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The Effectiveness of a Digital Game-Based 
Intervention on Hazard Perception and Visual Skills 
in Novice Drivers: A Single Blind, Randomized 
Controlled Trial

Berkan Torpila  and Mehmet Kaan İldizb 
aOccupational Therapy Department, Faculty of Gülhane Health Sciences, University of Health Sciences 
Turkey, Ankara, Turkey; bOccupational Therapy Department, Faculty of Health Sciences, Atlas 
University, İstanbul, Turkey

ABSTRACT
Novice drivers show poorer performance than experienced 
drivers in terms of visual skills and hazard perception. This 
study aimed at evaluating the effectiveness of a digital game-
based intervention on hazard perception and visual skills in 
novice drivers. Forty-six novice drivers (6 men, 40 women) were 
randomized to the intervention group (n = 23; 20.79 ± 0.81 years) 
or control (n = 23; 20.65 ± 0.93 years) group. The intervention 
group received a game-based intervention in addition to a 
hazard perception training, whereas the control group received 
only the hazard perception training. Hazard perception and 
visual skills were assessed in both groups before and after the 
14-day interventions. Between-group comparisons revealed 
significantly greater improvements in visual short time memory, 
visual closure, visual discrimination, figure-ground and total 
scores in the game-based group than in the control group 
(p < 0.05 for all). Our results showed that 14 days of game-based 
intervention enhanced hazard perception and visual skills in 
novice drivers. Using game-based interventions in driving reha-
bilitation is recommended to improve hazard perception and 
visual skills of novice drivers.

Introduction

Road traffic crashes lead to the annual global death rate of 1.35 million 
people (World Health Organization, 2018). Younger road users are over-
represented in crash statistics and traffic crashes are the leading cause 
of death for 5–29 years old (World Health Organization, 2018). For 
younger drivers, the risk of injury or death rapidly decreases in the 
months following a license, suggesting that both age and experience are 
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contributing factors to crash risk (Mayhew et  al., 2003). Adolescents 
demonstrate cognitive changes associated with brain maturation as they 
develop into adulthood, while also transitioning from a novice to a more 
experienced driver by practicing on the road (Foy et  al., 2016; Moran 
et  al., 2019). Research have argued that one of the main reasons for the 
young drivers’ high crash rate is that the hazard perception and visual 
skills are not as developed as experienced drivers (Gharib et  al., 2020; 
Moran et  al., 2019).

Hazard perception in driving refers to a driver’s ability to anticipate 
potentially dangerous situations on the road (Gharib et  al., 2020; 
Moran et  al., 2019). Visual skills include many skills such as fig-
ure-ground perception, color discrimination, visual proximity, visual 
discrimination, visual attention, depth perception, visual-spatial per-
ception (Hammill & Colarusso, 2005).The young driver must be able 
to recognize the hazards quickly, control the vehicle on the road while 
watching other vehicles, check the mirrors frequently, and focus on 
other objects such as pedestrians in order to avoid a crash (Brown 
& Groeger, 1988). Many studies have shown that visual skills and 
hazard perception in driver-oriented skills components can be asso-
ciated with traffic crashes (Gharib et  al., 2020; Horswill et  al., 2009; 
Horswill & Mckenna, 2004).

There are many methods of assessment and intervention for hazard 
perception and visual skills including videos, static images, driving sim-
ulation, and in a vehicle on a real-world driving environment (Moran 
et  al., 2019). Driving in the real-world environment and a driving simu-
lation environment have disadvantages such as low accessibility and high 
cost (Betz et  al., 2014; Moran et  al., 2019). However, the rapid advancement 
of technology and the inclusion of mobile applications in recent years 
have brought different approaches to rehabilitation (Connolly et  al., 2012). 
One of these is the digital game-based approach (Connolly et  al., 2012), 
which some researchers state is important due to its immerse effect, low 
cost and high availability (Backlund et  al. 2010; Ferguson, 2007; Schaffer 
& Fang, 2019). Such studies include applications on the smartphone and 
digital games in driver education that have the potential for learning the 
traffic rules and compliance. It can be argued that since digital games and 
platforms are used intensively by young people, therefore digital games 
might be used in driver studies (Li, 2015; Voinea, 2020). However, to our 
knowledge, we have not found any study using digital games on the 
development of hazard perception. The current study was planned to 
examine the effectiveness of hazard perception training and digital game-
based intervention approach on hazard perception and visual skills in 
young novice drivers.
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Methods

