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Abstract. The need to develop more effective feedback has become a growing
concern in training. Feedback should be designed to provide meaningful
information in order to help them improve their performance. On the other hand,
the feedback should be designed not to increase the learners’ mental workload
even while they maximize the benefits of using such feedback during training.
Recently, Kim [1] developed the metacognitive monitoring feedback method.
This methodology was tested in a computer-based training environment. The
authors’ results showed that metacognitive monitoring feedback significantly
improved participants’ performance during two days of a training session.
However, the previous study did not investigate the impact of metacognitive
monitoring feedback on participants’ mental workload and situational aware-
ness. Hence, in this study, we investigated those needs and found a negative
relationship between situational awareness and workload when the trainees
observed the metacognitive monitoring feedback.
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1 Introduction

Developing advanced training methods that not only consider situational awareness but
also mental workload is a growing concern in a computer-based training environment.
According to Norman [2], learners’ situational awareness can be improved when trainees
observe feedback that contains valuable information related to the task they learn during a
training session. Many studies have been conducted to develop a better training method
that can improve trainees’ situational awareness without increasing their workload.
Among them, the concept of metacognitive monitoring feedback was recently developed
by Kim [1]. The feedback showed a significant performance improvement on a visual
identification task in a computer-based training environment [1]. It was post-test feedback
and showed the central role of trainees’ learning in a human-in-the-loop simulation.
However, how the metacognitive monitoring feedback affects trainees’ mental workload
was not tested in the previous studies. Hence, the effect of metacognitive monitoring
feedback on mental workload was investigated in the current study. Also, it is important
to understand how metacognitive monitoring feedback influences the relationship
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between mental workload and situational awareness. For this reason, we studied this
relationship resulting from the metacognitive monitoring feedback. In this study, End-
sley’s situation awareness model [3] was used as the underlying basis for measuring
trainees’ situational awareness. Also, retrospective confidence judgments (RCJ) and the
NASA task load index (TLX) were used as metrics for assessing confidence levels and
mental workload, respectively.

For the experimental group, SA level-based metacognitive monitoring feedback
was designed for the experiment. The participants were exposed to the feedback
screens after they had answered all situation awareness probes. The participants were
monitored for a percentage of their responses for each level of SA, and each level of
retrospective judgment was rated separately. The participants who were assigned to the
control group did not receive the metacognitive monitoring feedback after they
answered all SA questions.

The primary research questions were as follows: Does SA level-based metacog-
nitive monitoring feedback influence learner workload? If so, is there any correlation
between situational awareness and workload? The following hypotheses were tested in
the human-in-the-loop simulation environment.

e Hypothesis #1: The metacognitive monitoring feedback significantly influences
learner workload.

e Hypothesis #2: The metacognitive monitoring feedback significantly influences the
correlation between situational awareness and workload.

2 Method

2.1 Computer-Based Training Environment

To test both hypotheses, a time windows-based human-in-the-loop simulation was used
as a training tool. In this simulation framework, every event generated from the simu-
lator was based on the concept of time window developed by Thiruvengada and
Rothrock [4]. During the training, participants were required to learn how to defend their
battleship against hostile aircraft. Their main task was identifying unknown aircraft and
taking appropriate actions. To defend the ship, they must learn the Rules of Engagement
(RoE). To recognize the identification of unknown aircraft, they need to understand the
meaning of cues that related to the identification of the aircraft. Figure 1 shows the
simulation interface, and the details of the Rules of Engagement are shown in Table 1.

Table 1. Rules of Engagement for the radar monitoring task

Rules of Descriptions
Engagement
Identification Make a primary identification and AIR identification

- Primary identification: friendly or hostile
- AIR identification: Strike, Missile, Helicopter, Commercial Air,
Airborne Early Warning

(continued)
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Table 1. (continued)

Rules of Descriptions
Engagement
Warning Issue three levels of warning

- Level 1: Issue first warning (50-40 NM)

- Level 2: Issue second warning (40-30 NM)
- Level 3: Issue final warning at 30 NM
Assign Engage the target aircraft (less than 30 NM)

Fig. 1. Time windows-based human-in-the-loop simulation interface

2.2 Procedure

The experiment consisted of two sessions — a practice session and training session.
Before the experiment, the participants were asked their previous experience with a
radar monitoring task and video game. The participants took a 60 min practice session.
During this session, the participants learned task-specific skills, such as how to perform
the rules of engagement, how to identify unknown aircraft, and how to engage the
target aircraft. After that, they received an instructor’s feedback about their perfor-
mance. They also experience several practice runs during the session. Each practice
scenario took 5 min to complete. Figure 2 shows the detail procedure for the practice
session.
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Background information and
Practice Session Rules of Engagement /Standing Orders }
START ( based on importance )
Simulation with

S min

practice scenario
i 5 min

NO

Understand Air track Abbreviations
5 min

v

How to Identify an aircraft track

Is this the third time of
practice simulation ?

10 min
How to use resources to aide in the YES
identification of air tracks — K K
) ki Practice Session

END

Fig. 2. The practice session procedure

The participants underwent a training session. Figure 3 shows the detailed proce-
dure of the training session.

