.72 (0.19) 0.63 (0.27) 0.65 (0.12) 15
Total 0.66 (0.19) 0.74 (0.23) 0.66 (0.24) 0.66 (0.24) 0.69 (0.24) 0.69 (0.13) 32
Frequency of false alarms
complete Kr 5.12 (3.89) 4.94 (7.10) 4.00 (5.72) 3.47 (4.54) 2.35 (2.89) 3.98(4.24) 17
no Kr 6.07 (5.06) 6.93 (7.65) 7.27 (10.88) 5.93 (12.00) 6.00 (10.48) 6.44 (8.19) 15
Total 0.56 (4.43) 5.88 (7.31) 5.53 (8.55) 4.63 (8.79) 4.06 (7.57) 5.13 (6.41) 32
Response times to correct detections
complete Kr 6.73 (3.00) 6.37 (3.09) 7.87 (3.95) 6.18 (2.99) 6.89 (2.72) 6.81 (1.43) 17
no Kr 6.58 (2.60) 8.75 (4.37) 12.50 (4.98) 6.77 (3.41) 8.97 (3.56) 8.71 (1.37) 15
Total 6.66 (2.78) 7.49 (3.87) 10.04 (4.98) 6.45 (3.16) 7.87 (3.26) 7.71 (1.68) 32
Note: Standard deviations are in parentheses.

Table A2. Experiment 1: means and standard deviations for performance measures (undergraduate students): transfer phase (N = 32).

Experimental Condition Period on Watch (3.06-min)

NCondition 1 2 3 4 5 6 7 8 Total

Proportion of correct detections
complete Kr 0.75 (0.27) 0.79 (0.17) 0.72 (0.12) 0.76 (0.25) 0.76 (0.20) 0.87 (0.14) 0.86 (0.13) 0.73 (0.19) 0.78 (0.09) 17
no Kr 0.68 (0.19) 0.59 (0.28) 0.60 (0.20) 0.64 (0.27) 0.70 (0.27) 0.65 (0.25) 0.64 (0.28) 0.75 (0.27) 0.66 (0.16) 15
Total 0.71 (0.23) 0.69 (0.24) 0.66 (0.17) 0.70 (0.26) 0.73 (0.24) 0.76 (0.22) 0.75 (0.23) 0.74 (0.22) 0.72 (0.14) 32

Frequency of false alarms
complete Kr 1.00 (2.18) 1.35 (2.00) 2.35 (4.47) 0.76 (1.60) 1.24 (1.95) 0.71 (1.26) 0.59 (0.80) 1.35 (1.41) 1.17 (1.74) 17
no Kr 6.53 (14.26) 6.13 (16.24) 6.87 (14.71) 7.07 (18.10) 6.87 (18.73) 14.13 (46.88) 2.60 (2.90) 1.40 (2.13) 6.45 (15.92) 15
Total 3.59 (10.11) 3.59 (11.27) 4.47 (10.64) 3.72 (12.63) 3.88 (12.99) 7.00 (32.24) 1.53 (2.27) 1.38 (1.76) 3.64 (11.10) 32

Response times to correct detections
complete Kr 5.55 (2.53) 7.48 (3.98) 9.11 (3.81) 6.53 (3.23) 8.70 (4.63) 5.90 (2.43) 7.02 (4.24) 6.73 (3.35) 6.94 (1.93) 16
no Kr 6.72 (3.88) 7.91 (3.42) 10.35 (4.97) 6.31 (3.25) 9.61 (4.27) 6.41 (2.83) 8.95 (4.95) 9.30 (3.65) 8.01 (1.57) 12
Total 6.05 (3.17) 7.66 (3.69) 9.64 (4.30) 6.44 (3.18) 9.09 (4.42) 6.12 (2.57) 7.85 (4.57) 7.83 (3.65) 7.44 (1.83) 28
Note: Standard deviations are in parentheses.

Table A3. Experiment 2: performance means and standard deviations (Soldiers): training phase (N = 72).

