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Abstract

This paper presents and discusses experimental designs, measures, and measurement methods for
determining the effectiveness of training simulators. First, we describe experimental designs in which
training effects of training simulators are compared to those of conventional training. Next, the most
commonly used metrics for quantifying the potential beneficial effects of training applications are
explicated. We also present and discuss three main categories of measurement methods that may be used
to assess the beneficial effects of new ways of training on transfer or training effectiveness; that is,
methods based on measurement of learning performance of trainees, methods focusing on the synthetic
training device or overall training programitself, and ratings or questionnaires focusing on the subjective
evaluations of trainees. All designs, metrics, and measurement methods have their specific advantages and
limitations, which may make them highly complementary. In general, one should always be aware of the
advantages and drawbacks of each method and consider the most appropriate combination of methods for
each study, given the main research questions. Therefore, various types of measurement techniques should
be used in combination with each other for effective results in order to meet reliability and validity
requirements of training effectiveness studies. Finally, we give some examples of practical approaches
and draw conclusions on best practices.

1 Introduction

People have long used synthetic environments talatereality for training purposes. The first arstes

of these “training simulators” or “simulations” veeprimitive and mainly used for flight training loe¢

and during World War 1. Since then, training sinmia have expanded to include transport and vehicle
systems, military sensor and weapon systems, amgle® processes, such as military combat, genocide,
and the training of first responders (Schollmeg€06).

Training simulators are here defined as devicegi@dimg a synthetic and interactive environmenthen
basis of mathematical, physical, or logical modefgresenting (aspects of) the real (operationaf)dym
order to obtain training goals. The most prominexamples of training simulators are training
simulations, instructional computer games, and Ktians in e-learning environments. These synthetic
training environments may have many potential athges over real-task equipment and, if adequately
designed and used, can substantially reduce thé agnilitary training and enhance training
effectiveness. Since training simulators may aksguire substantial investment, not only in the devi
itself but also in instructional personnel and astructure, an important question concerns theegetr
which these systems are beneficial and cost-effecti

The benefit and cost effectiveness of trainingeayst however, is often only partially investiga€ahn,

et al, 2009). Many studies have been limited inrtiesign. They focus, for instance, only on fidebf

the simulation (e.g., Allan, Hays & Buffardi, 198@&)r on trainee reactions or subjective opinions of
experts or instructors (e.g., Stehouwer et al. 5208 meta-analysis by Alliger et al. (1998) haswh
that evaluations of training by trainees do notr@ate strongly with subsequent performance orjahe

In addition, results of many studies are confounofedharacteristics of the educational context mclv

the simulator is embedded, including the targetigronstructional practices, and preconceived opigi

of personnel. In addition, not all training simidais, or simulated instructional games, seem @ Uip to
their potential. With regard to instructional gamékys (2005) has reviewed 48 empirical research
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articles on training effectiveness. This reporbdtgludes summaries of 26 other review articled ah

theoretical articles on instructional gaming. Tle&evant major conclusions and recommendations from

their report are as follows:

- Empirical research on the instructional effectivenef games is fragmented, filled with ill-defined
terms, and plagued with methodological flaws.

- Some games provide effective instruction for soasks some of the time, but these results may not
be generalizable to other games or instructioragiams.

- No evidence exists that games are the preferréidiatidnal method in all situations.

On the basis of a meta-analysis of the literaturénstructional effectiveness of computer-basedeagmm
Sitzmann (2011) has drawn similar overall conclosio

The objective of training effectiveness measuremerdcquiring knowledge concerning the degree to
which a training system accomplishes the purposeswhich it was developed. These purposes are
usually related to real job activities and orgaticzaal goals, and thus lie outside the training gaon
simulation itself. In many studies, measurementaugoon the experiences and opinions of users or
trainees with regard to the effectiveness of aningi device. Next to that, many measurements and
evaluations focus on learning and trainee perfooman the training device itself. Both approacheek|

the measurement ofal transfer and retention of training results to Warkplace, i.e., the situation for
which the training was actually intended. Withoutts measurement, one remains ignorant of the tool’s
effectiveness or quality with regard to enhancetf gerformance in the operational environment &nd i
organizational impact (Cohn et al, 2009; Kirkpdri959, 1998). In addition, the factors responsfbte

the tool's success or failure will remain obscure.

