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Abstract

Virtual reality is a frequently used tool in vocational training. Nevertheless its efficiency
has not been systematically tested. The main goal of this study is to assess the
effectiveness of a virtual environment (VE) for learning a complex procedure in the
biomedical domain. Two experiments were performed. The first one assessed internal
validity of the VE, which is the effectiveness of using a VE in the process of learning a
new procedure. The second one tested external validity of the VE, which is the
participants’ ability to reproduce the acquired skills in a real context. We find that
internal and external validity must be evaluated before using a virtual environment in
long-term procedure learning. The results of such evaluations are a basis for future
experiments aiming to optimize learning conditions in a VE and transferring the

acquired skills in a real context.
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1. Introduction

In order to reduce the time and costs of training, virtual reality has been developed for
use in the industrial, military, medical and sport domains (Beyer-Berjot, Palter,
Grantcharov, & Aggarwal, 2014; El-Chaar, Boer, Pedrazzoli, Mazzola, & Maso, 2011,
Gallagher, Seymour, Jordan-Black, McGlade, & Satava, 2013; Greunke & Sadagic,
2016; Jou & Wang, 2013; Lam, Sundaraj, & Sulaiman, 2014; Miles, Musembi, Pop, &
John, 2013; Paiva, Machado, & Valenca, 2013; Park, Jang, & Chai, 2006; Rauter,
Sigrist, Koch, & Crivelli, 2013; Spruit, Band, Hamming, & Ridderinkhof, 2014). A
number of studies have focused on evaluating the effectiveness of Virtual Environment
for Training (VET ; Annetta, Minogue, Holmes, & Cheng, 2009; Dorn & Barker, 2005;
Gallagher & Cates, 2004; Wrzesien & Raya, 2010). Virtual reality is increasingly
considered as a technology offering some possibilities for learning (Kozak, Hancock,
Arthur, & Chrysler, 1993). For the past fifteen years, many applications have been
developed but few of them proposed a validation of its real effects on learning. The
effectiveness of virtual environments for training has already been studied (Annetta et
al., 2009; Chen et al., 2016; Dede, Salzman, Loftin, & Ash, 1997; Huegel, Celik, Israr,
& O’Malley, 2009; Loukas, Nikiteas, Kanakis, & Georgiou, 2011; Merchant, Goetz,
Cifuentes, Keeney-Kennicutt, & Davis, 2014; Wrzesien & Raya, 2010), but first, their
conception and/or assessment do not yet meet the rigorous criteria set by experimental
design in ergonomics or cognitive psychology, and second the observed effects are
not explicitly related to real cognitive process involved when learning. Thus,
methodological bias in some studies and/or their lack of reference to the existing

literature in ergonomics or cognitive psychology make it difficult to prove the
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effectiveness of VE (used for training Girard, Ecalle, & Magnan, 2013). The interest of
this technology lies in the assumption that what has been learned in a VE can be
transferred to real conditions. In this paper, we focus on the assessment of training on

VET: the confirmation of internal and external validity of a VE for training.

The constitutive dimensions of the validation of a VET for procedural learning can be
defined by an internal and an external validity. We propose the concept of validity
(internal and external) for the assessment of VET. A VET demonstrating a high level
of internal validity would be one that would maximize learning. In other words, learning
performance would reveal the internal validity of the VET. In the context of procedural
learning, internal validity of the VET can be validated through the analysis of learner
performance. The confirmation of the acquisition of a procedure can be done through
the interpretation of the learning curve formed by the performance of learners (e.g.
data relating to the completion time of the procedure, the number of errors, etc. ; Kho,
2011; Kim, Ritter, & Koubek, 2013; Thorndike & Woodworth, 1901). Complementarily,
VET demonstrating a high level of external validity would be one that would optimize
the transfer of knowledge. VET is considered as useful if the knowledge acquired
during the training phase is transferable to a real situation. According to Anastassova
et al. (2007), in the area of transfer, transfer quality evaluates the effectiveness of
learning (Loup-Escande, Burkhardt, & Richir, 2013). In other words, the transfer
performance would reveal the external validity of the VET. In sum, the validity of a VET
must be represented as a balance between internal validity (i.e. the assessment of

learning in controlled conditions) and external validity (i.e. the evaluation of transfer to
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a natural situation). Effective VET must show a high internal and external validity: it
must maximize learning and ensure its transfer.

We propose to measure the validity of a virtual environment created for learning a
complex procedure for running blood tests. By using blood tests as a complex
procedure we can evaluate the ability to perform these skills, acquired in a virtual
context to a real (external validity). The results of the previous studies dealing with
virtual reality, procedural learning, and transfer of learning from a virtual environment
to reality will be summarized. We then detail our study, which assess the internal
validity of a virtual environment by checking the acquisition of a procedure via a
learning curve and, studies its external validity by checking the execution of this
procedure in the real world. Our results provide a step towards an ergonomic approach
assessing first the validity (both internal and external) of a virtual environment, prior to

use it as a tool for training.