Experimental condition Period on Watch (3.06-min)

NCondition 1 2 3 4 5 Total
Proportion of correct detections
Kr 0.73 (0.18) 0.80 (0.18) 0.78 (0.18) 0.84 (0.18) 0.86 (0.15) 0.80 (0.09) 38
no Kr 0.66 (0.20) 0.68 (0.22) 0.67 (0.24) 0.72 (0.25) 0.65 (0.24) 0.68 (0.16) 34
Total 0.70 (0.19) 0.74 (0.21) 0.73 (0.22) 0.78 (0.22) 0.76 (0.22) 0.74 (0.14) 72
order 1
Kr 0.72 (0.17) 0.84 (0.17) 0.82 (0.15) 0.82 (0.18) 0.88 (0.15) 0.81 (0.10) 20
no Kr 0.68 (0.14) 0.73 (0.20) 0.69 (0.24) 0.79 (0.21) 0.66 (0.23) 0.71 (0.11) 14
Total 0.70 (0.16) 0.80 (0.19) 0.77 (0.20) 0.80 (0.19) 0.79 (0.21) 0.77 (0.12) 34
order 2
Kr 0.72 (0.18) 0.72 (0.18) 0.69 (0.18) 0.87 (0.13) 0.85 (0.15) 0.77 (0.08) 12
no Kr 0.66 (0.27) 0.64 (0.23) 0.67 (0.26) 0.65 (0.28) 0.63 (0.25) 0.65 (0.21) 15
Total 0.69 (0.23) 0.67 (0.21) 0.68 (0.22) 0.75 (0.25) 0.72 (0.24) 0.70 (0.17) 27
Frequency of false alarms
Kr 8.53 (8.33) 4.68 (7.28) 5.32 (9.89) 4.45 (7.25) 4.37 (5.75) 5.47 (7.00) 38
no Kr 7.41 (7.32) 6.15 (8.99) 7.15 (9.79) 4.62 (7.57) 3.74 (6.71) 5.81 (6.94) 34
Total 8.00 (7.84) 5.38 (8.11) 6.18 (9.82) 4.53 (7.35) 4.07 (6.18) 5.63 (6.92) 72
order 1
Kr 6.95 (6.30) 3.00 (5.19) 3.10 (7.35) 3.20 (6.83) 3.85 (5.08) 4.02 (5.21) 20
no Kr 4.79 (6.46) 3.21 (4.21) 3.86 (5.96) 2.07 (3.54) 2.21 (2.42) 3.23 (4.14) 14
Total 6.06 (6.36) 3.09 (4.74) 3.41 (6.73) 2.74 (5.66) 3.18 (4.22) 3.69 (4.75) 34
order 2
Kr 13.67 (10.79) 8.42 (10.37) 10.33 (13.83) 7.25 (8.84) 6.33 (7.46) 9.20 (9.62) 12
no Kr 10.40 (7.96) 10.33 (11.80) 11.07 (12.03) 7.40 (10.06) 5.53 (9.30) 8.95 (8.61) 15
Total 11.85 (9.28) 9.48 (11.02) 10.74 (12.61) 7.33 (9.36) 5.89 (8.38) 9.06 (8.90) 27
Response times to correct detections
Kr 6.57 (3.20) 6.29 (3.07) 7.65 (3.38) 4.48 (2.82) 6.31 (3.43) 6.26 (1.42) 38
no Kr 5.60 (3.09) 8.14 (3.41) 8.12 (3.52) 5.43 (2.98) 7.39 (4.22) 7.14 (1.66) 34
Total 6.58 (3.13) 7.16 (3.34) 7.87 (3.43) 4.93 (2.91) 6.82 (3.84) 6.67 (1.59) 72
order 1
Kr 6.54 (2.90) 6.41 (3.00) 7.57 (4.07) 4.86 (3.08) 6.02 (2.79) 6.28 (1.35) 20

(Continued)
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Experimental condition Period on Watch (3.06-min)

NCondition 1 2 3 4 5 Total
no Kr 6.28 (3.67) 7.08 (3.71) 7.55 (2.18) 4.92 (2.84) 7.72 (4.97) 6.71 (1.61) 14
Total 6.43 (3.19) 6.69 (3.27) 7.56 (3.37) 4.89 (2.94) 6.72 (3.87) 6.46 (1.45) 34
order 2
Kr 6.72 (3.90) 6.21 (3.29) 7.27 (1.85) 4.30 (2.34) 5.64 (3.76) 6.03 (1.58) 12
no Kr 6.86 (2.18) 9.02 (2.40) 8.44 (4.17) 6.12 (3.34) 6.13 (2.57) 7.31 (1.72) 15
Total 6.80 (3.00) 7.77 (3.11) 7.92 (3.34) 5.31 (3.03) 5.91 (3.10) 6.74 (1.76) 27
Note: Standard deviations are in parentheses.

