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Although driving simulators could be commonly assumed as very useful technological resources for both novel and
experienced drivers’ instruction under risk control settings, the evidence addressing their actual effectiveness
seems substantially limited. Therefore, researchers aimed to analyze the existing original literature on driving
simulators as a tool for driver training/instruction, considering study features, their quality, and the established
degree of effectiveness of simulators for these purposes. Among a considerably reduced set of original research
studies assessing the effectiveness of driving simulators for training purposes, most sources assessing the issue
provided reasonably good insights into their value for improving human-based road safety under risk control
settings. On the other hand, there are common limitations which stand out, such as the use of very limited research
samples, infrequent follow-up of the training outcomes, and reduced information about the limitations targeted
during the simulator-based training processes. Despite the key shortcomings highlighted here, studies have
commonly provided empirical support on the training value of simulators, as well as endorsed the need for further

evaluations of their effectiveness.

driving simulators drivers technology risk training road safety

| 1. Simulators in Context

Since their appearance in the 1940s, simulators have been gaining ground and consolidating themselves as
“efficient” and risk-respectful tools for driver training under controlled risk conditions. In the beginning, given the
large outlay involved, only the Administrations were able to commission the development of simulators, and the

United States Army was one of the first sponsors.

In the 1960s and 1970s, with the advent of the first digital computers and computer graphics, the U.S. Army
commissioned the development of the first “full mission” simulator in history [l It was an aircraft flight simulator for
training pilots that reproduced both the cockpit and a virtual scenario in which the aircraft flew. It was qualified as

“full mission” because it allowed pilots to be trained from takeoff to landing.

With the passing of the years and the great advances in the technological field (microprocessors, screens,
projection, controllers, etc.), costs grew lower and, in addition to the Administrations, large companies began to
develop their own simulators. This encouraged the appearance of simulators for all types of vehicles: flight [, ship
B submarine W& car B, truck (2 etc. As an example of this expansion, in the 1970s, there had already been

28 driving simulators developed worldwide 19,
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Initially, simulators were used only for training in areas or situations that were either too dangerous for users to
practice in real life or were much more expensive to reproduce in real life than the investment needed to develop a
simulator. Today, this concept has expanded, with entertainment being one of the main niches in the field of

simulation. On the other hand, there are also simulators intended exclusively for scientific use.

| 2. Simulator Classification

Currently, there are so many companies dedicated to the design, development, and manufacture of driving

simulators that there are very different criteria used to classify them 1. Some of these criteria are:

According to their purpose 12 simulators can be classified into three groups: (i) training, when educational
objectives are pursued or related to the prevention of risks and traffic accidents. These, in turn, can be divided into
professional and amateur simulators. Among other uses, simulators are usually—albeit not only—applied for (ii)
research (when the purpose of the simulator is to investigate a certain area of knowledge), and even (iii)

entertainment (when the purpose of the simulator is to amuse and entertain).

Based on their physical characteristics, simulators are usually classified on the basis of their visualization system
(e.g., field of view, projection system) [131: pixel size resolution (i.e., better or worse feeling of user involvement and
immersive experience) 131: cockpit (having/not having a sensorized driving cab, which allows for driving as if in a
real vehicle) @4: sound system (e.g., two-way sound (stereo), surround systems, or “8.1” systems) [2!: force-
feedback (small motors providing users with feedback) 8; and motion platform (allowing the user to reproduce the

accelerations that would be felt in the simulator) 2],

In addition, according to their software-related characteristics, the most common simulator uses are procedural
simulation (used for formative/training purposes) [2&: full-mission (used for professional driving training) 12: games

(generally intended for entertainment) [22: and configurable settings (situations can be live-edited) (28],

| 3. Simulators for Driving Training

A research covered the specific case of simulators intended to train divers, which has an extensive background
principally grounded on the concept of edutainment. It can be understood as “the combination of education and
entertainment in a learning process” [21221. Byckingham and Scanlon 23 previously stated that “edutainment is
based on attracting and maintaining the attention of learners by using screens or animations to make learning fun”;
in other words, it is based on the use of simulators. In fact, it has been shown [24l231[26] that, thanks to the use of
these new technologies, which often include various stimuli such as images, sounds, and videos, students are
more likely to pay attention to the content and end up transferring it from short-term to long-term memory, thus
becoming more entrenched in their knowledge. This is especially relevant in in-vehicle driving simulators, since, on
the one hand, general skills are taught, and on the other hand, participants are trained in situations that rarely

