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ABSTRACT

This study explored automated training for emergency managers and the effects of feedback on performance. A
prototype emergency management training application was built to allow the usage of either immediate
feedback or delayed, “hotwash” feedback. Users were split into two groups and asked to carry out two
emergency management scenarios using one of the feedback mechanisms, and the difference in scores between
each feedback type were analyzed There was a general increase in performance across sessions. Further, the
improvements in scores between each feedback type showed that users performed significantly better when
using the hotwash feedback mechanism compared with the immediate feedback mechanism. In contrast to the
performance data, preference data showed no overall differences between the two procedures, although each
user had a strong preference for one or the other feedback mechanism. The implications for the design of
training systems offering both procedures are discussed.
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INTRODUCTION

Training emergency workers and first responders poses a complex set of challenges. First, because a large
proportion of these workers are volunteers, (Pinkowski, 2008) turnover rates can be moderate to high and
individuals’ involvement can be sporadic. Therefore, training has to be provided on a frequent and convenient
schedule. Second, training must take place at several cognitive levels, covering a wide range of basic skills,
broad procedural knowledge and flexible problem solving and improvisation strategies (Mendonca, Beroggi,
van Gent and Wallace, 2006). For example, while it is necessary to perform many specific, fundamental
procedures in emergency situations, key training experiences must also provide extensive practice in deciding
when to use each procedure. Finally, since many emergency situations are inherently dangerous, new trainees
must acquire experiences which involve the practical application of their knowledge and procedures before
entering into a real crisis. Based on these challenges, one might expect automated training of emergency
workers to be common. However, despite advancements in technology over the past few decades, most
emergency management training is still done manually, with very little automation or use of computer systems.
The training framework provided by the U.S. Department of Homeland Security outlines nine different types of
acceptable emergency training (Renner, 2001; U.S. Department of Homeland Security, 2007). Of these, the
most common types are the table-top exercise and the full-scale walkthrough. In table-top exercises, a human
facilitator with high expertise in all aspects of incident response leads a group of trainees through a semi-
structured, verbal or written emergency scenario. The facilitator poses questions, notes tradeoffs, decision-
points and potential strategies and provides helpful tips. The trainees are typically co-located and are often
given specific roles to perform within the response team as they decide upon appropriate actions and convey
them to the facilitator. In full-scale exercises, trainees are immersed in a quasi-realistic physical setting and
experience a predetermined set of events that mimic a real emergency, often including unexpected “insert”
events. Trainees are expected to interact with others and respond according to standard procedures but also in
such a way as to minimize casualties, injuries, material loss, etc. In both table-top and full-scale exercises, a
critical element is a post-exercise “hotwash” session where expert facilitators review trainees’ activities,
evaluate their performance and make suggestions for improvement. Such after-action analyses have been shown
to be an effective pedagogical tool (Nilson, 2009; Schaafstal, Johnston, and Oser, 2001). In sum, these key
training procedures are human-intensive and while there have been some automated-training products
introduced (e.g. EMST; Pigora, Tamash and Baxter, 2006), the majority of emergency management training
remains manual.
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PEDAGOGICAL AGENTS AND SERIOUS GAMES

While computer-based training is not the norm in the emergency management field, various forms of automated
training have computer been found effective in other domains and these systems can be roughly divided into two
types: pedagogical agents and serious games.

A pedagogical agent is an electronic learning tool which can help train, negotiate, and mediate students while
they attempt to solve training scenarios. They help individuals learn material, providing additional information
to students in order to help give them the best possible education in a particular field- specifically by providing
hints, additional factual material and alternative problem-solving strategies (Atkinson, 2002). Teachers have
been using pedagogical agents for years in order to incorporate computer technology in the classroom to better
help students understand important fundamental material (Kim, 2005).