Table A4. Experiment 2: performance means and standard deviations (Soldiers): transfer phase (N = 72).

Experimental Condition Period on Watch (3.06-min)

NCondition 1 2 3 4 5 6 7 8 Total
Proportion of correct detections
Kr 0.81 (0.18) 0.80 (0.17) 0.75 (0.22) 0.77 (0.25) 0.79 (0.22) 0.77 (0.25) 0.82 (0.18) 0.69 (0.24) 0.76 (0.17) 38
no Kr 0.75 (0.22) 0.68 (0.20) 0.66 (0.26) 0.73 (0.26) 0.70 (0.25) 0.72 (0.21) 0.67 (0.24) 0.67 (0.23) 0.70 (0.16) 34
Total 0.78 (0.20) 0.74 (0.19) 0.71 (0.24) 0.75 (0.26) 0.75 (0.24) 0.75 (0.23) 0.75 (0.23) 0.68 (0.24) 0.74 (0.16) 72
order 1
Kr 0.79 (0.21) 0.80 (0.19) 0.77 (0.24) 0.81 (0.18) 0.77 (0.24) 0.73 (0.32) 0.84 (0.18) 0.70 (0.29) 0.78 (0.15) 20
no Kr 0.77 (0.20) 0.67 (0.18) 0.70 (0.29) 0.79 (0.24) 0.77 (0.18) 0.73 (0.20) 0.72 (0.21) 0.69 (0.20) 0.73 (0.14) 14
Total 0.78 (0.20) 0.75 (0.19) 0.74 (0.26) 0.80 (0.20) 0.77 (0.22) 0.73 (0.27) 0.79 (0.20) 0.69 (0.25) 0.77 (0.12) 34
order 2
Kr 0.80 (0.11) 0.78 (0.15) 0.73 (0.18) 0.69 (0.35) 0.82 (0.17) 0.80 (0.13) 0.75 (0.21) 0.67 (0.2) 0.76 (0.11) 12
no Kr 0.73 (0.26) 0.66 (0.22) 0.63 (0.23) 0.66 (0.29) 0.67 (0.28) 0.73 (0.23) 0.63 (0.25) 0.70 (0.26) 0.67 (0.19) 15
Total 0.76 (0.21) 0.71 (0.20) 0.67 (0.21) 0.67 (0.31) 0.73 (0.24) 0.76 (0.19) 0.68 (0.24) 0.69 (0.24) 0.70 (0.17) 27
Frequency of false alarms
Kr 1.58 (3.37) 1.34 (2.30) 2.16 (3.51) 1.29 (2.00) 1.37 (1.58) 1.42 (2.50) 1.39 (1.95) 0.92 (1.81) 1.71 (6.24) 38
no Kr 4.50 (9.21) 5.18 (11.14) 5.18 (10.40) 3.41 (8.30) 2.76 (6.54) 2.76 (5.46) 2.38 (5.98) 2.38 (7.70) 3.67 (6.10) 34
Total 2.96 (6.89) 3.15 (8.01) 3.58 (7.68) 2.29 (5.93) 2.03 (4.66) 2.06 (4.19) 1.86 (4.35) 1.61 (5.46) 2.44 (5.40) 72
order 1
Kr 1.65 (3.96) 1.80 (2.97) 1.95 (2.78) 1.35 (2.52) 1.45 (1.70) 1.60 (3.08) 1.80 (2.09) 1.25 (2.38) 1.61 (1.99) 20
no Kr 0.93 (1.54) 1.43 (1.65) 1.71 (2.70) 1.21 (1.72) 0.79 (1.05) 0.78 (0.97) 1.07 (1.21) 0.71 (1.20) 1.08 (0.99) 14
Total 1.35 (3.18) 1.65 (2.48) 1.85 (2.71) 1.29 (2.20) 1.18 (1.49) 1.26 (2.45) 1.50 (1.80 1.03 (1.98) 3.69 (4.75) 34
order 2
Kr 1.62 (3.60) 0.92 (1.08) 2.58 (4.70) 0.92 (0.90) 0.83 (1.11) 0.83 (1.11) 0.83 (0.94) 0.50 (0.67) 1.12 (0.84) 12
no Kr 4.72 (9.71) 9.53 (15.75) 8.73 (14.58) 5.33 (11.70) 4.47 (9.49) 4.80 (7.72) 4.07 (8.79) 4.07 (11.41) 6.16 (10.79) 15
Total 3.10 (7.29) 5.70 (12.37) 6.00 (11.55) 3.37 (8.89) 2.85 (7.24) 3.04 (6.05) 2.93 (6.67) 2.48 (8.57) 9.06 (8.90 27
Response times to correct detections
Kr 5.27 (2.95) 6.21 (3.33) 7.69 (4.15) 5.62 (2.85) 8.05 (3.58) 5.62 (2.81) 7.49 (3.53) 8.27 (4.05) 6.89 (1.30) 34
no Kr 6.21 (3.33) 7.66 (3.26) 9.26 (3.76) 5.73 (2.80) 7.72 (4.64) 6.56 (3.34) 7.66 (2.92) 8.65 (4.54) 7.31 (1.59) 34
Total 5.74 (3.16) 6.94 (3.35) 8.47 (4.01) 5.67 (2.80) 7.89 (4.12) 6.09 (3.10) 7.58 (3.22) 8.46 (4.28) 7.10 (1.46) 68
order 1
Kr 5.04 (2.86) 5.84 (2.68) 7.32 (3.83) 5.25 (2.05) 8.30 (3.00) 6.45 (3.25) 7.15 (3.94) 9.32 (3.52) 6.83 (1.33) 18
no Kr 5.98 (2.75) 5.87 (3.31) 10.16 (4.79) 5.02 (2.67) 6.96 (4.63) 5.90 (2.69) 7.01 (3.37) 8.34 (4.20) 6.90 (1.33) 14
Total 5.45 (2.81) 5.85 (2.92) 8.56 (4.44) 5.15 (2.30) 7.71 (3.79) 6.21 (2.98) 7.09 (3.65) 8.89 (3.80) 6.86 (1.30) 32
order 2
Kr 6.14 (3.27) 7.20 (3.78) 8.55 (5.13) 5.48 (3.57) 7.09 (4.53) 4.34 (2.21) 7.67 (2.69) 7.91 (5.10) 6.80 (1.54) 10
no Kr 6.95 (4.02) 8.62 (2.87) 8.56 (2.91) 5.57 (2.94) 8.57 (5.11) 6.57 (3.86) 8.01 (2.73) 8.34 (4.58) 7.65 (1.67) 15
Total 6.62 (3.69) 8.05 (3.27) 8.55 (3.85) 5.54 (3.14) 7.97 (4.84) 5.68 (3.43) 7.87 (2.67) 8.17 (4.70) 7.32 (1.57) 25
Note: Standard deviations are in parentheses.