At present, there is no generic framework predicgither the amount of transfer of training or tlst of
obtaining it. Generic knowledge is sparse on therdening factors, as affected by situational festo
(such as target group or type of task). This, hawreis crucial for decision makers who have to deci
about the purchase and application of training kitots. Therefore, in the present paper we wilufon

the designs, measures, and methods available to determine the quality or effectiveneas training
simulators in comparison with more conventionainireg environments, such as military training ire th
field and/or (embedded) training using operati@tplipment. In the domain of learning and modeling a
simulation (M&S) for training purposes, the coneepf training output are often captured in the term
transfer. Transfer denotes the ability to flexibly applha(is of) what has been learned to new tasks and/or
new situations, i.e., real world tasks on the jsbe] e.g., Baldwin and Ford (1988); Detterman &
Sternberg, 1993; Gielen (1995); Mayer & Wittrock996)]. The degree to which training leads to
enhancement of actual behavior on the job is thé gimndard of training (Alvarez et al, 2004). hist
contribution, we will discuss experimental desigtimje- and cost-based measures, and evaluation
instruments (questionnaires, checklists) for deiteing the benefit of training simulators relative dther
forms of training.

2 Experimental designs for studies on transfer ofraining
2.1 Seven designs

This section describes designs that can be usetieimsuring the training effectiveness of training
simulators. The descriptions are based on the wmsimon designs, first described by Campbell and
Stanley (1963). These designs focus on the conguaiié the effect of a treatment with that of no
treatment in an experimental setting. Below we heamslated these designs into experimental designs
which the training effects of training simulatore @ompared to those of conventional training.

1-2 RTO-SAS-095



MEASUREMENT OF TRAINING EFFECTIVENESS IN TRAINING SIMULATORS

Experimental-versus-control-group method

The experimental-versus-control-group method usdssign in which the experimental group is trained
with the simulator and the control group is trained real-task equipment only. Afterwards, task
performance is measured on real-task equipmentpradetermined criterion task resembling operationa
task performance. Preferably, performance is alsasured before the training (pre-) to get cleaa dat
the actual learning performance of the traineethibicase, the experimental-versus-control-groeghod

is generally thought to be the most appropriateystdesign to determine whether the simulator has
improved real-life performance (Caro, 1977).

Self-control-transfer method

According to this method, the experimental grouplso the control group. A group of subjects alyead
receiving real-task training would train for a givime on a simulator. Data from subject perforneaon

the real task before synthetic training startedoitained. These data are compared to data ofrpeafece
obtained on the real task after synthetic trainiffie difference between these datasets could fieustd

to the simulator. The mayor flaw in this desigrslie the absence of a genuine control group. Oneata
draw hard conclusions about the effectiveness eftthining device because the effect of synthetic
training is not compared to a control group thatampletely trained on real-life equipment.

Pre-existing-control-transfer method

There are studies in which a concurrently traineantol group might not be necessary.
For instance, synthetic training can be introduitedn existing training program. Learner perforneanc
data from the older or on a predetermined critetawk can be compared to data of performance by the
new experimental group who trained with the simarafhis method is called the pre-existing-control-
transfer method. Conclusions based on this methedemtative because of time-related changes; for
example, in the trainee group, in training methadsircumstances, or in the training staff.

Uncontrolled-transfer method

There are also circumstances where no control geaigts. Such a condition can occur when safetyspla
a role; e.g., forced landing by an airplane. Whemrontrol group can be formed, the training effestiess
of the simulator can be established by determinihgther subjects can perform the learned taskreala
life system the first time they perform this ta%kis is called first-shot performance and the mettiat

is based on this kind of measurement is calleduttvontrolled-transfer method. Data collected framhs
studies are tentative, since it cannot be conahlisishown that simulator training has had an eféecthe
real-task operations performed by the subjectsqC&77).

Quasi-transfer-of-training method

Because of efficiency (or financial) reasons, orethod often applied in validation of training siidrs

is the quasi-transfer-of-training method (QToT)eTdifference between the experimental-versus-cbntro
group method and the QToT method is that real-tasking occurs in the former (until criterion
performance is reached), while it does not in wet. Experimental groups receive training in the
simulator or with the instructional game that hadé evaluatedThe control group is trained on a fully
operational high fidelity simulator. Eventually,tbayroups are evaluated on a criterion task in filllg
operational simulatorThe difference in performance reveals the contigbuin learning results of the
simulator to be evaluated relative to the highiftgesimulator. Of course, the major limitation tfis
design is the absence training and performanceurerasnt under real-task conditions.

