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Abstract. The U.S. Army desires to improve Intelligence, Surveillance,
Reconnaissance (ISR) abilities by incorporating Unmanned Ground Systems
(UGS) to aid in the identification of High Value Individuals (HVI) through the
analysis of human behavior cues from safer distances. This requires analysts to
employ perceptual skills indirectly via UGS video surveillance displays and will
also require training platforms tailored to address the perceptual skill needs of
these robot-aided ISR tasks. The U.S. Army identifies Simulation-Based
Training (SBT) as a necessary training medium for UGS technologies.
Instructional strategies that may increase the effectiveness of SBT for
robot-aided ISR tasks include Highlighting and Massed Exposure. This study
compared the impact of each strategy on trainee workload, stress, and flow
during SBT for a behavior cue analysis task. Ultimately, the goal of this research
effort is to provide instructional design recommendations that will improve SBT
development to support effective training for emerging UGS capabilities.

Keywords: Virtual environments � Instructional design � Perceptual skills
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1 Introduction

In an effort to improve the safety and effectiveness of its Intelligence, Surveillance,
Reconnaissance (ISR) patrol missions, the U.S. Army has engaged research and
development endeavors to enhance and expand its remote ISR capabilities [1].
Increasingly, the settings of modern conflicts are occurring in more urbanized envi-
ronments compared to conflicts of the recent past, which requires much closer contact
ISR strategies such as identification of High Value Individuals (HVI) through behavior
cue analysis, or the purposeful observation and interpretation of behavior in the
environment [1]. Due to the remote surveillance capabilities, Unmanned Ground
Systems (UGS) have been identified as necessary tools to support the execution of
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behavior cue analysis tasks from a safe position [1]. Current development efforts to
enhance fielded UGSs present an opportunity for the instructional design community to
respond with recommendations for optimal training solutions in anticipation of the
training requirement needs of these emerging Robot-Aided ISR (RAISR) systems.

1.1 Simulation-Based Training

The U.S. Army identifies Simulation-Based Training (SBT) as a necessary training
component for emerging RAISR capabilities, such as the employment of UGSs to
assist in HVI identification. SBT involves the training of targeted tasks and skills
within a simulated version of the operational or task environment. Examples of SBT
environments include live training simulations that physically replicate the character-
istics of the operational environment, virtual simulations that utilize modern computing
and display technologies to present 3D interactive training scenarios, and even mixed
environments that combine elements of live and virtual simulation to fulfill training
requirements. Possibly the most important benefit of SBT is the ability to train
high-risk tasks in a safe, controlled environment. Also, depending on the task domain,
SBT may contribute to more cost effective training measures. However, foundational
SBT research has shown that implementation of simulations alone without appropriate
instructional support risks contributing to negative training outcomes [2]. Therefore,
effective SBT should incorporate instructional strategies and assistance tailored to the
specific skill needs, training objectives, and desired performance outcomes of the task.
In an ISR context, the identification of HVIs through behavior cue analysis involves
monitoring the environment for behavioral anomalies, detecting suspicious behavior,
and classifying those behaviors according to associated affective states and/or threat
levels [3, 4]. Behavior cue analysis requires analysts to execute specific perceptual
skills including: attentional weighting, search and scan, visual acuity, and pattern
recognition [3, 4]. Effective instructional support solutions for SBT of behavior cue
analysis must fulfill these perceptual skill requirements.