Table A5. Experiment 3: performance means and standard deviations (Soldiers): training phase (N = 56).

KR condition

Period on Watch (6.12-min)

N1 2 3 Total
Proportion of correct detections

Kr 0.81 (0.13) 0.83 (0.11) 0.84 (0.11) 0.83 (0.08) 29
no Kr 0.69 (0.18) 0.72 (0.18) 0.71 (0.19) 0.71 (0.15) 27
Total 0.76 (0.16) 0.77 (0.16) 0.78 (0.17) 0.77 (0.13) 56
order 1
Kr 0.84 (0.09) 0.83 (0.10) 0.83 (0.13) 0.83 (0.07) 18
no Kr 0.66 (0.17) 0.66 (0.19) 0.65 (0.18) 0.66 (0.15) 16
Total 0.76 (0.16) 0.75 (0.17) 0.75 (0.18) 0.75 (0.14) 34
order 2
Kr 0.76 (0.17) 0.82 (0.14) 0.86 (0.08) 0.81 (0.10) 11
no Kr 0.75 (0.19) 0.79 (0.13) 0.79 (0.17) 0.78 (0.14) 11
Total 0.75 (0.17) 0.81 (0.13) 0.82 (0.13) 0.80 (0.12) 22

Table A3. (Continued)
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KR condition

Period on Watch (6.12-min)