Backwar d-transfer method

In a backward transfer study, an operator who @sdy shown sufficient performance on the relevant
task has to perform in the simulator or serious @alinhe can perform the task on the synthetic agvi
backward transfer has occurred. The assumption iketigat transfer of training in the other direatio
(forward transfer) for learners who have been ingimn the simulator will also occur.

RTO-SAS-095-9 1-3



Measurement of Effectiveness for Training Simulations ORGANIZATION

Smulator-performance-improvement method

In the simulator-performance-improvement method,garformance of a learner is measured in a number
of subsequent sessions. An essential premise effective synthetic training program is improvemant
performance by the learners over several sessfomaining. If this does not occur, there would Ilhie
expectation of improvement in executing the regktddowever, the existence of learning in the tran
simulator or game does not necessarily mean that isHearned is relevant and, thus, transferretthi¢o
real, operational-task environment. In general,abgumption of transfer is only plausible if tha@nmng
environment is a high-fidelity environment with i degree of physical, functional, and psycholabic
fidelity (similarity) with regard to the real-tagivironment (Korteling, Helsdingen & Theunissen] 20

2.2 Discussion

Except for the experimental-versus-control-groughoe, all other (quasi-experimental) methods may be
susceptible to questions about their internal #glid his means that these methods have majordirits

for drawing certain conclusions about effects origgenance of training manipulations. Generallyicsly
controlled experiments permit strong inferencesualitbe effects. However, it is generally difficud
execute these experiments in practical settingst@degree to which the results can be generaliziéd
be lower (low external validity). While quasi-expeents may be susceptible to threats of internkditya
because of less rigorous control, they allow theeaecher to apply less controlled and more realisti
contexts (see also discussion in Section 4.4) #mds, have a higher external validity, i.e., better
generalization, or translatability of results, fmecational settings.

3 Time- and cost-based metrics

3.1 Four metrics

Here we present four metrics that have been intedipreviously to quantify the potentially benefici
effects of training applications, mainly by Rosdeqy., Roscoe & Williges, 1980). These metrics ban
adopted for use in the determination of transfdraihing, training effectiveness, and cost-effestiess in
training simulators. The type of experimental degsigeded to do that is the experimental-versus-alent
group method, which was presented above as the appsbpriate study design to determine whether the
training has improved real-life performance (Cat877). In this kind of experiment, an experimental
group is trained with a simulator. After a certpiriod of time, the group receives additional tiragnin

the real-task environment, until the real-task @eniance of this group reaches a predeterminedionte
level. The time needed for the experimental graupetich this criterion performance is then compared
with the time needed by a control group that hantigined only on the real task. The basic contiputa
for T (percentage of transfer) is

Te-Te
T= x 100% (Equation 1)
Te
T, Time needed for on-the-job training by a contragy to reach the criterion level.
Te Time needed for on-the-job training by the expental group after training with a simulator or

serious game.

From equation 1, it can be derived that wiemf a training program using a simulator is 100%, n
additional field training is needed by the experita¢ group to reach the same criterion performaxe
the control group. Whe, increases] decreases; hence, whéris 0%, training with the simulator does
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not produce any effecflT can even become negative. Negative transfer mewistraining with a
simulator interferes with the development of properformance.

For (expensive) training simulators, this perceatafjtransfer formula has a large flaw, becausaild to
consider the previously provided amount of practigéh the training environment by the experimental
group. Because the percentage of transfer forngnlarés the amount of synthetic training prior tetloe-
job training, it permits no conclusions about #fectiveness of the simulator as a training tool (Roscoe &
Williges, 1980).

An adequate measure, which incorporates the tiraetdp the simulator, is the transfer effectivenasio
(TER). The computation for TER is

-I;:' Te
TER= ——  (Equation 2)
T
where,
T, Time needed for on-the-job training by a contragy to reach the criterion level.
Te Time needed for on-the-job training by the expentakgroup after completing synthetic training.
Ts Synthetic training time by the experimental group.

A TER of 1.0 indicates that time savings on tragniar the real task are equal to the amount of spent
training in the synthetic training environment. WHEER is larger than 1.0 {F T, is smaller than J,
synthetic training is more effective than trainioig the real task. When TER is lower than 1.0, task-
training is more effective.

