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Abstract. Designing feedback to trainees in a training simulator for complex 
cognitive domains is demanding but has not been given adequate attention. This 
paper aims to understand the importance of early work analysis in a real context 
during the design of such a simulator. More specifically, the aim of this re-
search was to learn whether there were differences between the types of feed-
back given to the learner in an already planned design and a real-life training 
exercise. Therefore, a comparison between feedback given to trainees in a real-
life training exercise and feedback planned for a virtual environment supporting 
training of crisis management was made. The results showed that there were 
several significant differences. 

Keywords: Feedback, work analysis, human computer interaction, interaction 
design, virtual environment, training simulator, crisis management training. 

1 Introduction 

While training for crisis management in the advent or after an airplane crash is vital, it 
is complex and resource demanding, involving many organisations such as medical, 
police, rescue, airlines and airport operators. The tasks of operational units involve 
field work, such as medical aid, transportation of casualties and triage of wounded. 
Coordination and decision making are also important tasks [1]. Training is carried out 
regularly in comprehensive real-life exercises, with tens or even several hundred par-
ticipants, trainees, instructors and organizers. Trainees representing emergency per-
sonnel engage in activities where fast situation assessment and reaction are the main 
tasks [2]. To keep the cost down, while maintaining the level of training requirements, 
simulators have been developed [3, 4].  

Designing such simulators is a difficult task, since crisis management requires not 
only knowledge domain of managing crises, but also skills that enable workers to re-
spond to unexpected and variable events and situations which neither may have appar-
ent causes or foreseeable consequences to reactions [1]. Another aspect of the design 
of such a simulator is to decide the instructional design. Instructional design is a sys-
tematic practice of analysing learning requirements and based on them, designing a set 
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of instructional specifications [5]. Instructional design models span over the lifecycle 
of an educational artefact through the stages of planning, designing, developing,  
implementing and updating where applicable. The instructional design of a crisis man-
agement simulator needs to provide trainees with experiential learning, variable uncer-
tainty of events and situational complexity [6].  

Crisis management involves teamwork in a safety critical domain requiring actors to 
collaborate and communicate to manage information, make decisions, plan and delegate 
tasks. Teams are formed at different levels. There are organizational teams, e.g. fire 
fighters, medical personnel and police, and there are actors from these organizations 
which form teams at various posts, e.g. at command centres or at the accident site. In 
crisis management simulation, the activities of trainees are divided into two main cate-
gories: field and command[2][14](Hansen & Satria, 2011)(Hansen & Satria, 
2011)(Hansen & Satria, 2011)(Hansen & Satria, 2011)(Hansen & Satria, 2011). Field 
activities are carried out by trainees representing emergency personnel, who aim to learn 
to assess and respond to a situation as effectively and quickly as possible. These activi-
ties mainly involve rescue, triaging casualties, providing medical aid, transporting re-
sources and casualties. Command activities involve the command and coordination 
staff, who is responsible for planning, strategizing, decision making and coordinating on 
a larger scale. Command activities include organizing resources, e.g. people, transporta-
tion, medical aid and hospital resources, mitigating risks, assessing situations, respond-
ing to them and planning [2]. A wide range of expertise appears during training and 
operations of crisis management, where responders and commanders include novices to 
experts [7]. Furthermore, to add to the heterogeneity some are professionals but others 
are volunteers from search and rescue organizations, Red Cross etc.  

In addition to simulating work and situations, simulators need to include a stimu-
lating and rewarding training environment for trainees. Experience has shown that 
during simulator tenders technical issues are prioritised over functionalities for sup-
porting training [8]. To encourage better practices, Naikar and Sanderson [8] have 
illustrated how work domain analysis [9] can be extended to define training needs. 
They have argued that common techniques such as Instructional System Development 
(ISD) [10], which has been applied extensively by the air force in military training, is 
inadequate since they do not support work that is characterised by cognitive work, 
adaptive behaviour, random events and unpredictable situations.  