1.1. Virtual reality and procedural learning

It is not easy to define Virtual Reality as it deals with a lot of aspects (from technology
to content model) or research domains (from Cognitive science to Mechanics). Virtual
reality has been first defined by Fuchs (1996) in the 90’s from a technical point of view
as “a scientific and technical field using information technology and behavioural
interfaces in order to simulate in a virtual world the behaviours of 3D entities, interacting
in real time with each other and with one or more users in real time, through pseudo-
natural immersion via sensory motor channel” (cited by Arnaldi, Fuchs, & Tisseau,

2003, p. 8). If VR was then only used in some specifics domains, nowadays with the
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development of technologies (coming essentially from mobile phone industries), we
can envisage it use for large audiences (leisure, entertainment...). As this term is
ambiguous, lots of researchers prefer to use the term of Virtual Environment (Hale &

Stanney, 2015).

But, for us, the major point of Brooks definition of VR (Brooks, 1999) is that the user
lives an “experience” that can modify their internal state. This allows us to consider VR
as an interesting tool for learning. It has been used in training, because-it can help
simulate conditions close to reality (Arnaldi et al., 2003; Ganier, Hoareau, & Devillers,
2013; Kozak et al., 1993), but it alsoallows the learner to act in unusual, critical or
dangerous situations (Bliss, Tidwell, & Guest, 1997; Carpentier & Lourdeaux, 2013;
Grumbach & Klinger, 2007; Jorge et al., 2013). In some sectors, such as medicine or
aeronautics, the use of simulation is required to train as well as to assess skills

(Gallagher & Cates, 2004).

In this context of training, we focus specifically on procedural learning. A procedure
can be described as “a set of operations and/or actions in order to reach a set goal’
(Heurley, 1997, p. 127). Completing these different actions, in a set order, results in
the full completion of the task. One of the particularities of procedural learning is that it
requires practice (i.e. repetition of the set of actions to complete). When training starts,
learners do not know the set of actions to complete and/or they are performing them
for the first time. They must strongly rely on the instructions given to them to complete
the actions. Then, as training goes on, learners develop representations based on

declarative knowledge, which they transform into actions. This transformation requires
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a certain amount of time and has a substantial cognitive cost (Dixon, Harrison, &
Taylor, 1993; Ganier, 2004; Heurley & Ganier, 2006; Kieras & Bovair, 1986). When the
procedure has been repeated several times, the learner is then able to retrieve it
directly from his/her long-term memory; execution of the task has becomes automatic
(i.e. without instructions or errors, Anderson, 1982, 1998). These 3 stages correspond
to a learning curve characterized by low performance at the beginning of learning which
then increases over time, leading to a plateau. This plateau corresponds to the learner
stabilizing his/her performance after reaching optimal execution of the procedure.
Traditionally, in training conditions, learners gain declarative knowledge through the
use of material (slideshows, paper or digital documents) given by the trainers
(Cazeaux, Devillers, & Saint-Romas, 2005). However, procedural knowledge is very
different from declarative knowledge, which is based on repeating a set of actions
(Anderson, 1998). Thanks to the high level of interactivity and the range of motor
actions they offer to learners, virtual environments can enable procedural knowledge
acquisition, in particular through practice. The effectiveness of virtual reality for
procedural learning has already been shown (Boud, Baber, & Steiner, 2000;
Bruwaene, Schijven, & Miserez, 2014; Ganier et al., 2013), but these studies only
address relatively simple procedures made up of a short set of actions (i.e. completed
within less than 10 minutes). It would be useful to consider what happens with longer
procedures as the length of a procedure is a key factor. The use of a long procedure
would bring the experiment closer to ecological learning conditions.

We focus on a long procedure because procedures in occupational settings most often

require a long series of actions to complete.
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The interest of using virtual reality to study procedural knowledge acquisition is not
limited to the ability to memorize a procedure. It is also useful for assessing the
possibility of transferring knowledge gained in a virtual environment to a real situation

(Carlson, Peters, Gilbert, Vance, & Luse, 2015; Ganier et al., 2013; Rose et al., 2000).

1.2. Transfer from virtual to real

In general, learning transfer occurs when an individual performance when completing
a set task is influenced by his/her experience, former knowledge or previous
performance when completing a similar task (Perkins & Salomon, 1992). More than an
expansion of knowledge, procedural transfer entails complex cognitive processes
(Bossard, Kermarrec, Buche, & Tisseau, 2004; Haskell, 2000; Tardif, 1999).
Transferring skills can be considered as a set of complex processes for the learner to
perform since new knowledge, intrinsically connected to the learning context, is difficult
to access and apply to another context (Bracke, 1998; Bransford & Schwartz, 2001;
Lave, 1988; Presseau, 2000; Wenger & Lave, 1991). There seem to be two key
features in the concept of learning transfer: (1) the gap between the context of
acquisition and the context of knowledge retrieval, that is to say the similarity of both
contexts. It is assumed that the bigger the gap between the knowledge acquisition
context and the context of use, the more difficult the transfer will be (with a high
cognitive cost for the learner) (Bracke, 1998); and (2) previous performance of the
learner when completing the task, that is to say his/her degree of practical experience