One should keep in mind that there is a maximunthertransfer of training in most training simulator
because all the skills needed on the real taskatdmm learned on a simulator. Therefore, TER is a
negatively decelerated function of the trainingeimith simulator or serious game.

A measure for expressing the effectiveness of firrtraining cost has also been developed, because
synthetic training in general is less costly thaal+task training. It is expressed via the costaiveness
ratio (CER), which is a ratio of TER and the tragpicost ratio (TCR). The computation for TCR is

G
TCR = ——- (Equation 3)
G
where,
Cs financial cost of simulator or game training (figre unit).

Ce financial cost of control group training (per timeit).
The formula for the CER is as follows:
TER C(Tc-Te)

CER = = (Equation 4)
TCR X Cs

For different durations of synthetic training, CERER, as well as T will change. A fictional example
illustrates this:

A control group needs 20 hours of on-the-job tragnto reach the predetermined
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criterion level on a given task. After completingh®8urs of simulator training, an
experimental group only needs 16 hours of additiomathe-job training to reach the
criterion level. In that case,

T =20%

TER =0.50

Suppose that operating cost of simulator trainiag been determined to be 15% of
costs associated with the real-task equipment.

TCR =0.15

CER =0.50/0.15=3.33

If only 15 hours of additional on-the-job trainiage needed in another situation, where
the experimental group gets 11 hours of simulasoning

T =25%

TER decreases to 0.45

CER=045/0.15=3

Cost-effectiveness is still achieved.

Cost-effective training can be achieved with CERiea above 1.

3.2 Discussion

The pure transfer-of-training measure (T) provigdermation about the amount of transfer in terrhs o
training time savings, but without considering #meount of training effort to obtain this result., 8dails

to consider the previously provided amount of pecactwith the simulator or serious game by the
experimental group and, thus, precludes conclusiiosit thesffectiveness of the simulator as a training
tool. This flaw is especially relevant for expemsiigh-end simulations. For serious gaming or BrRC
simulations, this is less of a problem, since thkisels of training simulators are considered cheap.
Moreover, playing instructional games may be eaieitig and, therefore, done in private or duringrep
time. The transfer effectiveness ratio (TER) isadequate measure, which reckons with the time spent
the simulator. It takes into consideration the amiai synthetic training time required to obtaie ttme
savings in conventional (on-the-job) training taak the training objectives. The cost effectiverrati®
(CER) goes a step further by also taking into antthe cost of simulator versus conventional tragni

One important nuance should be mentioned here reitfard to the time- and cost-based measures.

Outcomes showing limited values for T or a TER eabelow 1 may indicate that real-task training is

more effective or efficient. However, this does netessarily mean that simulator training ha®latided

value. Although it may not be as effective or éffit as training in real, on-the-job training sws,

simulated training environments can still be cdtient or valuable for various other reasons:

- It may bevery inexpensive relative to training with real equipment and/ordan real training
conditions.

- It may provide an alternative training solution wheeal equipment is unavailable and/or training
under real task conditionsdsngerous or restricted due to regulations.

- It may be preferred becauseeokironmental and sustainability issues.

- It offers the possibility of training under certailevant conditions thatrely occur at the working
place, such as emergency situations.

- It can be done iteisure time, which may make it very cost-effective.

- It still may save on the cost of instructional personnel.

- It may encourage people to engage in new initiatimestimul ate interest for new tasks or knowledge
areas.
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4 Methods for training effectiveness measurement

There are many types of measurement methods thabenased to assess the possible beneficial effects
of new ways of training on transfer or trainingeefiveness. Below, we will briefly present and dss
three main categories, i.e., methods based on mezasot of trainee (learning) performance, methods
focusing on the synthetic training device or oVetralining program itself, and ratings or questiaines
focusing on subjective evaluations by trainees.