Besides identifying training needs, designers of simulators have to decide how to 
deliver training. Training needs to be planned, carried out and assessed. Much has 
been written on professionals’ reflection in action [11] and practitioners’ ability to 
self-assess or self-monitor [12]. Feedback is one of the most powerful techniques to 
help students learn. It provides learners with information on their performance when 
gaining or applying new knowledge and can help them finding the right answers [13, 
14]. Feedback is an essential aspect for any learning environment, as it provides as-
sessment of the learner´s progress and results, motivates the learner, and enhances 
learning [15]. Either feedback can be intrinsic, that is available in a normal job situa-
tion, or extrinsic, which is available from an instructor either during or after a training 
exercise [16]. The latter one is also termed explicit feedback [17] which can come 
from a human tutor, a pedagogical agent, disembodied coach or other intelligent tutor 
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[18]. Feedback can be provided by peers and is one of the five components of team-
work [19, 20]. Since teamwork is prevalent in crisis management, looking at such 
feedback becomes even more important than feedback provided in a single learner 
situation. As mentioned above, real-life training has many drawbacks, e.g. the costs of 
equipment and organization, and menace to environment [1]. However, it remains 
unclear whether the level of feedback delivery in a simulation, an essential part of 
training, may be the same or comparable as in a real-life exercise. 

To meet this requirement of learning through feedback, most educational systems 
need to provide information on the assessment of learning to the trainee in some form 
[21], whether it is given by the system, or by a person, e.g. either a teacher/instructor 
or a fellow student. Although a simulator for crisis management training is not a 
game, we expect that knowledge from that field can be adopted. Researching designs 
of learning in games, Liu et al. [22] state that assessing the progress of a player´s 
learning activity is one of the most rewarding interactive behaviour. To assist the 
player in the learning experience [23], such systems should provide appropriate feed-
back and they should ensure continuous flow to motivate the player to proceed [24].  

Despite the substantial emphasis on including feedback in games or simulators, it 
seems that its design, or methods for its design, has not been given as much room as 
required [25]. However recently, there have been examples of methods to provide in-
game assessments of objects and actions taken in real time. These assessments  
correspond to logged, time-stamped events that undergo statistical analyses that are 
displayed in real time or during a review after the game [3]. 

Motivated by the above need, the objective of this research is to compare, in terms 
of feedback, a plan for designing a training simulator to data gathered in a real-life 
training exercise for responding to an airplane crash. Thus, through an extensive 
analysis of the crisis management work domain and training exercises, we hope to 
learn about the kinds of feedback learners receive during training. The rest of the 
paper is organised as follows. After describing forms of feedback as they appear in 
the literature in the next section, the methodology of the research study is detailed in 
section 3. Section 4 describes the results of the research study which is a case study of 
a comparison between two different training environments. In the discussion of the 
results in section 5 we compare them with a feedback framework and suggest a theory 
of feedback. The paper concludes with section 6 presenting its contributions.  

2 Forms of Feedback 

Feedback in any learning environment may be categorized [15]. For example, feed-
back may be qualitative or quantitative, e.g. “Good”, or “65 points” [26]. It may be 
negative, positive or neutral [25, 27]. Also, feedback can be corrective and/or motiva-
tional, where corrective feedback has the purpose to correct the learner when he/she 
has made a mistake, while motivational feedback motivates the learner, based on 
his/her individual preferences [28]. According to Pivec and Dziabenko [29], learning 
by mistake is a primary way for trainees to learn and motivating them to keep on  
trying. 
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Feedback may be in a form of elaboration or verification. Verification feedback re-
fers to a notification of the result of the learner´s answer, i.e. whether it is correct or 
not. Elaborative feedback provides an explanation of the result of the learner´s answer 
and can give a hint to a solution [30, 31]. 

In a team, the process of providing feedback is not the same as in single person-to-
person communication. According to Sonntag [32], in unidirectional teaching envi-
ronment, where feedback is teacher-to-student and vice versa, feedback is a simple 
process, while in multidirectional environment (in a team) feedback becomes a more 
complex process. While Sonntag has looked at the integration of aspects within the 
teaching environment, the issues raised are relevant to a training simulation. To pass 
the right message onto students, Sonntag has emphasised a teacher’s coordination of 
students and organization of materials and feedback in a multidirectional environ-
ment. The main concern is that students may misinterpret, underestimate or ignore 
bits of information [32]. In a similar manner, crisis trainees may misinterpret or not 
respond to information from an operational unit. Or, for example, if a trainee receives 
contradictory information from two other trainees, s/he may be left confused unable to 
proceed in such a case. Thus, unlike unidirectional feedback, multidirectional ones 
hold a rather arduous character due to the distributed interaction nature of the envi-
ronment. Therefore, when designing scenarios, an important aspect of crisis manage-
ment training is learning how to deal with wicked problems due to multi-directional 
feedback. Since unidirectional feedback occur in crisis handling as well, the two need 
to be distinguished. Another type of a teaching strategy is called peer-review, an ap-
proach when student-to-student interaction is used to provide feedback and advice 
[33]. Peer-review feedback exhibit similar complex behaviour of a multi-directional 
environment and poses a risk of credibility of information provided by the student.  