Design

This single-blinded, randomized, controlled trial (RCT) investigated 
changes in the hazard perception and visual skills of novice drivers after 
digital game-based interventions. The study was designed according to 
the CONSORT statement, which provides a standardized method for 
RCT design (Schulz et  al., 2010). Approval for the study was carried out 
after obtaining the ethical approval number 21/25 by the Gülhane 
Scientific Research Ethics Committee of the University of Health 
Sciences Turkey.

The study consists of two groups of novice drivers (game-based group 
and control group) and a 14-day 60 min a day intervention procedure. 
Evaluation was made on the first and last day (approximately 60 min). 
Hazard perception training was given to all participants for two days 
60 min a day. In addition, digital game-based intervention was applied 
to the intervention group, which was 60 min a day for 12 days. The pre- 
and post-intervention evaluations were made by the second author 
(M.K.İ) of the study, and the first author (B.T.) was blinded to the 
evaluation process.

Participants

Novice drivers were recruited by the researchers in the occupational 
therapy department of a University of Health Sciences Turkey, a public 
university between February and April of 2021. Inclusion criteria 
included: (1) age between 18 and 25 years (due to the legal legislation 
for obtaining driver license age of Turkey is 18 years or older); (2) 
driving license for a maximum of one year; (3) at least high school 
graduate; and (4) ability to understand and follow verbal instructions. 
Exclusion criteria were: (1) any chronic disease or auditory and visual 
issues; and (3) experienced playing the “Subway Surfers” game with a 
mobile device (e.g. smart phone, iPad, tablet). Fifty participants were 
screened and two were excluded due to having played Subway Surfers. 
The remaining 48 participants were randomized to either the game-
based group or the control group by using a computer-generated ran-
domization technique. Written informed consent was obtained from all 
participants prior to the study. However, two other participants were 
later excluded because they could not adhere to the frequency of the 
study intervention. Therefore, the study was completed with a sample 
of 46 novice drivers (see Figure 1 for the Consort diagram).
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Measurements

Motor-free visual perception test-3 (MVPT-3)
MVPT-3 was developed by Colarusso and Hammill (1972). It is a test 
that evaluates the visual perception skills of individuals between the ages 
of 4–94, independent of motor performance (Colarusso & Hammill, 1972). 
The first 14–65 questions are prepared for 10 years and older. Each correct 
answer given in the test is recorded on the score sheet as one point and 
zero points for a wrong answer. Turkish validity and reliability of MVPT-3 
was made by Metin and Neriman (Cronbach’s α: 0.85) (Metin & Neriman, 
2012). The MVPT is a frequently used scales in the assessment of visual 
skills by therapists working in the field of driving rehabilitation and in 
driving studies (Dickerson, 2013; Dickerson et  al., 2014; Holowaychuk 
et  al., 2020).

Trail Making Test-B
The Trail Making Test-B (TMT-B) test has been used to evaluate the visual 
scanning speed, visual-motor perception and function, planning ability, 
organizational ability, and abstract thinking ability (Reitan, 1958). The 
time to complete the consolidation (in seconds) establishes the score of 

Figure 1. C onsort diagram.
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the test. Turkish validity ICC value of the test performed by Cangöz et  al. 
was determined as 0.93 (Cangöz et  al., 2009). Türkiye normative values 
of TMT-B in healthy young adults were determined as 67 s on average 
(Türkeş et al, 2015). While the Trails Making Test B is used commonly 
in driving evaluations (Dickerson, 2014), the test is also preferred in 
studies on young drivers for such as driver screening and hazard percep-
tion (Betz & Fisher, 2009; Sasaki et  al., 2017).