4.1 Measurement of trainee performance

When using the (preferred) experimental-versusrobgroup method in order to calculate measuref suc
as T or TER, we need to measure additional traitimg needed in the real-task environment, unél th
real-task performance of the training groups rescheredetermined criterion level. This means that
during this additional on-the-job training time,rfmemance measurements will have to be made in a
standardized way, in order to determine whethenairthe criterion level is reached. So, this method
entails several groups training under carefullytagled conditions without artifacts due to, foraemple,
repeated testing (so-called test-effect), selectorinstrumentation effects. In addition, the perfance
measures should be ecologically valid, that isy tiheist be relevant for real-task performance. Tioeee

the measurements usually have to be carried guitaictical situations at schools and training sestior
areas. This may lead to several common difficulties

Lack of control

Measures may be hampered by rigid training schedidek of control over events, logistical consttsii
and circumstances, limited numbers of traineedaai or lack of access to fielded systems (Cdhal.e
2009). Lack of control of all these factors may esely threaten the validity of inferences based on
objective measurements of performance (Boldoviesg#mer & Bolton, 2002). Usually, fulfillment of al
these (basic) requirements in combination can dmyaccomplished by creating a specific training
program just for the experiment.

Measurement problems

Other difficulties are caused by the fact thatsitften hard to measumhat and how much exactly is
learned with respect to the (real) task or jobwbich the training is intended. Real operationalations
and even many normal job situations do not alwagsilye allow the objective measurement of
performance of former learners. And even when thleatworld measures can be collected, it remains
guestionable as to what respect the (confoundiag)ihg has contributed to that performance leant]

to what respect performance effects can be ataibiat other factors (such as the measurementf.itsel

Limited availability of control conditions

Finally, measurements of training effectiveness teaditionally performed after a training simulater
fully developed and instantiated in the trainingrimwlum. As such, it has already replaced a legacy
training system, such that comparisons betweenperienental and control group cannot be made (Cohn,
et al.,, 2009). In many other cases there is noatip@al system or prototype available to facilitate
empirical evaluation of training results.

4.2 Opinion-based evaluation of the simulator aining program

Due to these factors, studies that directly trygt@ntify performance-based training effects innirag
simulators or instructional games are hard to conhdund/or may have a limited scope. Therefore,
evaluation studies usually may (or should) incledructured evaluation by experts, personnel, or
students. This should be done in the context oftrhi@ing program and skills and competencies to be
trained. Hence, next to measurement of traineeopaence, other types of methods also have to be
applied for evaluating the quality of syntheticitiag. Below, we present three methods that evaluat
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various aspects of the training environment antiferwhole program in which the device is embedded.

The opinion survey method

In the opinion survey method, operators, instrigttnaining specialists, even students are intemikin
order to gather their opinions concerning the trgreffectiveness of a training device. For ins&gnc
guestions are posed to determine which aspectedimulator do or do not contribute to a high ¢fan

of training. Such opinion data often do not guasarguccess because the subjects interviewed may hav
little or no expertise on learning or cues fadilitg learning. Therefore, the data gathered mayyelasd

to erroneous conclusions about the required priggenf the trainer under development (Caro, 1977).

The simulator fidelity method

In this method, operational personnel (experts) pama the simulator on its physical, functional, and
psychological aspects with the real system (egmparison of the physical, perceptual, cognitive, o
affective characteristics of both). Systematic gin@procedures have been developed for the emmaym
of this model, which take into account fidelity lwdth the stimuli the simulator presents to thenaiand
the responses he/she makes to these stimuli. Tétisoh is based on the assumption that when physical
functional, and psychological fidelity is high, mider will also be high, and when fidelity is lotkansfer

will be low (Caro, 1977). Some investigators hakguad that a simulator can be a faithful physicadyc

of the real-life system, but that this, by itselfpes not allow any conclusive statement about its
effectiveness as a training tool (e.g., Adams, 1972

The simulator training program analysis method

In this regard, the simulator training program ssmsl method (STPA-method) may be a substantial
improvement, since this method specifically deteesi whether th&raining program is well-designed.
This is or can be done by using standardized clesKICaro, 1977). The STPA-method involves analysi
of the way the simulator is used to determine wéethe training program is well-designed. It isedbed
toward the appropriate attainment of training otiyes. This method can pinpoint possible factors
limiting the effectiveness of a simulator undertjgatar circumstances. However, it cannot deterntimee
extent of training effectiveness.

The main deficiencies of these evaluation meth@#ltheir one-sidedness. For instance, the sitoula
fidelity method does not take into account contektfactors, such as didactical, motivational, and
organizational aspects of training aids; e.g., tjuality and completeness of the training program,
instruction and feedback, or aspects of game pragontrast, the STPA method yields an outcome that
may be unrelated to real training value becausejtiadity of the simulator itself is not sufficiepttaken
into account (i.e., the various aspects of funai@and physical fidelity). In general, the combioatof

the training environment and the didactical andaorgational quality of the context in which thetgys is
embedded determine training effectiveness.