Above, we have described some types of feedback in the learning context. More 
generally, feedback is provided in conversations, and more specifically in the context 
of systems, such as in the context of human computer interaction, where feedback is a 
report issued by the system as either a reply to the action of a user or a notification of 
the progress of a user’s task [34]. Hence, when discussing feedback in the context of 
learning systems, all these aspects come into play.  

Looking more closely at the system aspect, feedback in a virtual environment can 
be categorized according to senses, i.e. visual, haptic, or sound [22, 23, 33]. Further, 
there are two types of feedback in virtual environments, either immediate (real-time) 
feedback that can be issued to the player during the game or delayed or archival feed- 
back that is issued as a summary upon completion of a task or a game [15, 35]. Im-
mediate feedback which is automatically generated by an application can be of any 
form mentioned above, while delayed feedback is usually given in text or graphical, 
form [15, 22, 25]. For example, action feedback is an immediate interactive response 
in real-time, while text feedback can be both immediate and delayed [22]. Immediate 
feedback may be provided during the execution of a task, usually when the task is 
complex, or after task completion if the task is relatively straightforward [25]. For 
example, in a car simulator, the player may get immediate haptic feedback in the form 
of vibration during the execution of a task. 
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Table 1. Feedback forms as discussed in the literature 

 Brief descrip-
tion 

Learning System /  
Virtual  
environment 

Qualitative Textual Yes  
Quantitative Numerical Yes  
Positive Positive out-

come of as-
sessment 

Yes  

Negative Negative out-
come of as-
sessment 

Yes  

Corrective  
(explicit) 

Give a correct 
solution 

Yes  

Motivational Encouraging 
to proceed 

Yes  

Unidirectional Teacher to 
student or vice 
versa 

Yes  

Multidirectional Teacher to a 
team 

Yes  

Peer-review Among peers Yes  
Visual/graphical Visual repre-

sentation 
 Yes 

Textual Textual repre-
sentation 

 Yes 

Haptic Touch and 
kinaesthetic 

 Yes 

Immediate, 
automatic 

Right away by 
the system 

 Yes 

Delayed or 
archival 

After the 
training ses-
sion 

 Yes 

 
 

Liu et al. [22] and Kiili [23] state that feedback is accepted more seriously by the 
player if it is provided immediately, instead of being issued after the game completion 
in the form of instructional text material. Also, according to Garzotto [36], when an 
action taken by the player is incorrect, it may be necessary and more effective to pro-
vide immediate than delayed feedback, since the player might later forget the inci-
dent, and, hence, not learn from delayed feedback. However, Renaud and Cooper [25] 
argue that archival feedback is also important, and may be presented in the form of 
text and/or graphically. Where appropriate, graphical feedback is more helpful than 
text, as it depicts the information as a whole [25]. Furthermore, feedback may be  
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provided as an action replay in the form of a video [25]. Table 1 summarises the dif-
ferent forms of feedback described in this section divided into two categories depend-
ing on the source of introduction. By no means are the categories mutually exclusive, 
e.g. a qualitative feedback can be positive and delayed.  

3 Research Methodology 

The research method is a work analysis of trainees’ performance during the real-life 
exercise of emergency management. The feedback in the real-life exercise is com-
pared to a system master plan of a virtual environment of a crisis management train-
ing simulator using categories from the literature. The real-life exercise training was 
conducted at an international airport in Europe and included almost 250 participants, 
with 90 participants creating the training scenario and serving as instructors, and the 
rest training for crisis management. The main exercise lasted 4-5 hours and included 
all organizations involved in a regular response to an aircraft incident. Seven partici-
pants of the CRISIS project served as observers, taking written notes and photos. The 
CITE system from VSL was used to enter notes during and after the exercise. In total, 
548 observations were made for four hours at five different locations of the exercise: 
Emergency Operations Center (EOC), Casualty Assembly Point (CAP), Rendezvous 
Point (RVP), On Scene Command (OSC), and Accident Site. In addition, a few ob-
servations were made by instructors of the exercise, who were using the CITE system 
as a pilot. 