“Serious games” are videogames which are developed for non-entertainment purposes (Moon, 2006; Wideman,
Owston, Brown, Kushniruk, Ho, and Pitts, 2007; Toups, Kerne and Hamilton, 2009). A serious game provides a
realistic training scenario but in a comfortable environment that may not be reachable in real time exercises and
training (Toups and Kerne, 2009). The game can incorporate multi-player aspects which would allow
individuals to have the same group experience that they would in a live full scale walkthrough (The Serious
Game Initiative, 2008). Serious games can include pedagogical agents and often utilize a videogame graphical
simulator to improve knowledge, group performance, and expertise in experience based training (Kim, 2005).

Research has suggested that videogames can provide effective learning environments. Gee (2003) has
summarized at least 36 pedagogical principles common in videogames- even when used for entertainment.
Among the principles Gee lists are the semiotic principle, where users learn interrelations across multiple sign
systems (images, symbols, actions, etc), the psychosocial moratorium principle, where learners can take risks
with no real world consequences, and the incremental principle, where learning starts generalized and gradually
increases in complexity.

One tremendously useful capability of serious games is the ability to properly execute full scale walkthroughs
without having to consume real time, money, or manpower. The concept of teaching individuals by networking
in a massively multiplayer simulator has shown promise. Steinkuehler (2004) reports an experiment with a
massively multiplayer online game to determine what can be taught to individuals. The results of the
experiment showed that many of Gee’s principles, including his semiotic domain and layered training
principles, occur in the online game.

Training with Serious Games has promising applicability to the emergency management domain (Turoff,
Chumer, Hiltz, Hendela, Konopka and Yao, 2006). With such games, trainees are able to interact with trainees
in their field as well as other fields to experience a wide range of effective simulations. In addition to the
realism of this, trainers are able to pause during the simulation to educate, quiz, and change the scenario to
modify its difficulty for students to learn even better than the full scale scenarios. By doing this, the
shortcomings of the full scale walkthrough (time, money, non-pause-ability, manpower, etc.) are remedied
through the videogame.

Serious games can be effective teaching tools in both entertainment and educational environments (The Serious
Game Initiative, 2008; Greitzer, 2007). They employ many sound pedagogical principles, many of which stress
the importance of feedback as a critical factor. For example, several of Gee’s principles are based on the
educational importance that feedback can play in videogames. His Active, Critical Learning Principle, for
example, shows the importance of the learning actively behaving and then observing the consequences of that
behavior. His Discovery Principle and Probing principle suggests that this action/feedback cycle is an important
way to learn by experimenting. Finally, the Amplification of Output principle claims that an instructive game is
one that gives rich and ample feedback every time the learner makes any action. Moreover, this feedback has
few real world consequences, thus educational risk-taking is encouraged (Gee, 2003).

Typically, videogames make use of the concept of “leveling-up” which gives the player nearly immediate
feedback on their performance in the game, as well as acknowledgement of their accomplishments in the game.
Further, immediate feedback adds the important feature of keeping players enticed with the game and wanting to
progress further. Greitzer (2007) believes that, “this validation of improvement provides reinforcement for the
learner. Game players love the feelings of ‘getting better’ at something — especially achieving mastery over
something difficult and complex” (Greitzer, 2007). By adding leveling up to a video game, players are given
positive feedback of their immediate actions (in the form of levels, points, progression into the game, etc.),
which in turn entice them to continue playing the game. If applied to a serious game, users can be given
immediate feedback of their actions in the game to allow them to learn from their mistakes, and will also give a
player a desire to play the game further. Note that the practice of providing near-immediate feedback in
videogames is in contrast to the form of feedback provided by the most common forms of emergency
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management. In this context, it is most common to rely upon “hotwash” feedback procedures where trainees
receive comments on their performance after the training exercise is over. Hotwash sessions are typically held
anywhere from immediately after the end of an exercise up to a few weeks afterwards.

Emergency management training can likely benefit from the utilization of serious games, but before extensive
implementation of serious emergency management training games is undertaken, more research is needed to
gain a detailed understanding of how best to implement various serious game features . The present study has
focused on one such feature: feedback and its role in training. This study explores the effects of different forms
of feedback on trainees’ performance and preferences — specifically immediate and delayed, “hotwash”
feedback - as they receive automated emergency management training.