Hazard Perception Test.  The Hazard Perception Test (HPT) (Scialfa et  al., 
2011) is a test in which the hazards are answered by touching the mouse 
or touch screen through the video clip containing different traffic events 
to evaluate the hazard and risk perception of the person while driving 
(Horswill & McKenna, 2004). Hazard perception tests have been 
incorporated into licensing procedures in the United Kingdom and in 
some states in Australia, and the validity of such tests has been demonstrated 
by means of correlations with crash risk (Mckenna & Horswill, 1999; 
Scialfa et  al., 2011). HPT includes 35 different one-minute video clips 
(with two used as practice) with a driving hazard scenario that requires 
the driver to identify. The participant must click with a mouse in distress 
or touch the screen if there is a touchscreen. The scoring of the test is 
calculated with the online test tool; A higher score is obtained when the 
participant reacts in the first segment (when potential hazard begins) and 
the score drops if the test taker reacts more slowly and/or clicks in the 
wrong situation. It has the highest score of 5 and the lowest score of 0 
for each video.

Interventions

Hazard perception training
Studies on hazard perception training used a variety of intervention meth-
ods including interactive computer programs, videos, simulation, static 
images, or during a test drive in a real driving environment or combination 
of approaches (McDonald et  al., 2015; Moran et  al., 2019). In the current 
study, we created our Hazard Perception Training program by using the 
information in the literature. The two-day hazard perception training was 
given to all novice drivers individually. This tutorial was created using 30 
slides and 15 videos. The training program included what can be done 
about situations that pose a hazard in the driving environment, how this 
situation can be predicted and the issues that need attention. With the 
images from the driving environment on the slide, what to do in the 
hazardous situation was discussed interactively with the participants. In 
the video part of the training, discussions included what hazardous situ-
ations may be encountered in case of stopping and continuing the video 
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in a certain part of the scenarios, and what measures should be taken 
regarding these situations.

Digital game-based intervention
Digital game-based intervention was implemented through the application 
with free access on the mobile device. Since at least 720 min of training 
is required to demonstrate the effectiveness of game-based and virtual 
reality interventions (Torpil et  al., 2021), this study’s program was 720 min, 
consisting of 12 consecutive days and 60-minute sessions.

The game called “Subway Surfers” was used with a mobile device (e.g. 
smart phone, iPad, tablet) that participants chose according to their pref-
erences. Whether the participant played the game or not was followed by 
telephone every day.

Subway Surfers is a mobile application with the main purpose is that 
the character can overcome various obstacles and escape in an endless 
way with the highest score and the longest time. The main functions 
offered to the user in the game are the character’s jump, bend and change 
direction. In order to achieve these, it is necessary to perform some finger 
movements by touching the touch screen mobile device. These skills vary 
according to the finger used, as well as flexion and adduction for the 
thumb, as well as adduction and abduction for those who play the appli-
cation with the index finger, as well as flexion and extension movements 
of the finger. Along with skills such as visual skills, attention, coordination, 
visual motor skills, rapid decision making, rapid response, praxis, risk 
perception of the obstacles encountered and making benefit calculations 
in order to gain more points are among the basic skills required to achieve 
a higher success in the game. A basic mechanic of the game is that the 
pace of the game accelerates as the start time of the game progresses. 
This pace increases in direct proportion to the score and the lengthening 
of the right to play, and as time progresses, this difficulty remains constant 
at a certain level and continues until the player loses the right to play. 
Responding quickly to the obstacles encountered in the game and providing 
correct escape plans brings the main success in the game. At the same 
time, keeping track of points in the progress in the game is as important 
as avoiding threats. The basic score of the game is how long the player 
has traveled, the length of progression on the road and how many points 
used to take that path.