Partners of the CRISIS project have collaboratively developed a virtual environ-
ment training simulator (CRISIS VE) for responders and commanders responsible for 
crisis management. The target sector is transport security, such as at for airport and 
railway operations. CRISIS VE was designed to support the 4C/ID instructional de-
sign model, which is meant to be used for long-period training with multiple complex 
tasks and learning objectives [30]. The 4C/ID instructional design model focuses on 
complex learning tasks and comprises four components, a) learning tasks, b) suppor-
tive information, c) just-in-time information and d) part-task practice [5]. Early on in 
the project, a system master plan (SMP) was written of the CRISIS VE including a 
detailed description of the system design and architecture, description of key con-
cepts, such as events, variable uncertainties, and the CRISIS training cycle. Further-
more, the system master plan includes reference scenarios and example scenarios. 
Finally, it contains a list of roles for each of the scenarios and extensive lists of  
functional requirements for different modules and technologies of the simulator. 
Comprising well over 300 pages, the system master plan, is written after a thorough 
requirements analysis including site visits, interviews, questionnaires and a visit to 
one real-life exercise.  

The classification of the feedback data from the real-life exercise and its analysis 
was carried out independently by two researchers. Each researcher classified data 
according to different feedback types, which are based on an analysis of the literature 
presented in section 2. Afterwards, they discussed and merged their results. Out of 
548 observations noted down by observers, 49 observations on feedback were made.  



130 O. Druzhinina and E.T. Hvannberg 

 

Table 2. Feedback forms in the SMP 

Feedback form  Description or purpose 
Qualitative AAR Comments by instructor 
Quantitative AAR A summary report  
Immediate Visual Verification  
Immediate Action  Preventing mistakes 
Verbal feedback  Communication with 

fellow trainees 
Unidirectional  One-way feedback 

comments by instructor 
Multidirectional  Discussion with instruc-

tor 
Peer-reviewing  Feedback by fellow 

trainees 

4 A Case Study 

4.1 An Analysis of a System Master Plan with Respect to Feedback  

In this section we describe an analysis of the SMP [2] to see what requirements have 
been specified for the feedback available to the trainee. CRISIS VE supports func-
tions to diagnose and to make a full After Action Review (AAR) of a trainee’s action, 
decision and behavior based on data collected throughout the simulation game. Thus, 
the AAR module provides a quantitative summary report of the trainee´s overall per-
formance and details of an exercise. Based on this data, the instructor submits his/her 
own qualitative comments on the trainee´s performance. 

CRISIS VE supports immediate visual and action feedbacks. CRISIS VE sup-
ports immediate visual feedback, e.g. when a trainee places a Casualty Assembly 
Point (CAP) at a location, the system immediately draws a CAP object on the screen. 
An example of how CRISIS VE supports immediate action feedback is when the sys-
tem prevents the trainee from placing the CAP in an area too close to the site of an 
accident, since it would endanger the casualties in case of fire spreading. Thus, the 
system prevents the trainee from making a mistake, but signals him or her implicitly 
that an incorrect action has been carried out. Furthermore, CRISIS VE facilitates, by 
supporting communication with fellow trainees, learning by mistake. Trainees will be 
able to receive real-life verbal feedback through communication devices imple-
mented in the simulator, such as radio or mobile phone, from other trainees or instruc-
tors. CRISIS VE also supports both unidirectional and multidirectional feedback 
between the trainee and the instructor, as well as peer-reviewing between all trainees. 

CRISIS VE does not support sound as a form of feedback. Although it includes 
sounds to resemble the real-life environment [37], it does not notify the trainee of the 
success or failure of a task completion. While some research is underway for using 
haptic equipment, i.e. for sensing heart beats of casualties [38], the SMP does not 
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include such support for physical sense feedback. Error! Reference source not 
found. presents an overview of the feedback forms found in SMP.  

4.2 An Analysis of a Real-Life Exercise with Respect to Feedback 

Using the data from a real-life exercise, this section describes feedback a trainee gave 
another trainee or an instructor gave a trainee or trainees. We have put feedback 
types, either from the literature or the real-life exercise data, in bold. Quotes from the 
data are presented in quotes and italics. Error! Reference source not found. gives an 
overview of the feedback types.  

All 49 instances of feedback during the real-life exercise were verbal and qualita-
tive. An AAR was presented to trainees verbally at a meeting after the event, but a 
written report was planned as is customary in such exercises. 