4.3 Ratings and questionnaires focusing on thedeai

The limited scope of the (often opinion-based) $ator evaluation methods may be extended by using
structured ratings or questionnaires on learnirgcgsses and competencies in the traifiéese may
provide valuable additional information about tlife@iveness and limitations of training devicebes$e
methods focus more on generic learning processtbe tnainee than on measurable learning performance
of trainees or characteristics of the simulatorraining program. This additional information magiude
ratings or questionnaires on knowledge and skilldf-efficacy, situational awareness, flow, stress,
motivation, experienced problems that remain dfteshing the training, etc. These aspects may igev
insight into the underlying generic factors relatied human performance and learning determining
outcomes of simulator evaluation studies.

4.4 Discussion
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With regard to all evaluation methods, a distinctivas to be made between process measures and
outcome measures (Salas, Milham & Bowers, 2003)cdas measures examine thanner in which a

task is performed by the trainee, whereas outcomesuares focus on how well a trainee accomplistees th
overall task. Process measures can be useful diigrtools explaining certain outcomes, iwhy it
happened, illustrating strengths and weaknesst®edfaining program or simulator that should hbezi
maintained, improved, or further developed to emdhat training goals are met (Cohns et al, 2009;
Fowlkes et al., 1999). All aforementioned metho@s/iocus on process- or outcome measures.

In general, there is an inverse relationship betwt® practicability of a particular method and the
reliability of that method’s results. Opinion-basézlibjective) evaluation measures—surveys, ratings,
guestionnaires, and checklists—provide elaboraferrimation concerning training processes. They
provide insight into the underlying learning prages and intervening factors that may determinaitrgi
outcomes. Compared to (more objective) measurenantsaining and simulator performance, these
evaluation measures are also more easily applieehvdomplete experimental control is difficult to
achieve. However, the more subjective methods mawighe limited or false information about the qtali

or effectiveness of a particular simulator. Theyymeflect personal opinions, expectations, biases,
preferences, instead of measuring the effectiveofesaining of a particular simulator. Indeed, tdglity

to report about experiences varies substantialiywdsen subjects (Sander et al., 2005). In addigaperts
(and students) often have preconceived opinionsitadimulators and games that may compromise their
objectivity, and professional crews working witlaiting simulators mostly have some interest in the
outcomes of evaluation studies. All these factoay miegrade the reliability and the internal validif
opinion-based results. When relying solely on thesbjective evaluation methods, it is therefore
important to use as many “blind” procedures asiptsand tests that do not enable individuals emiidy
desired response behavior. One should also lireiufe of distorted retrospective reports and tleel ne
disrupt an operator performing his or her taskrofeoto ask questions.

In general, opinion-based surveys, questionnanas)gs, and checklists are best used in combimatio
with objective measurements (e.g., time, speedr)eof trainee (learning) performance. This mayve

the best combination of reliable and relevant imf@tion on training effectiveness in a relatively
pragmatic way. Of course, the trainee-performaneasures should aim to reflect the most crucial and
relevant skills and competences with regard todperational task. Therefore, these measures should
preferably be adopted from on-the-job training perfance that mimics operational situations, or they
must be determined as much as possible underpegadtonal task conditions.

5 Two practical examples

Following are examples of parsimonious, cheap, simple ways to assess the outcomes of simulator
training, still using on-the-job performance by jgais.

A low-cost driving simulator (Kappé, 2001) has beeed an alternative method for studying training
effectiveness. The method was comparable to thentratled transfer method in that it can be reklgv
valid without needing a real control group. In thiady, the experimental group of trainees stéreading