Data analysis

Data were analyzed with SPSS version 26.0 (IBM Corp., Armonk, NY) 
statistical software package program. Data are presented as mean with 
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standard deviation. Normality of the data was analyzed using Kolmogorov-
Smirnov test. Differences between groups were analyzed with chi-square 
test for nominal data. Comparisons between the groups were conducted 
using Mann-Whitney U test. Pre- to post-intervention changes within the 
groups were analyzed with Wilcoxon signed-rank test. Furthermore, Quade’s 
rank analysis of covariance test was applied for controlling the effect of 
baseline differences for variables. Significance was evaluated at levels of 
.05. Effect size was calculated using the means and standard deviations 
of the groups. Effect size benchmarks were determined as <.30, .30-.80, 
and >.80 and considered small, moderate, and strong, respectively 
(Cohen, 1992).

Results

Mean ages of the game-based group (n = 23; 3 man, 20 woman) and con-
trol group (n = 23; 3 man, 20 woman) were 20.79 ± 0.81 years (range, 
19–22 years) and 20.65 ± 0.93 years (range, 19–22 years) respectively. All of 
these novice drivers were high school graduates none were involved in 
any crashes.

There is no statistically significant difference in all parameters between 
pre-intervention groups (p > 0.05) (Table 1).

Within-group analysis showed a significant increase in TMT-B, HPT, 
MVPT-3 visual closure-1, visual discrimination and total score (p < 0.01) 
in visual short time memory-1 in the study group (p < 0.05), and TMT-B, 
HPT and MVPT total score (p < 0.01) in visual closure-1 in the control 
group (p < 0.05). Comparisons of the changes over time for hazard per-
ception and visual skills within groups, as well as effect sizes, are shown 
in Table 2. Between-group analysis showed a significant increase in TMT-B, 
HPT, MVPT-3’s visual short time memory-1, visual closure-1, visual dis-
crimination, figure-ground and total score in the study group (p < 0.05 for 

Table 1. C omparisons of the pre-intervention TMT-B, HPT and MVPT-3 scores between the 
groups.

Game-based Group
Mean ± SD

Control Group 1
Mean ± SD

Comparisons
p

TMT-B 63.07 ± 24.54 63.70 ± 22.26 .818
HPT 97.60 ± 30.34 95.08 ± 26.33 .510
MVPT-3
Visual Short Time Memory-1 7.39 ± 0.78 7.21 ± 0.73 .330
Visual Closure-1 11.13 ± 1.17 10.82 ± 1.07 .340
Visual Discrimination 9.04 ± 1.18 9.08 ± 1.23 .901
Spatial Orientation 3.43 ± 1.37 3.21 ± 0.95 .290
Figure-ground 2.43 ± 1.16 2.39 ± 1.03 .810
Visual Closure-2 3.60 ± 1.11 3.43 ± 1.03 570
Visual Short Time Memory-2 4.17 ± 0.83 4.13 ± 0.69 768
Total Score 54.21 ± 3.55 53.30 ± 5.58 .509

TMT-B, Trail Making Test-B; HPT, Hazard Perception Test; MVPT-3, Motor-Free Visual Perception Test-3.
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all). Comparisons of the post-intervention for hazard perception and visual 
skills between groups, are shown in Table 3.

The game-based intervention was significantly more effective for TMT-
B, HPT, MVPT-3 visual closure-1, visual discrimination and total score 
after controlling for differences between groups in their baseline values 
(Table 4).

Discussion

The current study was conducted to examine the effectiveness of digital 
game-based intervention approach on visual skills and hazard perception 
in novice drivers. It was determined that the 14-day intervention program 
improved visual skills and hazard perception in young novice drivers.