METHOD

To provide a flexible platform with which to present interactive training scenarios to test trainees, a basic
prototype training system was implemented which is shown in Figure 1.

Free Form Scenario Trainer | Matthew Guardascione
File

Scenario Speed Scenario Time Hints

% | Feb 3 2008 13:00:41 | |
i Disabled
Normal Double Minutes Hours Days 5 |
Time Passed
|7 hrs passed since last event|
Pri itath i [_] Hot Wash Feedback
Events YOUR SCORE: 18 Activity Log

T
Event 2: NWS: Anticipated sndwfall expected to be 5-7 ft Feb 2, 2009 12:00:00 Information

Event 3: Schools begin canceling classes in Bedford, Blair Collection and threat ...
and Cambria counties _| |Feb 3, 2009, 6:00:03 Urge Residents

to remain indoors....

Designate other locations to use as emergency shelters (schools, churches, etc)

| Natify power, telephane, water, and waste management organizations

Assist hospitals in triage Follow procedures for partial activity of county DEM

Mews release to the public with general safety announcements Information collection and threat recognition, send an alert to all muncipalities

Engage in snowball fight, activate full snow angel procedures

Request additional staff, deploy to shelters Begin pracess of setting up emegency shelters.

Urge residents to remain indoors until storm passes

Request provisions from surrounding areas Transport individuals to emegency shelters / Request supplies from Red Cross

Notify residents of travel restriction lift. Continue to assess damage Setup roadway checks to ensure authorized vehicle travel only

Full activation of County DEM ‘

| Make preliminary assesment of damage (roof collapses, downed trees, frozen pipes)

Prepare emergency equipment for cold weather operations. Direct police//firemen patrol to watch security of homes, pets left behind, etc

Figure 1. Basic Interactive Training System

The prototype training system provided a simulated emergency management environment as well as a measure
of correctness regarding trainees’ behaviors. Text descriptions of successive scenario events were displayed in
the events window. Their speed of presentation could be controlled by the trainee with the “scenario speed”
slider by increasing or decreasing the rate of scenario time passage. Every effort was made in the design of the
prototype interactive trainer to maintain a realistically continuous flow of events and to avoid revealing when an
action might be expected with the “multiple-choice test” flavor of many computer-assisted learning
environments. Users could respond in a “free-play” fashion (Pigora, et al., 2006) - at any point in time- whether
or not there was a new event being displayed. Alternatively, they could decide to do nothing in response to an
event. The reason for this design decision was to implement a system that could ultimately be compatible with a
much more sophisticated, simulation-based trainer being built in our laboratory. This trainer (The All Hazards
Exercise Training Tool- AHETT) is a networked, multi-agent, artificial intelligence simulation environment that
monitors trainees’ activities as a scenario runs its natural course. In AHETT, activities are expected to be
realistic ones such as telephone calls and EMS commands. For our simpler prototype training system, this
design decision necessitated that all possible responses for the entire scenario be displayed to users at the same
time along with some activities that would never be used. All these responses were displayed in a block of
response buttons that were available throughout the exercise. These response buttons fill the bottom half of the
display, and while not readable in Figure 1, display such actions as “Request additional staff, deploy to shelters”
or “Assist hospitals in triage”. Finally, an activity Log displayed for the trainee his past actions, and feedback
was provided for all responses by updating a cumulative numerical Score. This score was calculated by using a
numerical system based on the appropriateness of an answer at a certain point in time. Specifically, prior to the
study, an experienced emergency management expert analyzed each scenario event, determined the most
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important action to be taken during it and assigned a score of 10 to that event action pair. If the action was
somewhat appropriate during other events, a score of 9 or 3 might also be assigned to that pairing. During
training, trainees received a score of 0-10 for each event depending on the action taken. A hotwash user’s score
would be determined by the accumulation of these points throughout the training, while an immediate feedback
user’s score was determined by taking the score of the first answer chosen so as to remain consistent with the
scoring rubric used for the hotwash users. Other features shown in Figure 1, such as Hints and Feedback-type
choice were not used in the present study.

