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Background. The Dutch railway company ProRail is performing large-scale capacity
upgrades to their infrastructure network. As part of these upgrades, ProRail
uses gaming simulations to help prepare train traffic controllers for new
infrastructure situations. Researching the validity of these gaming simulations
is essential, since the conclusions drawn from gaming simulation use may result
in decisions with large financial and social impact for ProRail and Dutch train

passengers.

Aim. In this article, we aim to investigate the validity of the gaming simulations for
training traffic controllers for new situations in rail infrastructure. We also
aim to contribute to the discussion on the minimum level of fidelity required
to develop and conduct gaming simulations in a valid way.

Method. We investigate the validity by using training sessions in conjunction with
questionnaires. We based the approach and questionnaires on the earlier

work of Raser.

Results. Our results show that the validity of the gaming simulation ranges from
medium to good. They also show that while the fidelity of the gaming simulation
is not like the real-world operating conditions, this does not reduce validity to

low levels.
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Conclusions. We conclude that the gaming simulation used in this study was of
medium to good validity. We also conclude that maximum fidelity is not
required in order to run a valid gaming simulation session.

Keywords
fidelity, gaming simulation, infrastructure, questionnaire, railway, teaching, traffic
controller, train, training, validity

ProRail, the public organization in charge of maintenance of railway infrastructure and
train routing in the Netherlands, is substantially increasing its rail traffic capacity
(Meijer, 2012b). One of the consequences is the restructuring of infrastructure around
train stations, causing significant changes in the work of train traffic controllers. In the
new situation, train traffic controllers have far fewer track switches available to reroute
train traffic. This means that they have to anticipate routing problems further in
advance. Potentially, the restructured situations could lead to problems in routing and
consequently to large delays. Examples of potential problems are: (1) an increased
number of conflicts between the routing for passenger transport operators and freight
transport operators, (2) an accelerated failure rate of remaining track switches, which
may lead to traffic jams for the remaining track switches, and (3) a decreased amount
of time to route trains to shunting yards. Because of the potential problems with large
scale restructuring, ProRail intends to use gaming simulations to prepare controllers
before major infrastructure changes take place (Middelkoop, Meijer, Steneker, Sehic,
& Mazzarello, 2012). Preparations using gaming simulations may help prevent rout-
ing related problems such as disruptions of traffic, and calamities, which have the
potential to cause large delays, thereby preventing financial damage as well as pre-
venting delays and discomfort for passengers.

A gaming simulation is a model of a reference system, such as the Dutch railway
network (for a more extensive definition of the term gaming simulation we refer to the
work of Meijer, 2012a). This simulation allows the user to experience the simulated
situation without the risks involved in experiencing these situations in the reference
system itself. The gaming simulation in this article mimics a train traffic controller’s
workstation and shows adapted infrastructure in order to explore future infrastructure
situations.

ProRail cooperated with Delft University of Technology in order to model future
infrastructure and timetabling situation for railway stations in a flexible gaming simu-
lation environment called PRLGAME (Meijer, 2015). Figure 1 shows an example of
an interface of this gaming simulation. ProRail’s train traffic controllers play gaming
simulations in order to (1) become acquainted with future traffic situations and (2) to
facilitate an early recognition of difficult or risky situations (such as the busiest track
switches and the available timeframe for using shunting yards). This approach follows
developments in gaming simulation theory and educational theory (Amory & Seagram,
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Figure I. The image shows an example of the modeled future infrastructure in the Utrecht
area as presented in the gaming simulation.

2003). Although the same technical gaming simulation framework allows for other
purposes as well, in this article we focus on the training capabilities only.