a number of driving skills for which this low-cosiimulator was intended to be an adequate traimial t
(e.g., start-up procedures, driving on straight emded rural roads, driving on highways, traffisight).
After a couple of simulator lessons, trainees loaghbw their skills to an experienced instructothia real
lesson vehicle. On the basis of this assessmeninstructors could estimate the number of realdes it
would take for the average person who is trainetthénconventional way to reach a level of perforoean
equal to that of this simulator-trainee. This isvery parsimonious measure because it is simple,
straightforward, and capitalizes on the existingwdedge and experience of the experts. The indegénd
variable is the amount of simulator practice, te@ahdent variable is the estimation made by theréxp
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about the number of real lessons it would takedbtg this level of performance (which implicitlg i
based on knowledge concerning the performance mfesrdional trainees, i.e., a kind of virtual cohtro
group). In addition, the assessors were able peopiformance scores on different parts or aspscts
vehicle driving, which gives information concernitiige strong and weak aspects of the simulatoritrgin
It may be expected that these kinds of judgmenisbeamade by experts like experienced instructors.
recommended that the assessors remain ignorant thieotypes and number of simulator lessons pravide
to the trainees. This way, training effectivenesd efficiency are rapidly and cheaply assessedowith
control group. In addition, inter-rater reliabiligould be easily measured and verified by using &wo
more experienced assessors. Of course, the valsigchfjudgments is less reliable than the outcainge o
transfer of training study in which a “harder” megable criterion performance level on the real aysis
determined, or when a control group is used.

In general, it is always beneficial to use severathods to evaluate the effectiveness of a training
simulator. This minimizes the impact of the artifaof each individual method. It is not so diffict
apply several methods in one transfer-of-trainitgdyg. Interviewing subjects on their opinion after
receiving synthetic training is easy to do. Thisynissue in a more valid outcome of the study. An
example is a study conducted by TNO, using thishoegfor validating the Link-Miles Leopard 2 driving
simulator (Moraal & Poll, 1979). One group was riead on the simulator, one on the real tank. After
acquiring a certain level of performance on thé&sashe experimental group of soldiers had to remch
predetermined criterion level on the real tank. Théormula was used to define the effectiveness of
training on the simulator. Because the researclibese still unsure about the validity of the outeoof

the experiment, they applied a second method. A experienced drivers was asked to execute the
same tasks as the trainees on the simulator (itleMaad transfer method). The experienced drivenewe
then interviewed about their opinion on the simaigsimulator fidelity method). All this was done t
ensure a valid (internal and externalltcome of the experiment, with useful suggestionsnprove the
effectiveness of simulator training. The resultshef different methods applied in this experimeadtrbt
contradict each other.

6 Recommendations and final notes

This review was meant to give researchers in ttle Bf simulator research an overview of the défer
designs, metrics, and methods available for deténgitraining effectiveness of training simulatans
games. It will be clear that this measurement andfer-of-training simulators is a rather compkcht
issue and prone to methodological flaws and cordiwn factors. Therefore, we provide some
recommendations and notes on evaluating simulffiectveness.

1. Apply more than one method to assess the effee@sgenf a simulator or serious game. The use of
several methods in the same study will eliminate disadvantages of each single method and will
reduce the risk of erroneous conclusions.

2. Since a simulator in isolation is only a tool desid to attain specific training objectives, thelijya
of the whole training context in which this toolémbedded must be taken into consideration. Inrothe
words, the effectiveness of a training systemuggé a function of the training system itself atd i
training context. Therefore, evaluating traininfeefiveness (and its economic dimensions, utility o
training) must always occur in combination with gpgecific characteristics of mission, tasks, goals,
and operational environment. If these aspects@reansidered, training effectiveness evaluatioes a
useless (Muth & Switzer, 2009).

3. Next too that motivational, organizational, cullyend infrastructural features, may have huge thpa
on the transfer and (cost)-effectiveness of trgimsmulators. If, for example, instructors do not
believe in the simulator, fear for their job, or are nobtimated to work with new and complicated
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products of technology, transfer of training candexerely and negatively affected (Emmerik &
Korteling, 2012).

4. Measuring physical fidelity of a simulator is th@shprecise and reliable validation method bec#use
is based on objective physical measurements. Witbloysical data, however, one cannot predict the
behavioral characteristics of humans in the simoulalt is therefore useful to use task-specific
formulas that relate physical simulator variabepsycho-physical variables and human performance
variables (e.g., the relation between a display @injdct detectability). This may reduce the need to
measure human task performance in the validatiodiest of a simulator. Future investigations into
research training simulators can be used to pitipl@relevant simulator performance relationships.

5. Transfer-of-training studies are time-consuming &odtly. Therefore, when designing a transfer
study, devote substantial attention to finding treédy simple methods and procedures providing
transfer-of-training data. For instance, it is simes possible to use as control data the existing
performance registrations of groups that have pisly been educated or trained on the basis of
conventional methods and/or equipment.
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