N1 2 3 Total
Frequency of false alarms

Kr 15.86 (23.84) 5.48 (8.63) 9.34 (29.38) 10.23 (16.30) 29
no Kr 23.96 (36.98) 18.26 (33.20) 13.96 (23.78) 18.73 (30.52) 27
Total 19.77 (30.86) 11.64 (24.50) 11.57 (26.68) 14.33 (24.37) 56
order 1
Kr 12.28 (18.46) 5.83 (9.85) 4.33 (7.16) 7.48 (11.42) 18
no Kr 17.69 (21.78) 12.19 (19.23) 9.56 (16.93) 13.15 (18.63) 16
Total 14.82 (19.97) 8.82 (15.11) 6.79 (12.79) 10.15 (15.27) 34
order 2
Kr 21.73 (30.84) 4.91 (6.56) 17.55 (47.01) 14.73 (22.07) 11
no Kr 33.09 (51.85) 27.09 (46.54) 20.36 (31.05) 26.85 (46.17) 11
Total 27.41 (42.04) 16.00 (34.36) 18.95 (38.90) 20.79 (33.42) 22

Response time to correct detections
Kr 5.97 (2.45) 4.74 (1.86) 5.39 (2.21) 5.37 (1.46) 29
no Kr 6.84 (3.08) 7.22 (2.35) 8.15 (3.00) 7.40 (1.96) 27
Total 6.39 (2.78) 5.94 (2.44) 6.72 (2.95) 6.35 (1.99) 56
order 1
Kr 7.42 (1.62) 6.69 (1.66) 6.83 (1.37) 5.24 (1.39) 18
no Kr 9.10 (1.42) 9.00 (1.71) 8.49 (1.70) 7.92 (2.12) 16
Total 8.21 (1.73) 7.78 (2.03) 7.62 (1.73) 6.50 (2.21) 34
order 2
Kr 7.69 (1.00) 7.75 (1.88) 7.29 (1.31) 5.58 (1.61) 11
no Kr 6.97 (1.51) 8.22 (1.81) 8.83 (1.56) 6.65 (1.50) 11
Total 7.33 (1.30) 7.98 (1.81) 8.06 (1.61) 6.11 (1.61) 22
Note: Standard deviations are in parentheses.

Table A6. Experiment 3: performance means and standard deviations (Soldiers): transfer phase (N = 56).

KR condition

Period on Watch (6.12-min)

N1 2 3 4 Total
Proportion of correct detections

Kr 0.82 (0.15) 0.78 (0.14) 0.82 (0.16) 0.77 (0.12) 0.79 (0.10) 29
no Kr 0.76 (0.14) 0.76 (0.20) 0.74 (0.21) 0.74 (0.20) 0.75 (0.16) 27
Total 0.79 (0.15) 0.77 (0.17) 0.78 (0.19) 0.75 (0.16) 0.77 (0.13) 56
order 1
Kr 0.83 (0.14) 0.80 (0.14) 0.85 (0.13) 0.78 (0.12) 0.81 (0.09) 18
no Kr 0.72 (0.12) 0.68 (0.19) 0.68 (0.23) 0.67 (0.21) 0.69 (0.16) 16
Total 0.78 (0.14) 0.74 (0.17) 0.77 (0.20) 0.73 (0.17) 0.75 (0.14) 34
order 2
Kr 0.79 (0.18) 0.74 (0.13) 0.77 (0.19) 0.75 (0.11) 0.76 (0.11) 11
no Kr 0.82 (0.15) 0.88 (0.15) 0.83 (0.14) 0.84 (0.15) 0.84 (0.12) 11
Total 0.80 (0.16) 0.81 (0.15) 0.80 (0.17) 0.80 (0.14) 0.80 (0.12) 22

Frequency of false alarms
Kr 2.45 (4.18) 2.00 (2.48) 3.21 (3.56) 2.03 (1.61) 2.42 (2.50) 29
no Kr 9.07 (17.38) 8.41 (18.65) 4.41 (8.17) 5.48 (9.46) 6.84 (12.26) 27
Total 5.64 (12.76) 5.09 (13.34) 3.79 (6.20) 3.70 (6.83) 4.55 (8.90) 56
order 1
Kr 1.94 (2.07) 1.78 (1.80) 3.22 (3.17) 2.33 (1.75) 2.32 (1.73) 18
no Kr 9.81 (20.32) 10.19 (23.18) 3.50 (7.56) 5.56 (10.22) 7.27 (14.04) 16
Total 5.65 (14.35) 5.74 (16.25) 3.35 (5.59) 3.85 (7.19) 4.65 (9.87) 34
order 2
Kr 3.27 (6.36) 2.36 (3.38) 3.18 (4.29) 1.55 (1.29) 2.59 (3.51) 11
no Kr 8.00 (12.80) 5.82 (9.29) 5.73 (9.20) 5.36 (8.71) 6.23 (9.72) 11
Total 5.64 (10.15) 4.09 (7.05) 4.45 (7.12) 3.45 (6.38) 4.41 (7.37) 22