The question we pose in this article is whether the applied gaming simulation is
valid for training railway traffic experts. An invalid game may not lead to an increase
in traffic controller’s efficiency. In a worst-case scenario, invalid gaming simulation
may lead to a drop in efficiency and increase routing related problems. Empirical
research of gaming simulation validity is necessary because lack of validity may result
in lack of a gaming simulation’s desired effects. For example, in the work of Whiteley,
Leduc, and Dawson (2004) an empirical investigation showed that their gaming simu-
lation does not improve player’s knowledge. Whitely et al. stated that this lack of
effectiveness could be mitigated by checking (and ensuring) internal validity. We base
our approach to investigating the validity of ProRail’s gaming simulation on three
validity aspects proposed by Raser (1971) and Peters, Vissers, & Heijne (1998). We
have not found any pre-existing questionnaires of Raser and Peter’s validity; because
of this, we have created our own questionnaire.

A second goal of this article is to contribute to the ongoing discussion on the neces-
sity of high simulation fidelity. High fidelity may not contribute positively to the
desired learning effects of our gaming simulation (Alessi, 1988; De Winter, Dodou, &
Mulder, 2012). In fact, high fidelity may hurt learning performance (Martin & Waag,
1978). The gaming simulation investigated in this research has a high fidelity when
observed in the light of Feinstein and Cannon’s (2002) framework. E.g., the simulation
visually matches a train traffic controller’s workstation and behaves in a nearly identi-
cal fashion. We investigate whether our gaming simulation does indeed have a high
fidelity and we make a connection between the level of fidelity and the validity of the
gaming simulation.
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Section two (background) discusses previous work on validity, as well as back-
ground on the ongoing fidelity in gaming simulation discussion. Section three (meth-
ods) presents our research setup, the gaming simulation and scenario, the participants,
and the questionnaires that were used. Section four (results) presents and explains a
systematic overview of our results, starting with the background information question-
naire and finishing with the validity questionnaire. In section 5 (discussion) we discuss
the results in the order of (1) psychological reality, (2) structural validity, (3) process
validity, (4) subjects, and (5) fidelity. Finally, Section 6 (conclusions) presents a brief
overview of the results followed by conclusions and future work.

Background

Historically, developers have applied gaming simulations with various goals. Peters
et al. (1998) identified three categories of tasks for which gaming simulations have
been applied: (1) training, (2) research, and (3) policy. In this research, we focus on
gaming simulations for training. Validation is required in order to make sure the gam-
ing simulation meets its goals. Because of the variety in possible approaches for reach-
ing the goal, validation becomes a challenging process.

Raser (1971) proposed an approach to validating gaming simulations. In his
approach, gaming simulation designers should take into account four relevant aspects
of validity. These relevant aspects are: (1) psychological realism, (2) structural valid-
ity, (3) process validity, and (4) predictive validity. If a gaming simulation is valid in
these four aspects, designers can be confident that the gaming simulation meets its
design goals and can be trusted as long as it falls in the category of research gaming
simulations. Peters et al. (1998) stated that for the category of training gaming simula-
tions, only three of the four validity aspects are relevant. These relevant aspects are
psychological realism, structural validity, and process validity.

In relation to the second goal of this article, fidelity appears to have a partial over-
lap with the validity aspects proposed by Raser (1971). We come to this conclusion
because a decrease in complexity of the simulator would result in both reductions in
fidelity as well as a decrease in either structural or process validity.

The Fidelity Discussion

Hamstra, Brydges, Hatala, Zendejas, and Cook (2014) defined fidelity as the degree to
which a simulation is perceived as physically similar to the part of the real world that
it is meant to simulate. E.g., the degree to which the simulator looks, feels, and acts
like the real world.

Although some researchers have expressed doubts about the need for using simula-
tions with high fidelity (as opposed to low fidelity) (Alessi, 1988; De Winter et al.,
2012), much effort has been put into developing high fidelity simulations. Since this is
of critical importance to health care training success, already a literature search in
Google Scholar using the terms “high fidelity” and “nursing” for the years 2014 and
2015 reveals 43 articles with specific emphasis on the level of fidelity in the field of
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nurse education alone. As the discussion on this topic suggests, simulators may not
need high fidelity. Instead, low fidelity simulations may already be sufficient. If this
position is true, efforts in simulation development may be devoted to different areas
instead of on fidelity improvement.