of the task (Anderson, Reder, & Simon, 1996).
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The first significant factor of an effective transfer would depend on the quantity of
similar elements between the learning task and the new task to perform. The gap
between both situations can be expressed in terms of the number of similar elements.
Anderson (1982) used the theory of “common elements” described by Thorndike &
Woodworth (1901) to define the common elements theory (Singley & Anderson, 1987).
According to Anderson, procedural learning occurs when declarative knowledge,
stemming from the instructions provided to the learner, is translated into procedural
knowledge. Once this knowledge is translated into skills, they are then anchored to
production rules such as “IF [condition] THEN [action]” (“IF I'm in such a situation THEN
| will carry out this set of actions”). The triggering condition to these production rules is
that the context or the field of use must share common elements with the acquisition
context (Pennington, Nicolich, & Rahm, 1995). The learner must thus be able to identify
the isomorphic degree between both situations to call upon the adapted skills (Raynal
& Rieunier, 2012). It is however difficult to assess the degree of “similarity” needed to
enable transfer of learning. All the elements similar to both contexts do not have the
same significance (Butterfield & Nelson, 1989; Singley & Anderson, 1987). The
question of similarity between two contexts is also raised regarding transfer from virtual
to real. Virtual environment developers often focus on the visual rendition of the scene
in order to comply with virtual/real isomorphism. On top of staying true to reality, other
significant criteria must also be taken into account, such as localization of the different
elements with which the learner must interact and responsiveness of the virtual
environment (Dalgarno & Lee, 2010; Masciocchi, Dark, & Parkhurst, 2007; Witmer &

Singer, 1998). For example, Witmer & Singer (1998) showed that in the case of a
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driving simulator, appearance and handling of the virtual car should be similar to a real
car so that the skills acquired through the virtual environment could be transferred to a
real situation.

The second significant factor for effective transfer is the level of practice the learner
reached in performing the task to learn. According to Anderson (1982, 1998, 2013),
the repeated execution of the procedure, is critical to its automation and thus its
acquisition. The transfer of skills from learning context to the context of use is strongly
correlated to the time spent on training by the learner. In other words, the ease with
which the procedure is retrieved from memory will impact its transfer (Bransford &
Schwartz, 2001; Hasselbring & Sherwood, 1987; McKeown & Beck, 1983; Pennington
et al., 1995). The impossibility to transfer is attributed to an insufficient basic training
by several authors (Klahr & Nigam, 2004; Lee, 1998; Lee & Pennington, 1993;
Littlefield, Delclos, Bransford, Clayton, & Franks, 1989). To ensure that learners have
sufficient training in the context of procedural learning in a virtual environment, it is
possible to determine the number of attempts needed for the learner to master the
procedure (Ganier et al., 2013). The learners’ performance is thus most often used as
an indicator. If the characteristics of the learner’s former training (duration, number of
repetition of the procedure, etc.) is not taken into account, the conclusions on the
effectiveness of transfer from virtual to real can be biased (Bransford & Schwartz,
2001; Pennington et al., 1995).

Homogeneity in the works regarding transfer to a real situation remains difficult to find.
Indeed, even if the method used for assessing transfer is often similar, namely by

comparing performance of learners taught in a real environment, with others taught in
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a virtual environment and a control group, the results vary (Carlson et al., 2015; Ganier,
Hoareau, & Tisseau, 2014; Hoareau et al., 2013; Oren, Carlson, Gilbert, & Vance,
2012; Rose et al., 1998). Comparing performance of participants trained in a virtual
environment to that of participants of a control group (i.e. without training) can help
validate the hypothesis of transfer of skills acquired in virtual environment to real
conditions. Acquiring knowledge and putting it into practice in a real situation would be
proven by higher performance of participants taught in virtual environments when
performing the task in situation.

Comparing the performance of the two groups (virtual vs traditional training) would give
gualitative indications on learning and transfer from virtual to real. On top of the ability
to acquire skills in a virtual environment and being able to perform them in a real
situation, by comparing virtual with traditional training the differences (negative and/or
positive) of training in a virtual environment could be observed. For example, Kozak et
al., (1993) carried out a study which sought to compare the effectiveness of training in
a virtual environment in performing a perceptual-motor task. The authors compared
three groups of participants: one group trained in a real environment, one group trained
in a virtual environment and a control group with no training. Participants had to grasp
cans of different colours and place them on corresponding targets. During transfer to
real situation, the participants who were trained in a real environment performed better
than those who were trained in a virtual one. The authors concluded that for this type
of task, learning was specific to the training context. However, Rose et al., (1998),
using the same method of evaluation (comparing three groups with different training),

as well as a perceptual-motor task in which a ring had to be moved along a bending