1.2 Instructional Strategies

Current instructional design literature identifies several instructional strategies that have
shown to effectively support the development and improvement of perceptual skills
required in the military training domain. The scope of this research effort investigates
the application of two strategies—Highlighting and Massed Exposure—both identified
as viable solutions to fulfill the perceptual skill needs of the behavior cue analysis task.
Highlighting involves the explicit orientation of the trainee’s attention to the presence
of critical training content [5, 6]. In a simulated environment, this is often achieved
through the use of a non-content related element such as a circle framing the stimulus to
indicate its location [5]. Massed Exposure involves the presentation of a high volume
of practice opportunities compared to what would be experienced in the operational
environment [7]. In a previous study comparing the effects of Highlighting and Massed
Exposure on performance outcomes, it was found that participants exposed to the
Massed Exposure strategy during training had a tendency to detect critical targets
earlier than participants who received the Highlighting strategy during training [3].
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While the effect on performance outcomes may be a primary concern in instruc-
tional design research, the effect of the design, including the selected instructional
strategies, on trainee perceptions has also shown to impact training effectiveness [8].
Therefore, to further extend the instructional design literature assessing the effective-
ness of the Highlighting and Massed Exposure strategies for behavior cue analysis
training, the objective of this experiment was to investigate the impact of these
strategies on trainee perceptions related to workload, stress state, and flow experienced
during training, which in turn my impact training effectiveness.

1.3 Workload, Stress State, and Flow

The workload, stress state, and flow constructs refer to the various types of demands
that may be imposed on an individual while executing a given task. Workload com-
prises information-processing demands including: mental demand due to task com-
plexity, physical demand due to strenuousness, temporal or time pressure demand,
success and satisfaction in one’s performance, the amount of mental or physical effort
expended, and the degree of frustration [9, 10]. Stress state includes three overarching
dimensions associated with task demand: task engagement, distress, and worry [11,
12]. Task engagement pertains to feelings of arousal, interest, motivation, and con-
centration during execution of a task. Distress pertains to an unpleasant state of tension
characterized by low confidence and low perceived control. Worry pertains to feelings
of task-induced self-consciousness, low self-esteem, and cognitive interference. Flow is
defined as an optimal level of experience in which an individual becomes so highly
involved in a task that awareness of the passage of time or events in the surrounding
environment is often reduced [13, 14]. Flow addresses several unique dimensions of
task demand including the level of challenge and skill balance, merging of one’s
actions and awareness during task execution, task goals and feedback, concentration,
control, self-consciousness, awareness of the passage of time, and a sense of purpose.

A recurring ideal within instructional design research is to attain the proverbial
Zone of Proximal Development (ZPD) during instruction. Theoretically, ZPD is
achieved by providing instruction and practice opportunities that are neither too dif-
ficult nor too easy, in an attempt to facilitate an optimal level of learning [15]. ZPD
aligns very well with the workload, stress state, and flow constructs. Negative levels of
workload and stress state may indicate that the trainee’s perceptual and cognitive
resources are overtaxed by the method of instruction. Further, this may indicate that the
challenge level of the training task is too strenuous, which may hinder appropriate skill
acquisition. Likewise, instructional methods that offer a low degree of challenge may
underutilize the trainee’s resources and elicit boredom, thus, reducing flow [13].

1.4 Objectives/Hypotheses

The objective of this experiment was to assess the effect of the Highlighting and Massed
Exposure instructional strategies on workload, stress state, and flow during SBT for a
behavior cue analysis task. There was no precedent indicating any advantage of one
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strategy over the other for the given task. Therefore, the hypotheses tested in this
experiment explored whether or not instructional strategy had a significant effect on
workload, stress, and/or flow and whether or not a significant relationship exists between
workload, stress, flow, and/or performance during behavior cue analysis training.

2 Method

2.1 Participants

Participation was restricted to U.S. citizens, ages 18 to 40 years, with normal or
corrected to normal vision, and full color vision. Ninety volunteers (44 males, 46
females), aged 18 to 38 (M = 21.57, SD = 3.25) were recruited from the University of
Central Florida (UCF) campus and UCF affiliated organizations. Participants were
compensated at a rate of ten dollars per hour of participation. The experiment session
was approximately one and a half hours in duration.