Proponents of high fidelity stipulated that high fidelity helps in reaching simulation
goals (Klipfel et al., 2011; Weaver, 2011). Some researchers went even further and
claimed that some forms of simulation require a sufficiently high fidelity in order to
produce useful results (Kadir, Zuhra, & Xu, 2011).

Opponents claimed that the level of fidelity has been shown to be independent of
simulation goals in terms of teaching effectiveness (Hamstra et al., 2014). Empirical
results support this theory by showing outcomes of simulation-based training that are
independent of simulation fidelity (Conlon, Rodgers, Shofer, & Lipschik, 2014). In
this research, fidelity may influence some intermediate effects. However, we do not
find that fidelity has a significant effect on the overall simulation goals of education
effectiveness. If this is true in general, investing effort in raising the fidelity of simula-
tions might be ineffective.

Some opponents advocated a new definition of fidelity. They felt that fidelity
should focus less on physical realism and more on functional realism (Hamstra et al.,
2014). To the authors of this article, this line of reasoning seems to be in line with
Raser’s (1971) reasoning. However, Raser used the conceptualization of validity
instead of fidelity. Feinstein and Cannon (2001) had also observed this high level of
overlap of terms. We may look at Raser’s validity as an alternative definition of fidel-
ity. Alternatively, validity and fidelity might be seen as (partially) overlapping because
the concepts seem to complement each other. As Feinstein and Cannon (2001) noted,
the concepts of physical realism in fidelity and structural validity are very similar. This
literature review shows that the fidelity discussion, and specifically the ideal level of
fidelity, has not yet been decided. Although we do not claim to solve the issue in this
article, we will attempt to provide our own perspective on this matter during the course
of this article and contribute to the discussion.

Methods

In this section, we present the setup, the gaming simulation and scenario, and the two
questionnaires that were used for this research. We will present our analysis tech-
niques together with our results in the results section.

Research Setup and Preliminary Questionnaire

The testing location for our research was at the ProRail control center for the Utrecht
region (called ‘post Utrecht’). In this investigation, 22 train traffic controllers partici-
pated. The participants had varying levels of experience at post Utrecht and as a train
traffic controller in general. Every controller had experience working at the topic of
our simulation: the workstation controlling the routing for the Utrecht Central station
area.
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The investigations consisted of 11 sessions. In every session, we tested two control-
lers simultaneously. The structure of our sessions was always the same. Two traffic
controllers arrived at a previously agreed upon time in the gaming simulation room.
Three investigators as well as one or two senior traffic controllers were present in the
room. One workstation was available for each train traffic controller. A more extensive
explanation of the workstations will be provided in the subsection ‘the gaming simula-
tion and scenario’.

We gave instructions before starting the gaming simulation session. At the start, the
investigators introduced themselves and the principal investigator explained the goal
and the structure of the session. Following the introduction, the senior traffic control-
lers provided an explanation on the infrastructure changes that would occur in the
future and on the changes that were already present in the gaming simulation.
Participants filled out a preliminary questionnaire before the start of the experiment.
This questionnaire contained five questions on the controller’s experience levels and
on their interest in participating in the investigation. We instructed the controllers that
all the data for this investigation would be processed anonymously and that their
answers would not be retraceable to them personally.

After the introduction and the preliminary questionnaire, the gaming simulation
scenario started. The scenario lasted for about 60 minutes. After the scenario, the par-
ticipants completed the validity questionnaire.

Finally, we debriefed the controllers on the new infrastructure situation and on the
experiences that the controllers could take away from the gaming simulation. In this
debriefing the controllers, the senior controllers, and the investigators participated and
all participants had the opportunity to share their experiences of the simulation.