Training Session
START

v

Freeze happen between 10 ~
15 min

RUN the Human -in-the-loop simulation Test bed

]

SA Probes: ask questions about
all 3 SA Levels (3 probes per  [—|
each Level = 9 probes)

RCJ probes
Rating on 1 — 100 scale

Provide the feedback screen |¢&—NO

Is the Subject in Control

YES Group ?

Is training session over ?

NO

Training Session
END

Fig. 3. The training session procedure

Each participant performed multiple different scenarios. Table 2 shows one of the
simulation scenarios that was used in this study. In this scenario, the total number of
aircraft and time windows were twenty-four and forty-six, respectively. There were
four friendly aircraft and six known aircraft (start TN with 40**) and fourteen unknown
aircraft (start TN with 60%%) in the scenario. All events occurred based on time win-
dows in specific time sequences and were tied to situational awareness questionnaires.
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Table 2. Description of simulation scenario [5]

0:06 | initialization | appear unidentified aircrafts -Known
TN4009, 4010, 4011,
4012:DCA
TN4003, 4004, 4005 :
friendlyStrike
o L TN4006, 4007: Commer-
give time to participants to observe all | .ial aircraft
observation flying object to make them understand | _Unknown
the situation TN6015, 6016, 6017, 6018
Commercial
TN6019, 6020, 6021:
Hostile Strike
TN6022: Hostile Strike
Behavior of unknown aircraft which
Spying ac- has spying purpose: aircraft from -Unknown
2:18 | OPY'ne PYINE Purpose: TN6023: AEW appear
tivity Chodian attempt to cross the border
. and Move to EAST
into Koraban
Abnormal abnormal behavior: malfunction of -Unknown
4:08 i . . TN6024 appear and move
activity private aircrafts from Koraban .
to [rascibal border
Unidentified | international commercial aircraft with- | -Unknown
4:35 International | out IFF (Identification Friend or Foe) TN6026 appear and
: Commercial | information observe in “Flight Air move to Jovania interna-
Aircraft Route” tional Airport in Chodian
Unidentified | international commercial aircraft with- | -Unknown
5:02 International | out IFF (Identification Friend or Foe) TN6027 move to
: Commercial | information observe in “Flight Air Genialistan international
Aircraft Route” Airport in Korban
Behavior of unknown aircraft which -Unknown
5:51 Spying Ac- has spying purpose: Hostile aircraft TN6019, 6020 (Hostile
: tivity attempt to cross the border into Strike) are slow down
Koraban their speed and altitude
. ... . . -Unknown
X Hostile Pop up the additional unidentified . .
7:12 Activity aircraft within SONM TN6028 (Hostile Strike)
appear on radar Screen
. . . . -Unknown
ney |Ptiale | s misle oot ritin b TG s st
i & purp Strike) fire Missile
Practice fire fire missile to practice target in the -Known
10:11 | from Friend- | (12 108 top (Training 05e) TN4003, 4004 (friendly
ly Y Yy g puip strike) fire Missile
13:29 Execute SA Pause simulation and execute SA Probe
Probe
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While the participants were performing one of the training scenarios, the simulation
was frozen automatically at a random time between 10 and 15 min. After the freeze, the
participants saw the screens for SA probes and RCJ probes.

The following are examples of situation awareness questionnaires used in the
experiment:

e Level 1 SA: Perception of the Elements in the Environment
— Question: What was the location of TN6026?
Choice: Within 50 NM, 40 NM, 30 NM, or 20 NM
e Level 2 SA: Comprehension of the Current Situation
— Question: What was the primary identification of TN6023?
Choice: Friendly or Hostile
e Level 3 SA: Projection of Future Status
— Question: TN6027 is following “Flight Air Route” and moving to “Genialistan:
Choice: True or False

The following are the probes for RCJ:

e RCIJ probes based on SA Level

— Level 1: “How well do you think you have detected the objects in your airspace?”

— Level 2: “How well do you think you are aware of the current overall situation of
your airspace?”

— Level 3: “How well do you think you are aware of where the overall situation of
your airspace is heading?”

After they answered all questions, the participants in the experimental group
received the SA level-based metacognitive monitoring feedback. The others in a
control group did not receive any feedback. Figure 4 shows an example of the SA
level-based metacognitive monitoring feedback. The feedback consists of three main
components: (1) a screenshot of the frozen moment with the answers of SA questions;
(2) Participant’s SA responses, correct SA answers, and SA questions; (3) Visual
graphs of both RCJ and SA performance.

The participants in the experimental group observed the feedback screens that
contain the information regarding how they answered all SA probes with the images of
the radar monitor at the frozen moment and the results of each level of SA probes as
well as each level of RCJ scores. The exposure time for the feedback screen was 1 min
to minimize the effect of bias due to uneven exposure. The control group did not
receive any feedback.
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Fig. 4. SA level-based Metacognitive monitoring feedback

2.3 Performance Metrics

Retrospective Confidence Judgments (RCJ). Retrospective Confidence Judgments
(RCJ) is one of the metacognitive monitoring metrics that is commonly used in
research related to metacognition [6]. This is a self-rating report regarding the partic-
ipants’ confidence level for their responses before knowing whether they are correct or
incorrect. RCJ is one of the ways to understand the metacognitive monitoring processes
associated with retrieval of metamemory [7]. We collected RCJ scores (scale: 1 to 100)
after the participants answered the SA probes during the testing sessions.