2.2 Experimental Testbed

A 22 inch (16:10 aspect ratio) computer monitor, desktop PC, and Virtual Battlespace 2
(VBS2) version 2.0 software comprised the experimental testbed equipment. The
virtual environment was fully customized using the virtual character, object, and terrain
assets provided in the VBS2 2.0 3D model library. The scenarios and vignettes sim-
ulated a video surveillance feed from an autonomous UGS traveling at 1.5 meters per
second with a camera height of one meter. The UGS height and speed align with
current research concerning the design of emerging surveillance robot systems [16].
Sixteen different virtual characters, ranging in skin tone from light to dark, portrayed
selected target and non-target behavior cues. Target cues included two aggressive cues,
slapping the hands and clenched fists, and two nervous cues, wringing the hands and
check six, that were animated using the Autodesk® MotionBuilder® software. Seven
non-target cues were selected from a library of animations provided with the VBS2 2.0
software. In an attempt to elicit a sufficient level of challenge, the event rate was set at
30 virtual characters per minute, which has shown to produce a moderate level of
workload during threat detection tasks [17]. Presentation of the virtual characters and
behavior cues was randomized and counterbalanced. The experimental task consisted
of three procedures: monitoring, detecting, and classifying. Participants monitored the
simulated UGS video surveillance feed, detected target behavior cues by clicking the
virtual characters, and classified each target behavior cue detected as either Aggres-
siveness or Nervousness by selecting the appropriate classification button.

2.3 Conditions

For the training segment of the experiment, participants were randomly assigned to one
of the three conditions: Control, Highlighting, or Massed Exposure. There was a 33 %
target probability in the Control and Highlighting conditions, which is consistent with
procedures in prior behavior and threat detection research [18]. This was doubled in the
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Massed Exposure condition to a 66 % target probability, which has shown to increase
visual acuity for threatening behavior cues [18]. The Highlighting condition had an
added element of a non-content related feature to signal target cues, which consisted of
a translucent blue box overlaid on virtual characters exhibiting target cues (Fig. 1).

2.4 Measures

Performance Metric. The performance metric analyzed in this study was Detection
Accuracy. Detection Accuracy scores were calculated as the percentage of correctly
detected target behavior cues out of the total number of targets presented in each
scenario or vignette. Performance scores were collected during each scenario or
vignette using a data logging program customized for the experimental testbed.

Subjective Measures. Within the context of evaluating training effectiveness, trainee
perception criteria are generally assessed using self-report subjective instruments such
as surveys and questionnaires. This experiment utilized three well-validated ques-
tionnaires to assess participants’ levels of workload, stress state, and flow experienced
during training. Subjective measures included the short version of the NASA-Task
Load Index (NASA-TLX), the short Dundee Stress State Questionnaire (DSSQ), and
the short Flow State Scale (FSSS). The NASA-TLX assesses workload on six 0–100
point scales including: Mental Demand (task complexity), Physical Demand (strenu-
ousness), Temporal Demand (time pressure), Performance (success and satisfaction),
Effort (amount of mental/physical activity), and Frustration (irritation and stress) [10].
A Global Workload score may also be derived from the original six scales. The DSSQ
measures participants’ stress state using three 0–32 point scales including Engagement,
Distress, and Worry [11]. The FSSS utilizes a 1–5 point scale to assess perceived levels
of flow experienced during a task with items targeting the nine elements of flow
including: Challenge and Skill Balance, Action-Awareness Merging, Clear Goals,
Unambiguous Feedback, Concentration on the Task at Hand, Sense of Control, Loss of
Self Consciousness, Transformation of Time, and Autotelic Experience [14].

Fig. 1. Example of the non-content related feature in the Highlighting condition
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2.5 Procedure

The experimental session was divided into pre-experiment, task familiarization,
pre-test, training, and post-test segments. The total duration of each experimental
session was approximately one and a half hours.

During the pre-experiment segment, the Ishihara’s Tests for Colour Deficiency [19]
was administered and participants who lacked full color vision were dismissed.
Retained participants completed the informed consent procedures, a demographics
survey, and an initial DSSQ. Next, to gain familiarity with the experimental task
procedure and interface, participants viewed a narrated instructional slideshow and
completed a task familiarization scenario to practice. To avoid priming effects, par-
ticipants detected red and yellow barrels and classified each by color. Participants were
provided up to two trials to achieve a 75 % Detection Accuracy for the barrel task
before proceeding.