With the widespread availability of distribution platforms such as com-
puters, iPads, tablets, and smartphone game apps, digital games have gained 

Table 3. C omparisons of the post-intervention TMT-B, HPT and MVPT-3 scores between the 
groups.

Game-based Group
Post-Intervention

Mean ± SD

Control Group
Post-Intervention

Mean ± SD p

TMT-B 41.81 ± 15.81 60.51 ± 20.64 0.003**
HPT 118.00 ± 30.80 98.56 ± 24.01 0.009**
MVPT-3
Visual Short Time Memory-1 7.78 ± 0.59 7.30 ± 0.63 0.003**
Visual Closure-1 11.95 ± 1.10 11.08 ± 0.94 0.002**
Visual Discrimination 9.86 ± 1.21 9.21 ± 1.08 0.037**
Spatial Orientation 3.82 ± 1.46 3.39 ± 0.78 0.066
Figure-ground 2.91 ± 0.59 2.43 ± 0.84 0.037*
Visual Closure-2 4.00 ± 1.04 3.52 ± 1.03 0.095
Visual Short Time Memory-2 4.30 ± 0.97 4.17 ± 0.71 0.301
Total Score 57.65 ± 4.59 54.13 ± 4.87 0.011*

TMT-B, Trail Making Test-B; HPT, Hazard Perception Test; MVPT-3, Motor-Free Visual Perception Test-3.
**p < 0.01; *p < 0.05.

Table 4. C omparisons of post intervention scores when controlling the effect of baseline 
scores.

Game-based Group
Post-Intervention

Mean ± SD

Control Group
Post-Intervention

Mean ± SD F p

TMT-B 41.81 ± 15.81 60.51 ± 20.64 32.90 <0.001**
HPT 118.00 ± 30.80 98.56 ± 24.01 17.25 <0.001**
MVPT-3
Visual Short Time Memory-1 7.78 ± 0.59 7.30 ± 0.63 20.99 <0.001**
Visual Closure-1 11.95 ± 1.10 11.08 ± 0.94 10.82 <0.01**
Visual Discrimination 9.86 ± 1.21 9.21 ± 1.08 13.81 <.001**
Spatial Orientation 3.82 ± 1.46 3.39 ± 0.78 12.54 <0.01**
Figure-ground 2.91 ± 0.59 2.43 ± 0.84 2.53 0.119
Visual Closure-2 4.00 ± 1.04 3.52 ± 1.03 7.15 0.010
Visual Short Time Memory-2 4.30 ± 0.97 4.17 ± 0.71 3.02 0.089
Total Score 57.65 ± 4.59 54.13 ± 4.87 1.05 0.311

Notes: Quade’s rank analysis of covariance test was used, to control for the significant difference observed 
between the groups in the baseline values.
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mainstream attraction (Connolly et  al., 2012). Authors reported that the 
use of digital games in rehabilitation has many benefits (Connolly et  al., 
2012; Li et  al., 2014). Researchers stated that the use of these games is 
effective in reducing various psychosocial problems; creating a solution to 
the problem of accessibility in rehabilitation; increasing visual, cognitive, 
physical skills; and gaining time and cost (Connolly et  al., 2012; Li et  al., 
2014; Schaffer & Fang, 2019). On the other hand, it is also used in edu-
cation due to its contribution to learning processes (Acquah & Katz, 2020). 
Various videos or simulation environments are used to improve driving 
skills and have a positive effect on driving skills (Moran et  al., 2019). In 
the current study, the digital game-based intervention approach positively 
affected the visual skills and hazard perception; skills which are important 
for driving. We believe the skills are developed because the game has an 
immerse effect, includes intense visual skills, fast decision making and 
actions that require fast action. We also believe that it will be important 
to use digital games in driving studies to increase visual skills in novice 
drivers and to improve the hazard perception.