The Gaming Simulation and Scenario

In order to present the contents of the gaming simulation we should first clarify the job
description of a train traffic controller. Controllers have the task of routing trains
through a control area. The trains run based on a basic rush hour timetabling. This pat-
tern repeats each hour during the course of rush hour with no or minor variations.

In normal traffic circumstances, usually some changes occur to the routing due to
delays and problems in the control area. Some of the problems arise due to the limita-
tions of the infrastructure in a given control area, other problems arise due to problems
with the trains, with the passengers, or with complications from outside the train sys-
tem (such as unexpected damage to infrastructure, vandalism, maintenance works,
etc.). It is the controller’s responsibility to solve as many of these problems as possible
by routing trains around problem areas to the best of his abilities.

The contents of the gaming simulation were as follows. Traffic controllers had to
work 60 minutes of the basic rush hour timetabling for Utrecht central station. Unlike
the regular infrastructure that was present in Utrecht central station in the real world,
the simulation contained the infrastructure and basic rush hour timetabling that would
be present in the future, after a major infrastructure upgrade. The scenario contained
light delays similar to those present in normal traffic, as train traffic controllers simply
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Figure 2. The image on the left shows the reference system, the image on the right shows
the gaming simulation (we made the train traffic controller anonymous).

needed to become acquainted with the new infrastructure and to the new basic rush
hour timetabling.

The major change in the future infrastructure is the removal of 66 out of the 250
track switches. This change allows for far less routing options for traffic controllers.
This is the first time in ProRail’s history that such a large-scale reduction of switches
will be implemented. Therefore, the infrastructure changes constitute a large change in
the working routine of the traffic controllers. The severity of the change may influence
traffic controller responses. However, since this is also the first time this type of validity
investigation takes place we are unable to compare responses to other investigations.

The gaming simulation session used a replication of the real workstation (com-
puter) setup with four screens and a replication of the software the controllers nor-
mally use, called PRLGAME. In the simulation software, we implemented the
infrastructure as it would be in the future, after the infrastructure update had taken
place. Part of the software was an extensive simulation algorithm that mimics the
movements of the trains through the simulated traffic area. The software is capable of
simulating delays and other problems but for the purpose of this investigation, we used
an undisturbed situation. We based the routing tables of the trains on the routing tables
that will be used after the infrastructure update had taken place. Figure 2 provides an
impression on what the reference system (the traffic controller’s screens) looks like
and on what the gaming simulation looks like. Although a telephone is present in the
gaming simulation image, it was non-functional and significantly different from the
phone system that is normally used.

Two features in our gaming simulation differ from the real traffic situation and
workstation. Firstly, the used simulation has no implementation of the safety actions
that traffic controllers should take in case of specific delays or disturbances. We con-
sidered the absence of this feature as irrelevant for our investigation because the
intended purpose of this gaming simulation was to train the traffic controllers in the
new infrastructure setting without disturbances. The second difference is the fact that
our game had no communication between controllers and train drivers or other parties
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involved in normal traffic control. This was also no relevant part of the investigation
because the scenarios did not require any communications given the small delays.

The Background Information Questionnaire

The preliminary questionnaire contained five questions. The first three questions con-
cerned the experience level of the participating traffic controller, the fourth question
asked about the level of interest the controller had in participating in the investigation,
and the final question was about whether the controller also had experience as planner
for the simulated workstation.

The Validity Questionnaire

The validity questionnaire consisted of 18 questions about the gaming simulation’s
validity. In the questionnaire, we posed three questions per validity aspect. The ques-
tionnaire was built up of an earlier questionnaire used by Lo, Sehic, and Meijer (2014)
with an addition of nine new validity items. The questionnaire focused on validity mea-
surements of the simulated environment in relation to the task, e.g. ‘the representation
of the time tables is sufficient for the task I perform in the simulator’ for structural
validity. We refer to these original items as VT’ (validity — task) items. The new items
focused on validity with regards to the similarity of the simulated environment in rela-
tion to the work environment, e.g. ‘the simulated workplace looks the same as normal’
for structural validity. We refer to these items as ‘“VW’ (validity - workplace) items.