After demonstrating proficiency to complete the task procedure, participants
completed a pre-test scenario which required detection and classification of target
behaviors they perceived as aggressive or nervous. The pre-test scenario included a
culturally agnostic urban and suburban terrain with 60 virtual characters exhibiting
target cue types and 120 exhibiting non-target cue types. Culturally agnostic refers to
settings and terrains that are non-geospecific and not exclusive to any single cultural
group.

The training segment included a narrated slideshow explaining behavior cue
analysis followed by four randomly ordered training vignettes. The slideshow consisted
of descriptions, examples of the four target cue types, and a brief description of the
instructional strategy applied in the following training vignettes. The training vignettes
represented four terrains: Middle Eastern Urban, Middle Eastern Marketplace, Cul-
turally Agnostic Urban, and Culturally Agnostic Suburban. Each training vignette
included 60 virtual characters. The Control condition presented 20 virtual characters
exhibiting target cues per vignette. The Highlighting condition presented 20 virtual
characters exhibiting target cues per vignette that were highlighted by the specified
non-content feature (Fig. 1). The Massed Exposure condition presented 40 virtual
characters exhibiting target cues per vignette. After completing each training vignette,
the participant responded to the NASA-TLX and the DSSQ. Upon completion of all
training vignettes, the FSSS was administered. Finally, participants completed the
post-test scenario in which targets were detected and classified according to the training
provided. The post-test scenario presented a reversed route from the pre-test with 60
targets and 120 non-targets.

3 Results

3.1 Workload

One-way between subjects ANOVAs were conducted to compare the effect of
instructional strategy on workload, measured by the NASA-TLX, in the Control,
Highlighting, and Massed Exposure conditions. There was a significant effect of
instructional strategy on the Temporal Demand scale for the three conditions [F (2, 87)
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= 4.71, p =.011]. Post hoc comparisons using the Tukey HSD test revealed that the
mean score for Temporal Demand in the Highlighting condition was significantly less
than the Control and Massed Exposure conditions (Table 1). This indicates that the
level of perceived time pressure in the Highlighting condition was significantly less
than that experienced in either the Control or Massed Exposure conditions. However,
the Control and Massed Exposure conditions did not differ significantly. Overall, the
mean Temporal Demand scores are fairly low indicating that none of the instructional
strategies appeared to overload participants by causing excessive time pressure. Fur-
thermore, there was not a significant effect of instructional strategy on the remaining
subscales including: Mental Demand, Physical Demand, Effort, Frustration, Perfor-
mance, and Global Workload.

3.2 Stress State

The effect of instructional strategy on stress state, measured by the DSSQ, in the
Control, Highlighting, and Massed Exposure conditions were compared with one-way
between subjects ANOVAs. There was a significant effect of instructional strategy on
the Distress scale for the three conditions [F (2, 87) = 4.86, p = .010]. Tukey HSD post
hoc comparisons revealed that the mean score for Distress in the Massed Exposure
condition was significantly greater than the Highlighting condition (Table 2) indicating
that participants in the Massed condition experienced a significantly higher level of
distress than participants in the Highlighting condition. The Control condition did not
differ significantly from either the Highlighting or Massed Exposure conditions.
Similar to the NASA-TLX, the mean Distress scores fall on the lower end of the scale
suggesting that participants were not overly distressed in any of the conditions.
Additionally, there was no significant effect of instructional strategy on the Engage-
ment and Worry scales.

Table 1. NASA-TLX Temporal Demand scale means and standard deviations per condition

Control Highlighting Massed
Exposure

Mean SD Mean SD Mean SD

Temporal
Demand

42.33 28.73 24.33 21.76 43.67 30.48

Table 2. DSSQ Distress scale means and standard deviations per condition

Control Highlighting Massed
Exposure

Mean SD Mean SD Mean SD

Distress 16.53 4.92 15.47 5.85 19.47 4.58
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3.3 Flow