The present study employed two feedback procedures:

1. Immediate feedback —this mechanism allowed trainees to know immediately after input the correctness
of their response. A very important dynamic to this type of feedback, however, is to encourage
trainees to learn from receiving this type of feedback. In order to accomplish this, the trainer
allowed a user to select an answer, then gave them a score based on the correctness of their
answer, and allowed them the option of going back, resetting time, and choosing another answer.
Therefore, the immediate feedback mechanism used required users to “feel out” the best answer,
rather than expect that answer to be simply handed over by the system.

2. Hotwash feedback — this “delayed” feedback gave trainees a complete analysis of their performance
during the training — but provided only after the entire scenario was completed. This feedback
included their responses, their corrected responses, and text descriptions of relevant hints to study
in order to increase their performance when running through the exercise again. Unlike the
immediate feedback, users were provided with what the system considered the “perfect” response
set so they could improve on their performance on subsequent runs through the scenario. An
example of hotwash feedback for one event is shown in Figure 2.

Trainees had no prior experience in emergency management. Two groups of ten trainees received two sessions
each. The first session was used to vary feedback type while the second session was used as a measure of
training. One group of ten trainees received immediate feedback on their first session; the other group of ten
trainees received delayed, hotwash feedback on their first session. For both groups, trainees received no
feedback at all during the second session. Two separate scenarios were created for the purposes of testing: a
Nor’easter scenario, and a Blizzard scenario. Both scenarios reflected events that would occur within typical
emergencies and were approximately the same length. The order of scenario was counterbalanced across
groups. Different scenarios were used during the first and second session in an attempt to avoid measuring
simple memorization of correct responses and instead to explore more general understanding of emergency
management procedures.

Message m

,@ INCORRECT ANSWER
EVENT 12: Emergency shelters at Cambria Heights and Northen Cambria are operational.

Your Answer: Engage in snowball fight, activate full snow angel procedures

Correct Answer: Transport individuals to emegency shelters / Request supplies from Red Cross
Hint: You should use these newly operational emergency shelters.

Figure 2. Hotwash Feedback for One Event

The experiment was then sent out to the separate groups and each was given about two weeks to take the test.
The users returned the scores of the two scenarios, as well as a qualitative user feedback questionnaire to obtain
their opinion of the exercise overall.

RESULTS

The results for Session 1 and 2 for all trainees are shown in Figure 3. The performance data across sessions
were analyzed using a repeated measures analysis of variance which suggested a marginally significant
improvement in performance from session 1 to session 2, (F (1,36) = 3.80, p < .06). While the interaction
between sessions and scenario order did not reach significance, the increase between sessions was less for those
trainees receiving the Blizzard scenario during the second session because, as is shown in Figure 4, that scenario
was more difficult and resulted in lower performance no matter which session it was experienced.
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In order to explore the effects of feedback type and scenario order on training performance during the two
sessions, a multivariate analysis of variance (MANOVA) was performed. This analysis revealed a significant
effect of feedback type on performance during the second training session (F (1, 16) = 9.809, p <01. As shown
in Figure 4, scores were higher for hotwash feedback groups than for immediate feedback groups. There was no
such significant feedback effect, however for performance scores during the first training session (F (1, 16) =
2.12, p=.116), suggesting that feedback type differences were part of the learning taking place between the two
sessions. In addition to the feedback effect, there was also an effect of scenario order on Session two
performance with those trainees receiving the Nor’easter scenario after the Blizzard scenario performing better
than those receiving the opposite order (F (1, 16) = 6.434, p <.03). This is shown in Figure 4. There were no
significant interaction effects of feedback or order.