10
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electric wire, showed no difference between both types of training (real and virtual) in
terms of performance during transfer. The training modalities (real or virtual) had no
impact on the execution of the procedure after training. These two studies illustrate the
difficulty of rigorously comparing different works regarding transfer from virtual to real,
in the case of training for a simple perceptual-motor task which calls for sensorimotor
abilities rather than acquiring knowledge. Moskaliuk, Bertram, et Cress (2013)
underlined the lack of studies concerning the effectiveness of virtual environments for
complex tasks. Their study focused on the assessment of a virtual environment
developed for complex problem resolution and decision-making tasks involving
communication and teamwork for police officers. The results showed that, even though
all participants were equivalent regarding knowledge acquisition, the benefits of
training through a virtual environment were made clear during transfer. T, participants
taught in a virtual environment solved problems more quickly than those taught
traditionally. However, the authors stressed that comparing both types of training was
difficult as the participants who had been trained with the virtual environment had
access to declarative knowledge, provided by the virtual environment, and had been
trained on a higher number of scenarios than those who had trained traditionally. In
learning a complex procedure, a virtual environment for learning must enable
acquisition of knowledge related to this procedure and its transfer to a real situation.
During transfer, equivalent performance of learners taught traditionally in a real context
and those taught in a virtual environment would be a clear indicator of the effectiveness
of virtual environments for learning complex procedure (Anastassova et al., 2007). This

is the general objective of our study.
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1.3. Objective, materials and scope

The objective of this study is to assess the effectiveness of a virtual environment in
procedural learning. The effectiveness will be assessed through procedural learning
(experiment 1, section 2) and then its transfer to a real situation (experiment 2, section
3). Thus, after checking that learning a procedure through a virtual environment was
possible (internal validity), two types of training were compared (traditional training and
training in a virtual environment) to a control situation (external validity).

Both experiments have been conducted in the context of the usage of an automata
(STAR) for blood analysis. The procedure used for the experiment (about 125 actions
for 13 minutes’ duration) has been defined in collaboration with teachers involved in
the real educational program. This mean that learning objectives and task analysis
have been already done by those teachers. The learners involved in this program are
aged 20 to 24 years.

As virtual reality may involve lots of technologies (CAVE, HMD, etc.) or behaviors
(moving, grasping, etc.) we will first use a "Desktop VR” (3D environment, classical
screen and mouse interaction) environment in order to isolate all those VR aspects,
control the experiments variables and focus on cognitive process involved in learning.

Impact of level of presence (immersion/interaction) will be addressed in future works.

2. Experiment 1: Learning a procedure through a virtual environment
The basic idea for this experiment stems from a previous study (Ganier et al., 2013)
which showed that a virtual environment could be an effective tool in learning a

procedure. The authors used a maintenance procedure for the military Leclerc tank,

12
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made up of 25 actions to perform, using written instructions. The results illustrated that
after 10 consecutive repetitions of this relatively short procedure, participants were
able to reproduce it again a few days later, without referring to the instructions or
making errors. The objective of the experiment presented here is to go further by
assessing the internal validity of a virtual environment for learning a longer procedure
(made up of 125 actions to perform) with audio instructions used as a guide. Learning
tasks and recall tasks become more complex because of the length of the procedure.
Using a dual-channel presentation: (1) auditory for the instructions, and (2) visual for
the action should help reduce the split-attention effect inherent to processing complex
document (Rouet, 2005). Mayer’s theory of multimedia learning (2009) is based on the
use of two channels. To optimize learning, the author recommends both a visual (static
and/or animated images) and auditory presentation of information rather than printed
text alone. This modality effect (Mousavi, Low and Sweller, 1995) has been the focus
of much research showing that an audio guide is preferable to a visual guide when the
environment where the tasks takes place already is a source of visual information (see
Ginns, 2005). Knowledge acquisition through a virtual environment is more often
assessed after training, without checking if knowledge is maintained over time (Chittaro
& Buttussi, 2015). As in the first study by Ganier et al., (2013), this experiment
comprises a first stage for learning the procedure and a second stage, after a few days,
for recalling the procedure. The hypothesis being that the effectiveness of the virtual
environment should become apparent with better performance of the learners

illustrated by a learning curve evolving with the number of attempts.

13
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2.1. Method

2.1.1. Population

Twelve student volunteers (11 men and 1 woman), with an average age of 20 (range:
19-23), participated in this study. They were all 4" year students in Brest National
Engineering School (Ecole Nationale d'Ingénieurs de Brest) and had no previous

experience of the STA-R Virtuel (the virtual environment used on this study).

2.1.2. Material

We used the virtual environment for training, STA-R Virtuel (Le Corre, Fauvel,
Hoareau, Querrec, & Buche, 2012) which is a virtual simulation of a medical laboratory

(Figure 1).

INSERT FIGURE 1: Virtual Environment for training STA-R Virtuel (on the left:

laboratory; on the right: touch-screen interface)

This model includes two main scenes: a lab bench on which all the chemical reagents
and lab equipment (reagent bottles, pipettes, etc.) are laid out as well as a

STA-R® coagulometer. A coagulometer is a device used for a number of diagnoses in
haematology. It performs chronometric and immunologic tests in a limited time. The
coagulometer is connected to a computer giving access to the device via a touch-

screen tablet (Figure 2).