One-way between subjects ANOVAs were also conducted to compare the effect of
instructional strategy on flow state, measured by the FSSS, in the Control, High-
lighting, and Massed Exposure conditions. There was a significant effect of instruc-
tional strategy on the Challenge-Skill Balance component of flow [F (2, 87) = 4.20, p =
.018] with Tukey HSD post-hoc tests revealing a significantly greater mean score in the
Highlighting versus Control condition (Table 3). The Unambiguous Feedback com-
ponent showed a significant effect of instructional strategy [F (2, 87) = 6.52, p = .002]
and post-hoc tests indicated that the mean score in the Control condition was signifi-
cantly lower than Highlighting and Massed Exposure (Table 3). Instructional strategy
also had a significant effect on the Concentration on the Task at Hand component [F (2,
87) = 3.59, p = .032] with post-hoc tests indicating a significantly greater mean score
for Massed Exposure compared to the Highlighting condition (Table 3). Overall, high
mean scores for the significant flow components suggests the instructional strategies
did not inhibit the achievement of a sense of flow during the training vignettes.

3.4 Correlations

The relationship between the measures of workload, stress state, and flow were
assessed using Pearson’s r correlations (Table 4). There was a weak positive correla-
tion between Distress, measured by the DSSQ, and the Performance scale of the
NASA-TLX indicating that increased levels of distress were associated with increases
in performance satisfaction. Likewise, there were weak to moderate positive correla-
tions between the NASA-TLX Performance scale and the Challenge-Skill Balance,
Unambiguous Feedback, and Concentration of the Task at Hand components of the
FSSS. This indicates that high levels of perceived task competence, how well one
perceives he/she performed, and perceived task focus were associated with high per-
formance satisfaction.

Interestingly, the DSSQ Distress scale had a weak positive correlation to the FSSS
Unambiguous Feedback component and a stronger positive correlation to the Con-
centration on the Task at Hand component. This suggests that participants who felt they
performed the task well and were highly focused on the task also reported a higher
level of distress during the training vignettes.

Table 3. Selected short Flow State Scale means and standard deviations per condition.

Control Highlighting Massed
Exposure

Mean SD Mean SD Mean SD

Challenge-Skill Balance 4.27 1.14 4.83 .379 4.67 .606
Unambiguous Feedback 3.70 1.06 4.40 .814 4.37 .615
Concentration of the Task at Hand 4.31 .712 4.17 1.02 4.70 .596
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The relationships between Detection Accuracy during the post-test scenario and the
subjective measures collected during the training vignettes were also assessed using
Pearson’s r correlations (Table 4). The weak positive correlation with the DSSQ
Distress scale indicates that participants who experienced a greater degree of distress
during the training vignettes had a slight tendency to score higher in Detection
Accuracy during the post-test scenario. Likewise, the weak positive correlation with the
NASA-TLX Performance scale reveals that participants who reported greater satis-
faction in their training performance tended to have greater Detection Accuracy scores.
Furthermore, as evidenced by the weak positive correlations to the FSSS Unambiguous
Feedback and Concentration on the Task at Hand components, participants who had a
better sense of their performance and had a greater focus on the task during the training
vignettes were also slightly more likely to have higher post-test Detection Accuracy.
Although these correlations are weak, they suggest that the levels of workload, stress,
and flow experienced during the training phase of the experiment did not negatively
impact participants’ ability to accurately detect target behavior cues when the
instructional support was removed (Table 5).

4 Limitations

There was limited availability of functional UGS prototypes, actual fielded systems, or
UGS design documents prior to the experimental testbed design. Therefore, the design
of parameters for the simulated UGS and surveillance video-feed, including speed,
camera height, and field-of-view, followed recommendations from current UGS
research and development literature. There is no quantitative or anecdotal evidence
from this experiment to suggest that the testbed design had a significant effect on the
generalizability of the results to emerging UGS and RAISR training platforms.