Results

In this section, we provide the results of this investigation and the analysis methods
that we used to obtain them. We present results per individual questionnaire item and
per validity aspect.

The Background Questionnaire

We used this questionnaire to control potentially confounding variables. The results
for the background questionnaire questions can be seen in Table 1. We translated the
questions in all the results tables from Dutch to English wherever translation was
required. The level of interest item gauged the willingness of traffic controllers to
participate in this research.

We found no correlation between the outcomes shown in Table 1 and the scores on
the validity questionnaire.

Means and Standard Deviations for the Validity Questionnaire

Table 2 shows the means of the 18 validity items in the validity questionnaire. We
sorted Table 2 by mean values in descending order. The first column contains a code
identifying the question number and section of the questionnaire in which it was
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Table I. Means and Standard Deviations (SD) of the First Questionnaire.

N Mean SD

How many years of experience do you have as controller 22 11.52 9.67
in your current workstation?

How many years of experience do you have working for 22 13.88 12.95
ProRail?

How many years of experience do you have working at 21 8.86 8.47
the Utrecht workstation?

What is your level of interest in participating in this 22 3.95 1.05

gaming simulation? (1-5)

contained. The original questions by Lo et al. (2014) are identified by the letter “VT’
(validity task) while new questions are identified by “VW’ (validity workplace). A
salient detail is that item VT4 had been inverted (this inversion is already accounted
for in the mean result value). Since all participants were in the same group between
groups analyses were not necessary. Table 2 shows the trend that simulation VT ques-
tions are rated higher than VW simulation questions.

The questionnaire results can be found in Table 2. All questions are Likert type
questions with possible answers ranging from one to five. Likert type items are items
containing a statement for which the subject has to indicate his amount of agreement.
For this type of item, choosing one (1) indicates that the subject completely disagrees
with the item statement and choosing five (5) indicates that the subject completely
agrees with the item. The item scores follow normal distributions and may therefore
be analyzed as interval variables.

Overall Results for the Validity Aspects

We constructed the validity questionnaire to measure the three aspects of Raser’s
(1971) method (psychological realism, structural validity, process validity). We con-
structed six items per aspect in the second questionnaire. We divided these items
equally between the VT and the VW part of the questionnaire. The averages for each
aspect can be found in Table 2 by referring to the category column.

Results Per Validity Aspect

We have calculated group averages for categories containing the three validity aspects
for VT items and for VW items. These calculations resulted in six means, which can
be found in Table 3. The results show that all validity means fall around 3.00 or higher
except for one (mean = 2.80 for process validity in the VW items).

Discussion

In this section, we discuss and interpret the obtained results. We start with psychologi-
cal reality, followed by structural validity, then process validity, then the number sub-
jects in relation to validity, and finally we conclude with fidelity related points.
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Table 2. Means, Standard Deviations (SD), and Item Categories.

N Mean SD Item category

VT7  The simulated scenario is similar to 21 4.19 .68 Process validity
a situation that appears in real life

VTI  The representation of the time 22 391 8l Psychological
tables is sufficient for the task | reality
perform in the simulator

VT3  The infrastructure model is 22 3.82 73 Psychological
sufficiently realistic for the task in reality
the simulator

VT5  The train movements in the 21 3.67 91 Process validity
simulator work with a similar
process to those in reality

VT8  Information from sources in the 21 3.6l 1.02 Structural
simulator can be used in the same validity
way as the information in reality

VT2  The simulation environment felt like 22 3.45 .14 Psychological
my normal working environment reality

VT6  The simulator contains the 22 3.32 .13 Structural
necessary functionalities to validity
perform the task set in the
simulation