14
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INSERT Figure 1 : STA-R® coagulometer

For this experiment, the virtual environment was presented on a laptop computer. The
participant could move around from a fixed viewpoint to another in the virtual
environment by using shortcuts. He/she could also interact with objects using the
mouse. Audio guides could be accessed as necessary via a media player icon at the
bottom left corner of the screen. The instructions for each action to be completed could
be played as many times as needed. A touch-screen tablet reproducing the software
used to operate the coagulometer complemented this virtual environment. A network

connected both programs (i.e. the virtual environment and the software).

2.1.3. Research protocol

There were two sessions during this study. During the first session, participants were
given a demonstration on how to manipulate the interface based on a different
procedure than to acquire, created solely for that purpose. This procedure included all
the basic interactions possible with the virtual environment. They could then ask the
experimenter with any questions about the demonstration. Once the demonstration
was over, participants could then take place in front of their work station made up of
the laptop computer and the touch-screen tablet. Four participants performed the
experiment simultaneously in the same room but communication was not allowed. The
experiment consisted in performing seven consecutive attempts of the procedure for
running blood tests composed of 125 actions. The procedure had been chosen in

consultation with the team of specialized instructors from STAGO company and had
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been tested during a preliminary study. The number of attempts had been chosen on
the basis of results from Ganier et al. (2013) which had showed that a simple and
shorter procedure could be learnt in five or six attempts. This first session lasted about
90 minutes. After a week, participants had to take part in the second session of the
experiment, during which they had to carry out three consecutive attempts of the same
procedure. The same material and procedure were used in the second session. The
same behavioural measures were collected. The aim was to ensure that the procedure
completed the week before was memorized. This could testify to the internal validity of

the virtual environment.

2.1.4. Collected data

Behavioural measures were used to assess procedure learning. For each attempt,
objective performance data included the total time spent to complete the procedure,
the number of referrals to the instructions and the number of incorrect actions. These
measures were recorded in real time by the virtual environment under “log” files.

For ease of result processing, temporary data were converted in minutes and

hundredths of minutes.

2.2. Results
Due to a transcription problem, the files corresponding to the number of incorrect
actions could not be used. We will present here the results for the total time spent to

complete the procedure and the number of referrals to the instructions.
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2.2.1. Total time spent to complete the procedure

The time spent by participants to complete the procedure in full (Figure 3) significantly
decreased with the number of attempts: F (9.99) = 98.40; p <.001. Regarding the first
session (attempts 1 through 7), the time spent to complete the action decreased all
along the seven attempts. Analytical pairwise comparisons show significant differences
from attempt 1 to attempt 5, then a non-significant difference for the remaining
attempts. This difference is particularly high between the first (22.48 min) and the
second (10.60 min) attempt: F (1; 11) = 10.96; p <.001. It is lower between the next
attempts (attempt 2 vs attempt 3: F (1; 11) = 7.16; p <.001; attempt 3 vs attempt 4: F
(1; 11) = 2.82; p <.03; attempt 4 vs attempt 5: F (1; 11) = 5.47; p <.001). These results
indicate an improvement in performance up until the 5th attempt (7 min), than a stable
performance in attempts 6 (6.81 min) and 7 (6.55 min). Regarding the second session
(attempts 8 through 10), analytical pairwise comparisons show significant differences
between attempts 8 and 9: F (1; 11) = 3.85; p <.01, and attempts 9 and 10: F (1; 11) =
6.25; p <.001. If the learners’ performance from the first and second session are
compared, analytical pairwise comparisons show a significant difference between the
time spent to complete the procedure between attempts 7 and 8: F (1; 11) = 4, 46;
p<.001; but none during the last attempt of the first session (attempt 7) and the time
spent during the last attempt of the second session (attempt 10): F (1; 11) = 2.44; p

<.05.

INSERT FIGURE 3: Total time spent to complete the procedure (min)
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2.2.2. Number of referrals to the audio instructions

The number of referrals to the audio instructions (Figure 4) significantly decreased with
the number of attempts: F (9.99) = 121.53; p <.001. Analytical pairwise comparisons
show a pattern of identical results to the time spent to complete the procedure. Indeed,
regarding the first session (attempt 1 through 7), the number of referrals to the
instructions decreased all along the seven attempts, from 87 referrals on average for
the 15t attempt to one on the 7. Analytical pairwise comparisons show significant
differences from attempt 1 to 5 (attempt 1 vs attempt 2: F (1; 11) = 8.94; p <.001;
attempt 2 vs attempt 3: F (1; 11) = 6.93; p <.001; attempt 3 vs attempt 4: F (1; 11) =
5.11; p <.001; attempt 4 vs attempt 5: F (1; 11) = 3.01; p <.03).