Trainees were not rewarded, i.e. they were not provided with positive feedback, 
upon the successful completion of a task. Although there were many examples of 
verification feedback (19), such as when one commander tells the other that they 
“need better information on weapons”, most instances were of elaborative feedback 
type (29) with an explanation of the error or the problem, such as when “airline op-
erator discusses with Red Cross commander how to send the list” after feedback had 
been provided on not receiving the list although, reportedly, it had been sent. Another 
example of verification feedback was when the commander made decisions and 
organized the other trainees after having concluded: “transport capacity is not enough 
to transport all red casualties”. Elaborative feedback occurred during every status 
meeting. 

Many of the feedback during the exercise were of a corrective character (20): 
“Wounded still on the scene”, implying that they should not be on the scene, and only 
a few feedback instances were motivational in nature (10): “EOC commander con-
cludes that the transport capacity is not enough to transport all red casualties. She 
asks Resource manager for more resources”. Another example of corrective feed-
back was when an instructor stated that “ambulances should already be on the scene, 
but they are not”. 

Some of the feedback is only unidirectional (13), e.g. in the case of providing an 
assessment of the situation, at RVP: “It took too long time for activating resources 
from the Rendezvous point to the accident site”, or at the OSC post: “[We] need basic 
information on the status of the triage immediately in the beginning”. A further ex-
ample implies negative feedback when commander states “there should be better 
flow”. Another example of negative feedback happened when at the EOC it was ob-
served “NECC (National Emergency Coordination Center) has complained about not 
receiving a passenger list”. Feedback incidents that took place during the status meet-
ings were peer-reviews with trainees explaining their current state of work and prob-
lems. Most (39) feedback instances were peer-reviews, as they involved different 
trainees trying to solve one task. For example: “EOC commander concludes that the 
transport capacity is not enough to transport all red casualties. She asks the Resource 
manager for more resources. The radio operator informs that OSC has not requested 
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resources, only to move existing resources closer”. There were no multidirectional 
feedback instances. 

In two cases we noted feedback in the form of explicit teaching. OSC realised that 
the rescue coordinator had misunderstood the role of the OSC. In response, they at-
tempted to inform the coordinator of the correct procedures: Commander to Planning: 
“How is the flow?” - Looking at an overview at the display. Planning to Resources: 
“Do you want to have the ambulances closer?” Commander says: “Transport  
coordinator should resolve this” - explains the procedure and role of transport  
coordinator.  

Another example of teaching trainee procedures was when a commander at OSC 
said: “I want to iterate that EOC should organize transport of casualties out of the 
scene - this is not the responsibility of OSC but an EOC.”  

 Planning personnel at OSC communicated to the EOC: “You should talk directly 
to the transport coordinator” - Commander looks at the hierarchy with plans and 
says that according to the hierarchy, the medical coordinator and the transport coor-
dinator should organize the transport among themselves. 

Probing for information was noted as a trigger for feedback. At the OSC at a start 
of regular status meetings: “We don't have confirmation that the scene has been se-
cured. There they come (i.e. the rescue team) (Looking through the window). How 
much of rescue teams did he send? Do we have numbers from security coordinator?” 

During the real-life exercise, trainees were constantly burdened with various hic-
cups that persisted along the way, such as the equipment failure or data loss. For ex-
ample, “the police officer reports a radio problem and asks for assistance for fixing it 
or replacing”. This is important to mention since it could play a big role in determin-
ing the triggers for feedback in a simulation. There were other important triggers for 
feedback that took place during a real-life exercise. 

Many feedback instances were triggered through discussions (22 out of 49) and in-
formation sharing (42), e.g. during regular status meetings when numbers of casual-
ties were reported. Many instances triggered reasoning (20) and organization (22) 
among participants of an exercise, e.g. when the commander made decisions and or-
ganized the other trainees after having concluded that transport capacity was not 
enough.  

More examples of when feedback initiated a discussion were triggered after an is-
sue had been raised (11). At the EOC there was an incident when “The ra-
dio/computer operator informs that NECC has been trying to reach EOC. The EOC 
commander replies she is about to contact them”. At the EOC, another example 
which showed feedback which raised an issue: “We need transport capabilities from 
[City excluded for the sake of anonymity] - there is nothing on this in the database. 
This is a problem”. 