VW3  The train movements appear 22 3.32 1.04 Psychological
realistic reality

VW6  All normal infrastructure and 19 3.26 8l Structural
systems are present in the validity
simulation

VW4  All normal hardware is present in 20 3.25 1.12 Structural
the simulation validity

VWI The simulated workplace looks the 22 3.09 1.19 Psychological
same as normal reality

VT4  (Inverted) | do not have all the 22 2.95 95 Structural
necessary information needed to validity
perform my task in the simulator

VW2 The software looks the same as 22 291 1.06 Psychological
normal reality

VT9  The processes (interactions, 22 2.86 1.08 Process validity
communication) in the simulator
are the same as those found in a
similar situation at my workplace

VW7 The computer equipment works the 21 2.86 1.06 Process validity
same as at a real workplace

VW9  The trains react normally 21 2.76 .83 Process validity

VW8 The software work the same as 20 2.65 .93 Process validity
normal

VWS5  All the normal usage options are 21 2.57 .87  Structural
available in the software validity

Note. Answers ranged from | to 5.
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Table 3. Mean and Standard Deviation (SD) Per Validity Aspect.

N Mean SD

Validity task Psychological reality 22 3.73 71
Process validity 20 3.62 .66

Structural validity 21 3.33 74

Validity workplace Psychological reality 22 3.1 92
Process validity 20 2.80 .80

Structural validity 17 3.16 .80

Psychological Reality

As reported earlier in this article, we have measured psychological reality using six
variables. We can see that psychological reality has a high average score, especially in
the VT section of the questionnaire (mean = 3.7 out of 5). This response average shows
that traffic controllers consider the simulated workplace to feel very similar to the real
world workplace. Furthermore, this score indicates that traffic controller’s perceptions
are is that the representation of the simulated timetables and the simulated infrastruc-
ture appear to be fairly realistic.

We notice that the items with lower scores (Mean = 3.00 or lower) are related to the
appearance of the software and the appearance of the simulated workplace. We may
explain this result by noting that the original software has a slightly different layout
compared to the simulated software. This difference in layout is caused by the differ-
ence in programming languages used to produce the software, this results in slightly
different implementations. However, most of the simulation software’s appearance is
the same as the original software, which most likely is the cause for the other reason-
able evaluation scores (3.00 or higher for the other software items).

The appearance and organization of the workplace also receives a lower score than
expected (Score = 3.09, a score in the region of 4.00 was expected). One possible
explanation may be the lack of telephone equipment in the setup. We left this equip-
ment out because, as explained earlier, our simulation lacked the disturbances that
required communication. We may be able to remedy this issue by simply placing the
phone equipment and not using it. Furthermore, the physical setup and layout of the
testing room different from the real traffic controller’s room because the actual traffic
control room was in use in the daily routing activities. This may also account for lower
perceived realism in appearance.

Structural Validity

Our research shows a slightly above average structural validity score (Mean = 3.33
and Mean = 3.16). We can interpret this as structural validity being slightly above suf-
ficient. We can see this result in both individual questionnaire items and in averages,
for both the VT and the VW part of the questionnaire. The only exception to this result
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is the item “VWS5’: ‘All the normal usage options are available in the software’. This
item is slightly below average (Score = 2.57).

Raser (1971) explained structural validity as the isomorphism between a simula-
tor’s structure and the structure of the reference system. Raser’s structure refers to all
physical qualities as well as actors and use options.

The goal of our simulator was to enable train traffic controllers to explore the future
infrastructure of Utrecht Central station as a form of training. As explained earlier, we
focused on implementing the required software and providing a correct representation
of future infrastructure. However, in our design process we have not implemented the
safety and communication tasks that are normally also present in the work of control-
lers. However, routing related communication was possible between the two simulta-
neously testing traffic controllers. It is evident that the absence of safety and
communication has led to some simplification of the simulator’s structure. We feel
that this difference between the simulator and reality may be responsible for the lower
scores on the structure items.