Regarding the second session (attempts 8 through 10), analytical pairwise
comparisons show a significant difference between attempt 8 and 9: F (1; 11) = 5.22;
p <.001.

Participants referred to some instructions during attempt 8. If the number of referrals
to the instructions at the end of the first session is compared with the beginning of the
second, analytical pairwise comparisons show a significant difference between attempt
7 and 8: F (1; 11) = 4.46; p <.001; but no difference between attempt 7 and 10: F < 1.
After a week, participants were able to retrieve the procedure from their long-term

memory, even if for some individuals it was necessary to refer to some instructions.

INSERT FIGURE 4 : Number of referrals to the instructions

2.3. Discussion
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The objective of this experiment was to assess the internal validity of a virtual
environment for learning a procedure. The results of this experiment indicate that
learning through this virtual environment is feasible. This is illustrated by the learning
curves based on the collected objective performance data. The total time spent to
complete the procedure and the number of referrals to the instructions decrease with
the number of attempts. During the first session, we can observe some stabilization of
the time spent by participants to complete the task during the last attempts (attempts
6 and 7). The participants’ performance during the second session show high economy
regarding relearning in terms of reduction of task time. After training in a virtual
environment, when participants carry out the procedure, they take 2.5 less time than
when they completed the procedure the first time. It would be interesting to bring to
light the underlying factors of differences in performance with the number of attempts,
but also to identify the factors responsible for the cognitive overload during the first
attempt. Nevertheless, it would seem that for this procedure, seven attempts were not
sufficient for knowledge of the procedure to be sustainably stored in the long-term
memory. The need to refer to the instructions after the first attempt of the second
session (attempt 8, after a week) observed in some participants could be the
consequence of an insufficient number of attempts. The assessment of the internal
validity of this virtual environment shows that it is possible to learn a long procedure of
125 actions, with auditory instructions, through the help of this virtual training
environment. A higher number of attempts would be preferable in order to strengthen
learning. This note was taken into consideration in building the research protocol for

the second experiment of this study. Its aim was to complete the assessment of the
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virtual environment by studying its external validity. Assessing the external validity of
the virtual environment is done by verifying if the acquired skills in the virtual

environment can be transferred to a real situation.

3. Experiment 2: Transfer of a procedure learnt in a virtual environment to a real
situation

Beyond the possibility to teach a complex procedure, the external validity of a virtual
environment can be tested through the question of transferring knowledge to a real
situation (Anastassova et al., 2007). The objective of this study was to assess the
external validity of the virtual environment for training to run blood tests, by evaluating
the participants’ performance while reproducing the procedure on actual material. To
this aim, the chosen research protocol followed a paradigm for comparing two
experimental situations (traditional training and virtual environment training) to a

control situation.

3.1. Method

3.1.1. Population

This study was conducted in a French school (Lycée Paul Eluard in Paris). Fifty-four
students (45 women and 9 men) with an average age of 20 (range: 17-22) participated
in the study. They were in their 1st and 2nd year of training for Medical Biology
Analyses (« BTS Analyses en Biologies Médicales »). They were divided into three
groups, equivalent in number and education: traditional training, virtual environment

training and control group.
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3.1.2. Material

The same virtual environment (STA-R Virtuel) was used as in the first experiment.

It was made up of a laptop computer with a model of a medical laboratory (lab bench
+ coagulometer) and a touch-screen tablet with a model of the software used to
operate the coagulometer.

In order to compare virtual training to a real situation, this study used actual apparatus
equivalent to the models: a laboratory equipped with two lab benches on which the lab
equipment (reagent bottles, pipettes, etc.) was laid out as well as a two coagulometers
with a touch-screen interface (Figure 5)

Actual material was also used for reproducing the procedure further on in the training.

INSERT FIGURE 5: Schematization of the real laboratory with lab bench and

coagulometer

The lab was partitioned into two separate spaces with a screen. Each space included
a lab bench, a coagulometer and an area dedicated to consulting the technical
document with all the actions to perform to successfully complete the procedure
(Figure 6). No communication was allowed between participants who could not see

each other because of the separation screen.

INSERT FIGURE 6: Transfer of the procedure on a real environment by two students
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3.1.3. Research procedure

The aim for all participants was to run blood tests in the real laboratory. This procedure
was the same as the one with 125 actions used in the first experiment. There were two
test groups (“traditional training” and “virtual environment training”) and a control group

(Figure 7).

INSERT FIGURE 7: Experimental protocol of the experiment

For participants in the “traditional training” group, the training day was divided as
follows: training in the morning and transfer of the procedure in the afternoon.
Theoretical training covered haemostasis and the main steps of the procedure for
running blood tests. This training, a projected slideshow with commentaries, was given
by an instructor from STAGO company in a classroom. Later, in the workshop, the
instructor presented the material to be manipulated (“This is a pipette”, etc.). At this
stage of training, participants had not yet manipulated the actual material. The morning
training session ended with a practical training during which the instructor performed
the procedure in full, using the material on the lab bench and the coagulometer.
Participants then went through the procedure in groups of three, under the supervision
of an instructor (ready to intervene in case of important mistake).