It is also important to mention that on some occasions the feedback resulted in a 
learning outcome. For example, in two feedback cases the trainee was learning by 
mistake as a result of feedback, e.g. a trainee learned not to inform patients of the 
death incidents as they became “upset when hearing about dead patients over a 
nearby tetra unit”. 
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Table 3. Feedback Forms in a Real-Life Exercise 

Feedback forms Literature / New  
Verbal qualitative L 
Verification L 
Elaborative L 
Corrective L 
Motivational  L 
Negative  L 
Unidirectional  L 
Peer-reviews L 
Explicit teaching  N 

4.3 A Comparison between the Planned Design and the Real-Life Exercise 

In the previous section, we presented how trainees received feedback of different 
types. In this section, we discuss how the design of a real-life exercise may contribute 
to the design of a simulation in terms of credibility of learning, by comparing it to the 
planned design. 

Although the purpose of feedback in real-life exercise and CRISIS VE is to train 
participants to respond in a crisis situation, some of the feedback practices in CRISIS 
VE contradict with the real-life exercise. There are differences in the delayed feed-
back during the real-life exercise and in the training simulator. The archival feedback 
provided in the crisis simulator is only available in text form, and it is quantitative 
with the possibility that the instructor may provide qualitative comments on the per-
formance. In the real-life exercise, the feedback which is given to the trainees as an 
aftermath of their performance is qualitative and is presented verbally or as text.  

The immediate feedback in the real-life exercise is provided by trainees, usually in 
the form of elaboration, both during the task execution and/or after task completion. 
In the training simulator, immediate feedback is provided in the form of action by the 
system, and can be received through conversing with other players via communica-
tion devices. The difference here is that the trainee does not get any immediate  
automatic feedback in the real world, so if s/he makes a mistake, it will have conse-
quences at a later stage of the training. The system, however, tries to prevent the 
trainee from making a mistake without explanations, and with no further conse-
quences. For example in real-life, if a trainee breaks something then other trainees 
will have to continue without it, and will have to use another object instead as a  
replacement.  

While CRISIS VE supports some learning by mistake function, it does not provide 
feedback to the trainee on the nature of a mistake. For example, in the case of placing 
a CAP area too close to the accident site, the simulator does not allow for the CAP to 
be placed. There is no explanation on why the CAP cannot be placed. Thus, the 
trainee may be unsure whether it is a fault in the software or if the reason is the prox-
imity to the accident site. Although in real-life a trainee does not get any messages of 
the sort, in the training environment s/he may become confused if there is no message 
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or alert generated when something is happening unexpectedly. Cyboran [15] has ex-
plained that learners do not benefit when the system does not specify its response 
towards learner´s action, particularly when the nature of response may not be clear or 
obvious. Analysing the system master plan it was unclear if incorrect actions or mis-
takes were logged for the AAR report.  

Furthermore, the work analysis revealed that in real-life many feedback incidents 
are connected to unexpectedness of situations, particularly equipment failures. How-
ever, in the master plan for the CRISIS simulator, there are only some vague sugges-
tions of triggers for unexpected incidents. While the master plan has a general design 
of feedback and unexpected situations, the training exercise showed that in real-life 
there are several typical situations that would need specifically designed feedback. 

5 Discussion 

In this paper we showed how feedback design may be overlooked if it is not sup-
ported by a work analysis that aids in explaining the relationship between feedback 
and learning during crisis management training. The current planned design reveals 
that the design of feedback, one of the most important learning tactics in education, 
contradicts with the real-life practices of crisis management training. 

The work analysis has shown that during the real-life exercise feedback incidents, 
similar to typical of crisis management training, occurred. Such similar feedback inci-
dents have been classified and grouped, and can be used in the design of a simulator 
for crisis management training. In preparation for the real-life exercise, exercise or-
ganisers said they were not expecting a lot of feedback given to trainees by instruc-
tors. The analysis reported in this paper showed that although not extensive, feedback 
was more apparent than expected. In future studies, it would be interesting to contrast 
this result to trainees’ reflection on their own work [11] as professionals or in an  
after action review and see how trainees expertise might determine this reflection vs. 
feedback.  