Conversation with the controllers (both during the debriefing and informal) has
revealed that controllers missed the safety aspect in the simulation. Controllers made
several remarks about this difference. Curiously, the scores on the psychological real-
ism items indicate that the absence of the safety and communication did not seem to
influence the opinions that the simulator appeared to be realistic.

The apparent opposition between the mean psychological reality and the mean
structural validity leads us to wonder whether we need to strive for a high level of
structural validity at all for the purpose of training (such as in our simulator). Possibly,
a simulation needs only a minimal level of structural validity. We advise that further
research is needed to show whether low structural validity leads to reduced learning
effect, especially if psychological reality is high. In these findings, we recognize the
long on-going discussions on realism and complexity versus learning effectiveness
(Dittrich, 1976). We also recognize the discussion on the amount of focus games
should have on realism and verisimilitude as opposed to on holistic and other features
(Myers, 1999). Finally, we can relate this to the discussion of realism versus symbolic
representation (Dormans, 2011).

Process Validity

In process validity, we see results varying widely from below to above average (Scores
from 3.61 to 2.57). In the VT part of the questionnaire, we see that two out of the three
items have an above average score (Scores 3.61 and 3.32). Contrastingly, in the VW
items we see a below average score in all process validity items.

We note that the below average item in the VT part may be explained by the pres-
ence of the word ‘communication’ in the item. Since the entire communication process
was absent from the simulation (and no telephone equipment was present) it is feasible
that this prompted controllers to score this item lower.

In the below average process validity in VW items we note that a common attribute
of all these items is the word ‘normal’. We also find this term in the lower scoring
items of psychological reality. It is possible that this term puts controllers in a more
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critical frame of mind. It is of course also possible that items in the VW part of our
questionnaire were not representative enough for process validity. Alternatively,
including subjective terms such as “normal”, “similar to”, and “sufficient” may invite
additional variability because of the multi-interpretable nature of the terms.

As a concluding remark for the validity aspects, we note that whether something
feels real (psychological reality) may be related to the way something behaves (pro-
cess validity). It is also true that if a process has all the expected parts (which indicate
structural validity), abnormalities in behavior (which would indicate a lack of process
validity) may not be recognized, especially in a system that has a lot of variation and
complexity in its behavior in real life. We suspect that the validity aspects proposed by
Raser (1971) may not be independent of one another. We can firmly state that this
topic merits further investigation.

Subjects

We performed this research using ProRail personnel as research subjects. This
approach brings along the benefit that the validity of the simulation is being investi-
gated with the future user group of this specific simulation. The downside of this group
of subjects is that we are working with a small number of subjects (looking from the
perspective of statistical methods). Aside from the small number of subjects, a differ-
ence between the subject sample and the population did not present itself. In other
words, all possible individuals that could in the future be using this particular simula-
tion and scenario combination were actually using it. However, it is true that with the
hiring of new traffic controllers in the future the population will change.

The consequences of having a small number of subjects are that smaller statistical
effects may be missed as being significant or effects may be missed because of low
statistical power. In order to prevent this type of problem we need larger sample sizes.

Options to increase the sample size do exist. We could use additional students in
pilot studies or we could use traffic controllers from posts other than post Utrecht
central. Disadvantages to using these alternative sources of subjects are that these
subjects have far less experience. In the case of the students, they would even have to
be (partially) educated as traffic controllers before they would be capable of using the
workstation for post Utrecht at all. The required education for students makes adding
students as a sample nearly untenable. However, testing controllers from different
posts should be considered as a serious option.