Response time to correct detections
Kr 5.54 (2.82) 5.93 (2.22) 5.53 (2.87) 6.95 (2.81) 5.99 (1.52) 29
no Kr 6.09 (2.56) 6.79 (2.75) 6.77 (2.61) 7.88 (2.84) 6.88 (1.40) 27
Total 5.81 (2.69) 6.34 (2.51) 6.13 (2.79) 7.40 (2.84) 6.42 (1.52) 56
order 1
Kr 5.59 (3.04) 5.90 (2.33) 5.43 (2.37) 6.86 (2.93) 5.95 (1.40) 18
no Kr 6.00 (2.76) 7.55 (2.65) 7.08 (2.87) 8.04 (3.27) 7.17 (1.31) 16
Total 5.78 (2.87) 6.68 (2.58) 6.21 (2.71) 7.42 (3.10) 6.52 (1.48) 34
order 2
Kr 5.46 (2.55) 5.98 (2.15) 5.69 (3.67) 7.10 (2.74) 6.06 (1.77) 11
no Kr 6.22 (2.37) 5.68 (2.62) 6.31 (2.23) 7.64 (2.21) 6.46 (1.49) 11
Total 5.84 (2.44) 5.83 (2.35) 6.00 (2.98) 7.37 (2.45) 6.26 (1.61) 22
Note: Standard deviations are in parentheses.

Table A5. (Continued)
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Table A7. Experiment 4: means and standard deviations for performance measures (undergraduate students): training phase (N = 59).

KR condition

Period on Watch (6.12-min)

N1 2 3 Total

Proportion of correct detections
Kr 0.75 (0.10) 0.82 (0.10) 0.84 (0.15) 0.80 (0.07) 32
no Kr 0.68 (0.15) 0.76 (0.15) 0.72 (0.17) 0.72 (0.13) 27
Total 0.72 (0.13) 0.80 (0.13) 0.79 (0.17) 0.77 (0.11) 59

Frequency of false alarms
Kr 8.66 (21.91) 8.34 (31.30) 5.19 (15.86) 7.40 (22.92) 32
no Kr 7.00 (6.52) 3.81 (7.13) 3.59 (6.29) 4.80 (5.74) 27
Total 7.90 (16.62) 6.27 (23.49) 4.46 (12.36) 6.21 (17.24) 59

Response time to correct detections
Kr 6.29 (2.16) 6.67 (2.80) 6.44 (2.44) 6.47 (1.44) 32
no Kr 7.01 (3.43) 7.37 (2.91) 6.90 (2.91) 7.09 (1.74) 27
Total 6.62 (2.81) 6.99 (2.85) 6.65 (2.65) 6.75 (1.60) 59
Note: Standard deviations are in parentheses.

Table A8. Experiment 4: means and standard deviations for performance measures (undergraduate students): transfer phase (N = 59).

KR condition

Period on Watch (6.12-min)

N1 2 3 4 Total

Proportion of correct detections
Kr 0.85 (0.10) 0.80 (0.21) 0.86 (0.14) 0.81 (0.15) 0.83 (0.10) 32
no Kr 0.78 (0.15) 0.75 (0.23) 0.76 (0.17) 0.75 (0.16) 0.76 (0.15) 27
Total 0.81 (0.13) 0.78 (0.22) 0.81 (0.16) 0.78 (0.16) 0.80 (0.13) 59

Frequency of false alarms
Kr 3.37 (7.97) 2.72 (7.10) 5.12 (21.91) 2.97 (10.64) 3.55 (11.79) 32
no Kr 2.52 (3.53) 2.33 (3.36) 2.63 (5.90) 2.07 (3.20) 2.39 (3.34) 27
Total 2.98 (6.30) 2.54 (5.66) 3.98 (16.55) 2.56 (8.08) 3.02 (8.93) 59

Response time to correct detections
Kr 6.02 (2.63) 5.99 (2.27) 5.92 (2.59) 6.84 (2.82) 6.19 (1.53) 32
no Kr 7.15 (2.47) 7.80 (2.54) 5.89 (2.44) 7.48 (2.76) 7.08 (1.26) 27
Total 6.54 (2.60) 6.82 (2.55) 5.91 (2.50) 7.13 (2.79) 6.60 (1.47) 59
Note: Standard deviations are in parentheses.
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