First Scenario vs. Second Scenario

90
== &= Blizzard->Noreaster
81 *
PR
i N oreaster->Blizzard -~
° 80 1 —
c 75 -
Cd
(<5
> Phe
= z
g L 4
i
65 —
60
Session 1 Session 2

Training Session

Figure 3. Mean Score by Training Session

In addition to performance data, qualitative preference data were collected with a questionnaire administered
after the training sessions. The questionnaire showed a generally positive attitude towards the prototype trainer
as a whole. However, on the topic of feedback, trainees tended to either strongly favor or strongly oppose the
feedback type they experienced during the training sessions. An equal number of trainees expressed a
preference for hotwash and immediate feedback. Interestingly, trainee’s preferences were not a function of their
own experience. Eleven out of the 20 trainees expressed negative attitudes toward the feedback mechanism they
experienced or would have rather had the other group’s feedback mechanism.
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Final Mean Scores
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Figure 4. Performance Scores on Session 2 by Feedback Group
DISCUSSION

One of the intended goals of the experiment was to explore whether measureable learning could be
demonstrated in the context of an automated Emergency Management training system. The increase in
performance scores from Session 1 to Session 2 suggests that learning can occur when using an automated
trainer, and is consistent with previous studies suggesting the potential for automated training (Turoff, et al.,
2006) It can further be argued that trainees learned, at least to some extent, general principles about emergency
management procedures and strategies rather than responding at a simplistic level to event conditions. This is
argued since the improved performance appeared to generalize across differing scenarios across sessions. All of
this was possible using an automated tool with no human intervention, suggesting that it may be possible for an
automated Emergency Management trainer to someday remove the need for a facilitator. Of course, more
research is needed to explore the generality of these findings and especially transfer of learning to performance
in real world crises.

The other goal of the experiment was to explore feedback procedures and their effectiveness in training. The
results of the experiment show that the delayed, hotwash feedback procedure resulted in better performance
improvement compared with immediate feedback. This finding in the context of automated training is entirely
compatible with the most common forms of feedback in current, non-automated emergency management
training. On the other hand, these results are in contrast with our initial expectations based on analogies with
serious games which often use relatively immediate feedback. There are several potential explanations. First,
while the hotwash feedback provides both correct answers and also explanations that might facilitate a more
complete understanding, the immediate feedback procedure only modifies and informs trainees of their
correctness or incorrectness by modifying their numeric score. As one immediate feedback trainee notes:

“I found myself looking more for a +10 in my score rather than a correct answer, so | wound up retaining only
a positive outcome rather than remembering what the correct answer was.”

Second, previous research has shown similar results when immediate and delayed feedback are compared in an
educational setting. Butler, Karpicke, and Roediger (2007) report that delayed feedback produced better long-
term retention compared with immediate feedback. The study goes on to explain that, “Information is better
retrained when learned through repeated presentations that are spaced (or distributed) as opposed to massed.
After a correct response, delayed feedback would represent a spaced presentation of the information, whereas
immediate feedback would represent a massed presentation.” Similarly, Schooler and Anderson (1990), found
that while their immediate feedback group finished the training material in 40% less time, the delayed feedback
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users retained knowledge of the correct answers better. The researchers suggest that, “immediate feedback
competes for working memory resources, forcing out information necessary for operator compilation. In
addition, more delayed feedback appears to foster the development of secondary skills such as error detection
and self-correction, skills necessary for successful performance once feedback has been withdrawn”. This
suggests that new trainees may not be able to take advantage of immediate feedback because of information
overflow. However, the advantage of delayed over immediate feedback is limited to certain contexts. Butler,
Karpicke, and Roediger (2007) note that studies have shown users benefit from delayed feedback in laboratory
settings, although benefits from immediate feedback can be seen in classroom settings. The material by which
the evaluations are given, such as digitally, written, or orally, can also change the effectiveness of the feedback
mechanisms.

These contextual effects may have been reflected in the preference data collected in the present study. Many
trainees noted that taking the time after the training scenario to carefully study their actions and the correct
actions were more beneficial than doing the explorative “answer-until-correct” immediate feedback procedure.
Still, other trainees credited their success to a matter of preference; depending on how they tended to learn as an
individual, one feedback procedure proved more useful than the other. The presence of such strong preferences
and context effects suggest that future automated training systems used for Emergency Management should
provide trainees with a choice of both types of feedback.
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