Table 4. Pearson’s r correlations between selected DSSQ, NASA-TLX, and FSSS variables

Distress (DSSQ) Performance
(NASA-TLX)

Distress (DSSQ) 1 ───
Performance (NASA-TLX) .212* 1
Challenge Skill Balance (FSSS) .165 .276**
Unambiguous Feedback (FSSS) .258* .371**
Concentration on Task at Hand (FSSS) .523** .353**

* p < 0.05 level, ** p < 0.01 level

Table 5. Pearson’s r correlations for Detection Accuracy

Detection Accuracy

Distress (DSSQ) .298**
Performance (NASA-TLX) .246*
Unambiguous Feedback (FSSS) .219*
Concentration on Task at Hand (FSSS) .216*

* p < 0.05 level, ** p < 0.01 level
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Scenario development time was considerably reduced by leveraging the existing
configuration of roadways and thoroughfares in each terrain when placing waypoints
for the virtual UGS route. However, this method caused constraints with the proper
placement, balance, and distribution of the virtual characters, animation triggers, and
left versus right turns. In order to achieve greater experimental control, this limitation
has been addressed in follow on experimentation by scripting a customized route
planning program to generate properly balanced scenarios.

Utilizing the shortened version of the flow state measure (i.e., FSSS) may have
reduced the sensitivity of the measure to fully assess the flow construct within this
training task. An extended version may provide more robust results. There is limited
research comparing the consistency and sensitivity of the short and extended versions
of the flow measure within various task domains. Follow-on research should address
this limitation to help explain the impact of the task domain on perceptions of flow.

5 Discussion

The hypotheses tested in this experiment predicted that the instructional strategies
would have a significant effect on the level of workload, stress, and flow experienced
during the behavior cue analysis training. Additionally, it was predicted that the sub-
jective variables, (i.e., workload, stress, and flow) would be significantly related to each
other and participants’ behavior cue analysis performance. While all three hypotheses
were at least partially supported by the results, the significant differences were minimal.

A particularly interesting result to acknowledge is the positive correlation between
the DSSQ Distress scale and the FSSS Concentration on the Task at Hand component.
Within this research effort, it is assumed that participants are more likely to become
engaged in a task requiring detection of human targets versus non-human targets [20].
Accurate identification of HVIs is often vital to the success of ISR missions. Perhaps
the emergence of this relationship between distress and the degree of task focus
indicates that tasks involving the detection of human targets are rather distressing.
Investigating this phenomena further within ISR and related task domains will assist in
more accurately delineating the critical affective factors of performance in high-stress
environments. Furthermore, identifying these factors will improve training objectives
and instructional design of SBT to meet the affective requirements of high-stress tasks.

Ultimately, the practical significance of these results is that there is no apparent
detriment to the training experience, in terms of workload, stress state, and flow, when
either the Highlighting or Massed Exposure strategies are included in SBT for behavior
cue analysis tasks. The decision-making involved in behavior cue analysis relies
heavily on perceptual skills, such as, search and scan, visual discrimination, pattern
recognition, and attentional weighting. Therefore, strategies aimed to improve these
skills will likely improve the effectiveness of SBT for this and similar ISRtasks.
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6 Conclusion

The results presented contribute to a larger research effort aimed at defining SBT design
recommendations for RAISR tasks. This experiment sought to assess the impact of the
Highlighting and Massed Exposure instructional strategies on levels of workload,
stress, and flow during simulation-based behavior cue analysis training. Clearly, it may
be concluded that the overall impact of the Highlighting and Massed Exposure
instructional strategies had little consequence on workload, stress state, and flow during
training. Either strategy has the capacity to support the development of critical per-
ceptual skills for HVI identification without overloading trainees in the process.

Practically, it does not appear to matter which strategy is selected. However, if
instructional designers desire to substantially reduce or even attempt to eliminate the
demand and stress on the trainee, then the Highlighting strategy is the obvious choice.
From a scenario development perspective, the Massed Exposure strategy may be faster
to implement because it simply requires an adjustment of the input parameters to
increase the number of targets versus non-targets and does not require the addition of a
non-content highlighting feature. A likely solution is to combine these strategies to
increase effectiveness of RAISR training systems. A combination of Highlighting and
Massed Exposure elements may also be conducive to adaptive training systems by
adjusting the support provided by each strategy to maintain a balanced level of task
demand, trainee stress, and flow throughout a training session. The potential benefits
afforded by these options present a prime opportunity for future instructional design
and SBT investigations.
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