In the afternoon, participants had to perform the procedure in full, individually, under
supervision of a STAGO technician, in the real laboratory. They could use the technical

document at their disposal at any time if they needed help to perform the procedure.
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The document was laid at the end of the lab bench. Participants were told to stop all
manipulation when consulting the document.

For participants in the “virtual environment training” group, the morning session was
identical to the one for the “traditional training” group regarding theoretical training in
the classroom and presentation of the material. Training in the virtual environment
replaced practical training on the actual material, during which participants performed
the procedure at least 8 times on the laptop computer and connected touch-screen
tablet. This minimum number of attempts was determined by the results obtained
during the first experiment. Participants had a personal workstation and went through
the training in groups of nine in a classroom. No communication was allowed. Transfer
on the actual apparatus in the afternoon took place in the same conditions as for
participants in the “traditional training” group.

Participants in the control group had the same theoretical training and presentation of
the material as the other two groups. Their morning training session did not include
practical training. They performed the procedure on the actual apparatus in the same
conditions as the two other test groups.

For each group, the theoretical training, the presentation of the material and the

practical training times were strictly identical.

3.1.4. Collected data

Data were collected with a video recording of the completion of the procedure on the
actual apparatus by the participants. Objective performance data included the

successful completion of the task in the time allotted (45 minutes), the total time spent
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to complete the procedure, the time and number of referrals to the technical document,
the number of times the technician provided help to the participants (upon request or
spontaneously). The technician was free to interrupt the participant at any time to
inform him/her of an incorrect action if it could lead to damaging the coagulometer. The
technician worked blind, as he/she was not aware which group the participant
belonged to. Time counts were collected from the video recordings. For ease of
statistical analysis, the chronometric data were converted in minutes and hundredths

of minutes.

3.2. Results
The results regarding the successful completion of the procedure in the allotted time,
then those regarding the objective performance data in the three groups are presented

here.

3.2.1. Successful completion of the procedure

A time limit of 45 minutes was set to complete the procedure on the actual apparatus.
This time had been determined by multiplying by three the time needed by an expert
to complete the procedure at normal speed. 100% of the participants of both the
“traditional training” and “virtual environment training” groups were able to complete
the procedure in the allotted time. 72% of the participants in the control group
successfully completed the procedure in 45 minutes. The remaining analyses were
made on all participants, regardless of success or failure to complete the task in the

allotted time. This data only relates to the actions taking place during the default time
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of 45 minutes. Beyond this time limit, the participants’ actions were not taken into

account.

3.2.2. Total time spent to complete the procedure and time spent consulting the

technical document

Time spent to complete the procedure varied according to the training conditions
(Figure 8): F (2.51) = 46.60; p <.001. The analytical pairwise comparisons indicate that
participants trained in the virtual environment (m = 30.03 min; o = 8.18) took less time
to complete the procedure than participants in the control group (m = 39.09 min; o =
5.44): F (1; 34) = 3.98; p <.05. But they took more time than the participants trained
traditionally (m = 19.48 min; o = 2.35): F (1; 34) = 24.71; p <.001. The participants with
traditional training also took less time than participants in the control group: F = (1; 34)
=8.61; p <.01.

Time spent consulting the technical document during the completion of the procedure
varied according to the training conditions: F (2.51) = 210.92; p <.001. The analytical
pairwise comparisons show that the difference between “traditional training” (m = 0.15
min; o = 0.32) and “virtual environment training” (m = 0.42 min; o = 0.82) groups is not
significant: F (1; 34) = 3.17; ns. Participants in the control group (m = 8.55 min; ¢ =
2.25) spent a longer time referring to the technical document than participants with
“traditional training” F (1; 34) = 16.13; p <.001; and participants with “virtual

environment training”™: F (1; 34) = 8.99; p <.01.
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INSERT FIGURE 8 : Total time spent to complete the procedure (min) with time of

completion and time spent reading the technical document

3.2.3. Number of referrals to the technical document

The number of referrals to the technical document varied according to the experimental
conditions (Figure 9): F (2.51) = 232.93; p <.001. As for the time spent consulting the
technical document, analytical pairwise comparisons indicate that the number of
referrals to the technical document is significantly less elevated for the “traditional
training” (m = 0.7; 0 = 1.49): F (1; 34) = 21.43; p <.001; and the “virtual environment
training” (m = 1.89; 0 = 4.68): F (1; 34) = 11.98; p <.001; groups than for the control
group (m =48.72 ; 0 = 12.24). There is no significant difference between both groups

with training: F (1; 34) = 1.95; ns.