Fidelity

In relation to the long-running realism versus symbolism discussion, our results sup-
port the position that high physical realism is not necessarily a prerequisite of a high-
perceived realism. Our results show that psychological reality items can be high even
though the structural validity is rated lower. We posit that leaving details out of the
simulator makes it less complex and more abstract and symbolic. In our perspective, a
game may be seen as a system with multiple parts in which a reduction of fidelity for
one part may not influence the fidelity on other parts of the system. An example in this
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study is leaving a whole process like communication and a physical phone out of the
simulator does not reduce the perception of realism for the simulator overall. The play-
ers seem to be able to compartmentalize their gaming simulation perception. Further
research is required to test this hypothesis.

Some researchers have claimed that striving for maximum realism can make flaws
in a simulation’s realism more obvious and may focus attention of players on those
gaps instead of on the intended contents and lessons of the simulation (Alessi, 1988).
In our gaming simulation, gaps in realism were obvious to the participants (they were
able to spot flaws in structural validity) and may have been the cause of lowered valid-
ity. However, the gaps had no functional bearing on the simulation goals or simulation
success for the players (psychological reality remained high). We feel that the need for
high levels of fidelity is related to the exact definition of fidelity and to the require-
ments of the gaming simulation that is being considered.

Generalizability

In this research, we have investigated the validity of our gaming simulation. Due to the
specific nature of our system: computer assisted simulation combined with the topic of
train traffic controller training, and furthermore due to the low number of participants,
we assume that issues will arise with replicability. Therefore, we feel that using a close
replication of our methodology is not guaranteed to yield good results in a different
ProRail traffic control post. Specifically, with regards to the physical setup and the
ability of the computer simulation to accurately simulate the issues of each given
ProRail post. However, we feel we have demonstrated that through the careful consid-
eration of validation items the questionnaire technique can be re-used in the ProRail
railway systems on different locations. This approach to validation may even be used
in different countries for different railway management companies if the proper care is
taken. Finally, the validation of gaming simulation systems is an important issue.
Gaming simulation developers should always consider whether their systems validly
portray the reference system that they aim to simulate.

Conclusions

In this investigation, we have used questionnaires to investigate three facets of validity
proposed by Raser (1971) and Peters et al. (1998). We have done this investigation
during a gaming simulation session for the ProRail organization using a mockup
workstation for train traffic controllers. ProRail used the simulation as a training
method to prepare train traffic controllers for future railway infrastructure configura-
tions. Specifically, we have investigated the validity of gaming simulation training for
the future infrastructure of Utrecht central station.

We may conclude that the subjective ratings for our simulation’s validity were good
(overall above average). Our findings show that validity scores for this simulation
ranged from slightly below average (around 3 out of 5) to good (scores of 4 out of a
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maximum of 5). These results are applicable to individual items and to averaged scores
over types of validity. Both in the questionnaires and in the debriefing, participants
indicated approval of the representation of the railway systems and the systems used
in day-to-day operations. As for the relevance of high fidelity, we conclude that our
findings support the notion that higher fidelity does not necessarily mean higher per-
ceived simulation effectiveness. Our results show that psychological reality may
remain sufficient even with lapses in fidelity (stimulation missing the entire commu-
nication aspect) that are obvious to the gaming simulation players.

In future work investigations could focus on research into the learning outcomes
for different levels of validity. We should also focus on improving sample size in order
to increase statistical power and improve significance levels. The current question-
naire items are fully representative of the concepts they are intended to measure in a
theoretical sense. However, to continue using the current validity questionnaires in the
future it would be advisable to perform a methodological analysis of the items to see
if all relevant sides of the validity constructs are covered and to see if the item quality
is high enough. One technique to consider for evaluating and potentially improving
the quality would be confirmatory factor analysis.

Furthermore, a potentially interesting research topic would be the compartmental-
ization of fidelity. One option would be to create gaming simulation systems in which
it is possible to manipulate the fidelity of its parts in order to tease apart the types of
manipulations that influence the overall perception of the system and the teaching
effectiveness of the system. Finally, we consider investigating overlap between Raser’s
structural and process validity to be a very promising research topic.
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