Situational Awareness Global Assessment Technique (SAGAT). SAGAT is one of
the famous measures of situational awareness [8]. It is designed for a computer-based
simulation environment in dynamic systems (e.g., driving simulator, flight simulator, or
process monitoring task). This technique was used in this study to collect participants’
situational awareness in given conditions. To measure their situational awareness, SA
probes for each SA level were presented to the participants after a simulation clock
passed 10 min from the beginning. The accuracy of participant’s situational awareness
(SA Accuracy) was calculated by

SA accuracy = Total number of correct response/Total number of SA probes (1)

NASA-Task Load Index (TLX). It is the most well-known measure of subjective
workload technique. NASA-TLX consists of mental demand, physical demand, tem-
poral demand, performance, effort, and frustration. This multidimensional subjective
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workload rating technique is commonly used as a tool to assess operator’s workload
related to aviation tasks [9] and flight simulators [10]. If NASA-TLX score is close to
100, it represents a high workload. If the score is close to 0, it means the operator had a
low workload while he or she performed the task.

3 Results

3.1 Analysis of Variance

We compared participants’ RCJ score, SA accuracy, and NASA-TLX score between
the groups. For the RCJ, there were no significant differences between the groups; RCJ
(F(2,90) = 1.05, p =0.357). In addition, there was no significant difference on
NASA-TLX between the groups (F(2,90) = 0.16, p = 0.849). However, SA accuracy
was significantly different between the groups (F(2,90) = 7.95, p < 0.001). The
experimental group’s SA accuracy was significantly higher than the control group.

3.2 Correlation Matrix

Table 3 shows correlations between RCJ, SA, and NASA-TLX for both groups. The
experimental group shows significant correlations between RCJ, SA accuracy, and
NASA-TLX, while the control group shows a correlation between SA accuracy and
RCJ (no correlation between RCJ and NASA-TLX and between SA accuracy and
NASA-TLX).

Table 3. Correlation comparisons between the control group and experimental group.

Measure RCJ SA accuracy

E C E C
SA accuracy | 0.376%*| 0.236%** | - -
NASA-TLX | —0.353** | —0.09 —0.298%* | —0.071

4 Discussion

The present study compared the effects of SA level-based metacognitive monitoring
feedback on situational awareness in a computer-based training environment. The
accuracy of situational awareness, mental workload, and subject ratings of retrospective
confidence judgments were collected through the human-in-the-loop simulation.

e Hypothesis #1: The metacognitive monitoring feedback significantly influences
learner workload.

NO, there was no evidence to support the hypothesis that SA level-based
metacognitive feedback significantly affects trainees’ mental workload when we
compared the NASA-TLX scores between the two groups. Therefore, we infer that this
metacognitive monitoring feedback does not increase the learners’ workload during the
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training. To understand this phenomenon, further analysis of NASA-TLX data between
groups is necessary.

e Hypothesis #2: The SA-based metacognitive monitoring feedback significantly
influences the correlation between situational awareness and workload.

YES, we found a negative correlation between SA accuracy and NASA-TLX in the
experimental group. It shows that the participants who had better situational awareness
experienced a lower mental workload during the training, while the performers with a
poor situational awareness showed a higher mental workload. This phenomenon might
be explained by the metacognitive framework developed by Nelson and Narens [11].
According to the framework, there are two layers in human cognition: (1) meta-level
and (2) object-level. Here, object-level is defined as the process of cognitive activities
from human sensors (e.g., vision, hearing, taste, smell, or touch). Meta-level is defined
as a mental model of a particular task related to meta-knowledge from object-level.
Many studies in the field of metacognition have shown that students could learn new
concepts and skills through the interplay of these two levels, and the communication
between these two levels plays one of the critical factors to stimulate student’s learning
process. During the experiment, the SA-based metacognitive monitoring feedback
provided the latest meta-knowledge of the radar monitoring task and helped the trainees
update their mental models of unknown aircraft identification. In other words, the
participants could easily observe the modification of the meta-knowledge in
object-level through the feedback. However, the control group was not able to receive
the metacognitive monitoring feedback. Hence, they could not efficiently update their
mental models of the identification task compared to the experimental group.

In this study, we investigated the impact of metacognitive monitoring feedback on
mental workload and situational awareness in a computer-based training environment.
The initial findings of our study provided a better understanding of the metacognitive
monitoring process and its relation to workload in a computer-based environment.

There are several limitations of the present study. First, the experiment has not been
formatted to interpret the underlying workload mechanism between object-level and
meta-level. Hence, the future research should investigate the cognitive-affective status
of the learners with their workload levels by using biosensors (e.g., electroen-
cephalography, eye tracking, and electrocardiography). Secondly, the findings of this
study are limited to visual identification tasks. For that reason, it would be better to
investigate the effect of metacognitive monitoring feedback in different domains.
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