In the studies on hazard perception, researchers stated that four meth-
odologies are frequently used, which include video, static image, driving 
simulations and test drive methodologies in real driving environment 
(Backlund et  al., 2010; Li, 2015; Moran et  al., 2019). Most studies have 
found that novice drivers have worse hazard perception than experienced 
drivers (Gharib et  al., 2020; Moran et  al., 2019). Moran et  al. (2019) states 
driving(?) simulators and vehicle drives in the real-world environment are 
the most natural method to test the hazard perception by using cognitive 
skills during “driving.” However, their use is largely limited to research 
due to time and cost problems related to testing (Moran et  al., 2019). In 
the this study, we used the game-based approach to improve visual skills 
and hazard perception in novice drivers as the rapid introduction of 
technology, mobile applications have an important place in activities of 
daily living, their accessibility, and their cost and time efficiency. We 
believe the use of the digital game-based intervention approach improves 
the hazard perception in novice drivers due to its immerse effect, intensive 
visual skills and rapid decision-making effect. In addition, this intervention 
can be a solution to time and cost problems in hazard perception devel-
opment and/or studies. Thus, this study is important in terms of showing 
the benefits of mobile applications.

Researchers recognize visual skills as important in many aspects of 
driving, particularly recognizing warnings and hazard perception (Gharib 
et  al., 2020; Muela et  al., 2021; Zheng et  al., 2020). When problems arise 
in visual field and visual skills problems, risk of crash increases and driving 
cessation may be warranted (Gharib et  al., 2020; Muela et  al., 2021; Wood 
et  al., 2018; Zheng et  al., 2020). Moreover, novice drivers react more slowly 
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in visual skills than experienced drivers (Wood et  al., 2018) and this 
situation may negatively affected the hazard perception (Gharib et  al., 
2020; Wood et  al., 2018). In our study, it was determined that a 14-day 
intervention positively affected visual memory, visual closure, visual dis-
crimination, visual scanning speed, shape-ground separation and reaction 
speed in the game-based group. The game used in this intervention may 
have had a positive effect on visual skills due to the fact that the game 
includes visual stimuli and is played using visual praxis skills.

On the other hand, it was observed that some visual skills developed pos-
itively in the control group. This situation is likely due to the content of the 
hazard perception training given to both groups for two days affects visual 
skills. However, when the effect level of the treatment in the control group 
is examined, it is seen that it has a weak effect. Since the game-based approach 
applied in the intervention group has a moderate or high effect on visual 
skills, this approach can be preferred as an active method in treatment.

Limitations
There are several limitations to this study that deserve comment. First, 
our limitation is that not evaluating in a real driving environment leads 
to the fact that its real effect on driving is not fully known. Second, 
because Trail Making Test A and Trail Making Test B are often used 
together, it may be a limitation that we only use Trail Making Test B in 
the current study. Making evaluations in real driving environment or 
simulation environment would offer more effective information for gen-
eralization. Another limitation is whether the intervention occurred or 
not because it was based on the statements of the participants. Failure to 
compare with experienced drivers also creates an additional limitation in 
terms of interpretation of the effect level of the intervention. In further 
studies, the effectiveness of the intervention with experienced drivers could 
be compared. Another limitation is that the long-term effect of the inter-
vention is not known which would be important to investigate the long-
term impact of digital games on novice drivers. Finally, a limitation is 
that novice driver participants had significantly more female participants 
and therefore we were unable to conclude efficacy in a larger male pop-
ulation. It will be important to investigate the effects of digital games on 
people in more detail as well as individuals with chronic conditions such 
as cerebral palsy and traumatic brain injury.

Conclusion

Novice who completed 14 days of HPT and digital game-based intervention 
showed greater improvement in hazard perception and visual skills on 
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novice drivers. The digital game-based intervention approach and HPT 
provides support for hazard perception interventions and visual skills 
interventions in novice drivers, and it is appropriate for research and 
clinical interventions targeting hazard perception and visual skills in young 
novice drivers.
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