occur in real life are, but for which one must be prepared.
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Driving simulators are so widely used today that in some countries, individuals are even required to pass certain
tests on simulators in order to obtain a driver’s license [22[28 These countries include the United Kingdom, the
Netherlands, Singapore, and Finland 2429301 One of the great advantages of using simulators is that they are
able to measure, in an analytical way, everything that is happening with the simulated vehicle and whether the user
is reacting correctly or not to the situations that arise. Another great advantage of simulators is that they allow the
same situation to be recreated reliably over and over again (replicability), which makes it possible, on the one
hand, to train complex situations without putting any user at risk, and, on the other hand, to make requirements for
passing a test more objective, since all users can face exactly the same situation. In other countries, such as Saudi
Arabia, where women were recently allowed to apply for driving licenses, a large number of requests for new driver
training were received in a short period of time, and had it not been for the use of simulators, it probably would not
have been possible to meet the high demand 311,

4. Theories of Performance and Implications for Simulation-
Based Training (SBT) Measurement

Salas et al., 2009 22, provided a review of the state of the science on simulation-based training (SBT) performance
measurement systems. It states that training using traditional methods, such as lectures or conferences, is
insufficient to meet the demands of many modern work environments or organizations. That is why they are
resorting to the use of simulators to transfer this knowledge, which is usually very practical and oriented to

situations that participants will encounter in the real world.

The effectiveness of all the aforementioned types of simulator requires a set of generic/standardized actions, such
as a guided training plan and a continuous measurement of staff performance, so that their aptitude can be
evaluated and the training can be fed back by these measurements. If a performance measurement is not correctly
adjusted for individual or teamwork use, it will certainly lead to a waste of time and money for both the trainee and
the company providing the training.

There is currently a wide variety of theories on how performance should be measured and its implications in SBT-

based systems, for both individual and collective learning (teamwork).

For the measurement of individual performance, the work of Campbell et al. 23 stands out; they state that
performance depends on three variables: declarative knowledge, i.e., the facts and knowledge necessary to
complete a task (understanding the task requirements); procedural knowledge and skills, i.e., the combination of
knowing what to do and how to do it correctly; and, finally, motivation, i.e., the combination of the expenditure,

level, and persistence of effort required for learning.

Regarding the measurement of team performance, there is a wide discussion 3433 on the definitions of
performance and its effectiveness. This has resulted in the formation of different frameworks depending on the
specific learning context. Training a flight crew is not the same as training a marketing or human resources team.

Among the different existing theoretical frameworks for measuring team performance in SBT are input—process—
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output (IPO) [B8IB7I[38] shared mental models BAXIAL 5daptability 421431 the “big five” of teamwork [23144]45][46]47]

and macrocognition/team cognition 48],

These theories require certain methods for their application in measuring SBT performance and feedback. Salas
classifies these methods according to whether they are qualitative or quantitative. Those of the former type are
used to define the simulation system to be developed and the measurements to be made. These include protocol
analysis 49, the critical incident technique B, and conceptual maps B, The latter type consists of those which,
based on the former, quantify the developed processes and provide feedback to the system to correct what is
necessary. These include behaviorally anchored rating scales, or BARS [52l: behavioral observation scales, or BOS
B3l: communication analyses 24: event-based measurement, or EBAT [32l: structural behavioral assessment [22I:

self-report measures; and, finally, automated performance recording and measurement 55,

Simulation is a field that is increasingly incorporated into our daily lives. In recent years, research has emerged
with new methods to measure simulation-based learning. Papakostas et al. B8 proposed a novel and well-
established model to measure the user experience and usability of a simulation-based training application. This
method combines the perceived usefulness, the perceived ease of use, the behavioral intention to use the system,
and two more external variables to conclude the user acceptance of the simulation system. Some years before, the
same authors proposed a similar method based on the evaluation of external variables considered to be “strong
predictors” 71,

As can be seen, the variability of measurement types for performance in simulation-based coaches is enormous.
Therefore, this methodological entry does not focused on any of them, but rather presents the different studies
published to date, exposing the results obtained and the methods used for each of them. INTRAS (Institute of
Traffic and Road Safety) and IRTIC (Institute of Robotics and Information and Communication Technologies) of the
University of Valencia have been working together for many years in the area of driving simulation. They have
developed dozens of simulators and campaigns aimed at both professional and novice drivers, always attempting
to objectify the results each simulator transmits to its users B8 Similarly, the scientific community has spent
many years studying the impact of each type of simulator on each type of training, and this has been the source of
a large number of publications, some of them contradicting the results of others and questioning the effectiveness
of certain simulators (4],

Therefore, it is considered necessary to systematically review what has been published to date regarding the

effectiveness of simulation systems for driver training. The following sections cover this need.
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