INSERT FIGURE 9: Number of referrals to the technical document

3.2.4. Number of times the technician provided help upon request

The number of times the technician provided help upon request varied according to
the training conditions: F (2.51) = 36.48; p <.001. Analytical pairwise comparisons
show that participants trained in the virtual environment (m = 0.7; o = 0.7) requested
the help of the technician more frequently than those with traditional training (m = 0.2;
o =0.4): F (1; 34) = 7.07; p <.03. But less so than the participants from the control

group (m=3.1; 0 =1.7): F (1; 34) = 10.45; p <.01.
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3.2.5. Number of times the technician provided help spontaneously

The number of times the technician provided help spontaneously varied according to
the training conditions: F (2; 51) = 5.47; p <.01. The technician intervened more
frequently with the control group (m = 3.9; o = 2.8) than with the “traditional training”
(m =1.4; o = 1.8) and “virtual environment training” (m = 2.3; o = 2.2) groups with no
significant difference. Similarly, there is no significant difference between the two
groups with training. If both groups with training are considered together, analytical
pairwise comparisons indicate that the technician intervened more frequently with the

control group than with the other two groups: F (1; 51) = 1.26; p <.01.

3.3. Discussion

This experiment was designed to assess the external validity of a virtual environment
for learning a procedure. The results indicate that a transfer does occur; as for the
participants who were trained traditionally, all the participants who were trained with
the virtual environment successfully completed the procedure in the allotted time.
However, transfer does not take place in the same conditions according to the type of
training. If both groups with training are compared, the only significant difference is
found in the total time taken to complete the procedure. Indeed, the participants in the
“virtual environment training” group took 35% additional time to complete the
procedure than those in the “traditional training” group. This difference could be
explained by the design choice of the virtual environment (for example, a lack of
similarity between the virtual and real software used to operate the machine) but also

by the difficulty to appreciate the actual time needed for the coagulometer to perform
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the tests. In real conditions, after the blood tests begin, the coagulometer comes to life
(pistons movement, noise, etc.) for a period of time depending on the tests required
and when it stops, the rest of the procedure can then be completed.

Participants trained with the virtual environment had a difficult time evaluating when
the coagulometer was done with the tests. These design defaults can be identified by

conducting an ergonomic analysis of the interface.

4. General discussion

The objective of this study was to test a virtual environment built for learning a
procedure for running blood tests on a coagulometer. This was achieved through two
experiments. The first one was designed to assess the internal validity of the virtual
environment by checking the effectiveness of procedural learning through training in
the virtual environment. In order to assess the external validity of the virtual
environment, the second experiment addressed the question of transfer of the acquired
skills from a virtual environment to real conditions. The results of the first experiment
show that it is possible to learn a procedure with a virtual environment. However, after
a week, participants must refer to some instructions again in order to complete the
procedure in full. In addition, their performance further increases during this second
session. This means that the virtual environment as designed makes learning possible
but not optimal. Factors to facilitate learning from the first attempt must now be

identified. Making the first attempt easier would have an impact on learning as a whole.
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The results of the second experiment indicate that the participants trained in the virtual
environment perform the procedure better than the participants in the control group.
However, even if they did not succeed in training as well as the participants with
traditional training, their performance was not completely unsuccessful. This could be
explained by the fact that for participant trained in the virtual environment didn’t
manipulates the real object. The use of mixed reality (VR and AR) can then be
envisage. This difference could be also the consequence of an insufficient or not fully
conclusive learning in the virtual environment. Facilitating the information processes
involved in training in the virtual environment, and more precisely the first stage of
learning (here the first attempt), should have an impact on the ability to transfer learning

to a real situation.

The virtual environment used in both experiments is similar to a large number of virtual
environments used in training in terms of interaction (keyboard & mouse) or design of
the training scenario. It allows to performe a set of actions (short or long) on the same
hierarchy level, i.e., undistinguishing titles, subtitles and low level instructions by
typography or layout marks (Bliss et al., 1997; Ganier et al., 2014; Hapeshi & Jones,
1992; Legendre, Sahmoune Rachedi, Descamps, & Fernandez, 2014; Moskaliuk et
al., 2013). This study aimed to assess the internal and external validity of a virtual
environment for learning a procedure. The results provide trends for both. However,
learning and transfer performance can still be improved. The objective now lies in
bringing modifications to the existing environment and to test their impact on procedure

learning, and transfer to real conditions. Envisioned improvements may take several
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directions, for example, regarding cognitive processes employed when learning.
Participants experience the most difficulties during the first attempt. The cognitive cost
of this first attempt could be reduced by adding one or several forms of guidance for
the learner, or by modifying the content in the instructions. The exploration of the
cognitive process could be enriched by collecting self-reported data to evaluate the
difficulties encountered by the learners. Improvements could also focus on the user by
guestioning the forms of presence (immersion/interaction) with the environment to
compare immersive display (i.e. headset or CAVE) versus non-immersive display (i.e.
desktop VR) for example or by taking into account interindividual differences. The
sequence of learning could be personalized according to the learners’ abilities and their
progression during training, for example by selecting information and help available all
along the training. Implementing these improvements could be assessed by
reproducing the two experiments presented here in order to compare the “improved”

virtual environment with the first draft used in this study, in a test-retest paradigm.

Conflict of interest: none.
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