We analysed what the feedback implied in terms of learning in a real-life exercise, 
i.e. whether trainee would gain knowledge as a result of this feedback or get the mes-
sage that training needs to be improved in the future. For example, for assessment of a 
situation, a fellow trainee pointed out to the trainee that the situation was deficient, 
and that in future situations this would need be avoided or improved. Or, for raising 
an issue or probing for information, the feedback indicated to the trainee that a prob-
lem had arisen that could be solved now but little or no instructions were provided. 
Or, in the case of explicit teaching, the trainee received instructions and guidance on 
how to accomplish a goal. 

For this research, we have gathered empirical data to show how work analysis can 
incorporate and shape the design of the feedback incidents through comparison of the 
work analysis and an earlier design plan. In comparison, Narciss and Huth [30] car-
ried out research, based on literature, to derive guidelines on how to design feedback 
incidents. In their research, they emphasise how the cognitive task analysis plays a 
crucial part in the design of feedback.  
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Narciss and Huth [30] proposed three facets of feedback, functions of feedback 
(cognitive, meta-cognitive or motivational), contents of feedback (evaluative or in-
formative towards the knowledge of the result) and presentation of feedback contents 
(timing, schedule, adaptivity). Based on this framework, procedures are detailed on 
how to design feedback. Instruction contexts, such as objectives, tasks and errors 
contributed to the contents of feedback; and individual factors such as learning objec-
tives, prior knowledge and skills and academic motivation contributed to functions of 
feedback. Narciss and Huth [30] viewed the contents of feedback in terms of evalua-
tive and informative components. Comparing their classification to ours, the assess-
ment of a situation and raising an issue or probing for information may be considered 
as evaluative components, while explicit teaching falls in the category of an informa-
tive component.  

According to Gredler [39], simulations may be of two types: symbolic or experien-
tial. Symbolic simulation presents tasks where a participant must often use or improve 
theoretical knowledge to solve a problem, e.g. business manager, physician, or 
mathematician. Experiential simulation presents tasks where a participant is trained to 
gain knowledge of how to operate a device or perform a set of routine tasks, which 
require little to no need for scientific concepts or theorems [39]. Since Narciss and 
Huth studied learning environments for a symbolic type of simulator where trainees 
solve problems by presenting knowledge of the result, such as subtraction, we do not 
know if their findings can be directly translated to crisis management training, which 
is an experiential simulator. Nonetheless, it can be valuable to compare the two types 
to see how well the design guidelines can be translated from one type of learning 
environment to another.  

The research has some limitations. One limitation was that the observers may not 
have reported all of the incidents that occurred. Although the data set that we analysed 
was large, it was only from one real-life exercise. Thus, the feedback incidents re-
trieved are specific to that particular training scenario. 

Additionally, for more detailed modelling of a learning environment in a simula-
tion-based training, a study of gathering feedback from actual trainees, and not just 
observers, may need to be carried out. Castor et al. [40] performed a study for the 
purposes of gaining insight into the understanding of the cognitive processes of the 
trainees. The study was experimental in nature, and no well-defined model was de-
rived as an outcome, although suggestions of cognitive modelling approaches were 
made. CRISIS VE could benefit from such an analysis in determining the functional 
design of artificial intelligence components within the simulator, such as for unex-
pected events or computer-played characters. 

6 Conclusion 

Previous research on feedback seems to be scattered in individual areas ranging from 
communication to learning sciences, onwards to system related areas such as HCI, edu-
cational technologies and learning games. And thus, the theory of feedback in the con-
text of HCI is rather weak [27]. Furthermore, what makes it difficult is that feedback is 
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of varying abstractions along different dimensions, ranging from low lexical level to a 
high semantic level, from a drill type of training to training more cognitive complex 
tasks in disperse application domains, ranging from Sports training [41] to Medical 
training [42] onwards to Pilot training [16]. This research has shown that it is possible to 
categorize data from a real-life exercise for use in designing a simulator. Specifically, 
we showed how this data may be useful in recognizing what practices in real-life are 
frequent and need to be incorporated, and thus should be given more attention when 
designing a simulation. For example, many vague suggestions of unexpected situations 
were provided in a system master plan, while in real-life there were several typical un-
expected situations. 

By comparing data from a real-life training exercise to data from a system master 
plan, we have shown that it is necessary to pay more attention to learning aspects of a 
simulator, such as feedback. In particular, since the comparison revealed significant 
differences between the system master plan and the real-life exercise, the research has 
shown that while it is vital to carry out analysis of the domain tasks, roles and scena-
rios, the development of a learning system needs to take into account an analysis of 
learning tactics provided under a real-life setting. 
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