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Abstract

Background: Inexperienced adolescent drivers are particularly susceptible to engaging in distracted driving behaviors (DDB)
such as texting while driving (TWD). Traditional driver education approaches have shown limited success in reducing motor
vehicle crashes among young drivers.

Objective: We test an innovative approach to help address the critical issue of DDB among teenagers. We investigated the
effectiveness of using a novel virtual reality (VR) game "Distracted Navigator" to educate novice teenage drivers about DDB.

Methods: The game consisted of maneuvering a spaceship around asteroids while engaging in simulated DDB (e.g., inputting
numbers into a keypad). Facilitated discussion, based on the Theory of Planned Behavior, linked gameplay to real-life driving.
Teenagers were recruited and divided into intervention (VR gameplay/discussion) and control (discussion only) groups in a ratio
of 2:1. Pre-post surveys measured the impact on TWD-related beliefs and intentions. Focus group interviews elicited feedback on
the utility of the VR gameplay and discussion.

Results: The majority of participants were male (62.5%), ranging 14-17 years old (M(SD) =15.8(0.92)), with universal cell
phone ownership. Approximately 60% reported never texting while driving and 29% said they rarely did. Compared to the
control group (n=7), the intervention group (n=17) was more likely to report that the programming had changed how they felt
about texting and driving overall (P=.015). However, specific TWD attitudes and intentions were not different by treatment
status. Irrespective of the treatment, pre-and post-scores indicated reduced confidence in safely texting while driving (perceived
behavioral control; P=.005). Thematic analysis revealed: 1) the VR gameplay adeptly portrayed real-world consequences of
texting and driving; 2) participants highly valued the interactive nature of the VR game and discussion; 3) both the VR game and
facilitated discussion were deemed as integral and complementary components, and 4) feedback for improving the VR game and
discussion.

Conclusions: Our findings show the novel use of immersive VR experiences with interactive discussions can raise awareness of
DDB consequences and is a promising method to enhance driving safety education. Widespread accessibility of VR technology
allows for scalable integration into driver training programs, warranting a larger, prospective randomized study.
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Abstract

Introduction: Inexperienced adolescent drivers are particularly susceptible to engaging in distracted
driving  behaviors  (DDB)  such  as  texting  while  driving  (TWD).  Traditional  driver  education
approaches have shown limited success in reducing motor vehicle crashes among young drivers. 

Objective: We  test  an  innovative  approach  to  help  address  the  critical  issue  of  DDB  among
teenagers. We investigated the effectiveness of using a novel virtual reality (VR) game "Distracted
Navigator" to educate novice teenage drivers about DDB. 

Methods: The  game consisted  of  maneuvering  a  spaceship  around asteroids  while  engaging  in
simulated DDB (e.g., inputting numbers into a keypad). Facilitated discussion, based on the Theory
of Planned Behavior, linked gameplay to real-life driving. Teenagers were recruited and divided into
intervention (VR gameplay/discussion) and control (discussion only) groups  in a ratio of 2:1. Pre-
post surveys measured the impact on TWD-related beliefs and intentions. Focus group interviews
elicited feedback on the utility of the VR gameplay and discussion. 

Results: The  majority  of  participants  were  male  (62.5%),  ranging  14-17  years  old  (M(SD)
=15.8(0.92)), with universal cell phone ownership. Approximately 60% reported never texting while
driving and 29% said they rarely did. Compared to the control group (n=7), the intervention group
(n=17) was more likely to report that the programming had changed how they felt about texting and
driving  overall  (P=.015).  However,  specific  TWD attitudes  and intentions  were not  different  by
treatment status. Irrespective of the treatment, pre-and post-scores indicated reduced confidence in
safely texting while driving (perceived behavioral control;  P=.005). Thematic analysis revealed: 1)
the VR gameplay adeptly portrayed real-world consequences of texting and driving; 2) participants
highly valued the interactive nature of  the VR game and discussion;  3)  both the VR game and
facilitated discussion were deemed as integral and complementary components, and 4) feedback for
improving the VR game and discussion. 

Conclusions: Our  findings  show  the  novel  use  of  immersive  VR  experiences  with  interactive
discussions can raise awareness of DDB consequences and is a promising method to enhance driving
safety education.  Widespread accessibility  of  VR technology allows for  scalable  integration into
driver training programs, warranting a larger, prospective randomized study. 

Keywords:

Safety, virtual reality, distracted driving, intervention, inattention, smartphone, novice drivers, risky
driving 
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Introduction

Motor vehicle crashes remain the leading cause of mortality among teenagers worldwide [1] and
unintentional  death  in  persons  aged  15-24 in  the  U.S.  [2].  Young  novice  drivers  are  especially
vulnerable to crashes or near crashes related to distracted driving behaviors (DDB) such as texting
while driving (TWD) because of their inexperience, poor risk assessment skills, and ubiquitous use
of cell phones [3,4]. DDB, and TWD in particular, have negative effects on driving performance
through  the  detrimental  effects  of  shared  attention,  task-switching,  inattention  blindness,  and
increased cognitive load while driving distracted [5]. To mitigate these harms, nearly all U.S. states
have implemented laws prohibiting TWD in some way, often imposing more restrictions for younger
or more inexperienced drivers (i.e., graduated licensing restrictions) [6].

Teen Distracted Driving Paradox

Despite teens acknowledging the dangers and generally supporting laws limiting TWD [7], they also
continue to engage in DDB [8,9] and are more likely to be in crashes involving distracted driving
[10,11]. While phone blocking apps have been found to be more effective than a control condition at
reducing TWD amongst teen drivers, they do not eliminate it  [12], in part  because of a lack of
motivation to use the apps [13]. Unfortunately, even if motivated, novice teen drivers often lack the
ability to comply with texting bans due to poor impulse control [14] and problematic cell phone use
[15].  These  issues,  combined  with  the  perceived  advantages  of  TWD  and  perceived  utility  of
compensatory strategies [8], may outweigh acknowledged risks encouraging young novice drivers to
persist in engaging in DDB [16].

Potential for Virtual Reality 

The educational paradigm for teenage driver’s education has remained static, with most evaluation
research demonstrating its limited effectiveness in reducing crashes among young novice drivers
[17,18]. Despite the pervasiveness of technology, driver’s education still relies on classroom-style
textbooks, lectures, videos, and low-tech simulation (e.g., a video screen connected to a simple wheel
and  pedal).  Our  goal  was  to  develop  an  intervention  to  augment  traditional  in-person  driver’s
education.

Head  mounted  display  based  virtual  reality  (hereafter  VR)  is  an  exciting  technology  used  for
gamification and is increasingly used for learning in multiple fields [19–23]. Providing immersive,
experiential  evidence  of  how  distractions  adversely  affect  performance  through  VR could  help
address  problematic  teenage  driving  behaviors  [24].  Research  on  using  VR  games  in  driver’s
education is limited, but there is substantial potential for VR’s application in addressing TWD [25].
By experiencing the consequences  of in-game distractions,  young novice drivers may reevaluate
their beliefs about TWD, perceived ability/skill to text while driving, and reassess their perceived
evaluation of the risks they take when engaging in TWD, which affects their attitudes and intention
to engage in TWD.

VR-based games have several potential advantages over traditional video or low-tech simulators as a
teaching tool: 1) Presence, or the idea that the user is physically present in the virtual environment;
2) Embodiment, when the user feels they are genuinely inhabiting the virtual character and having
their actions mirrored within the virtual environment; and 3) Physicality, where the user’s actual
degree  of  physical  activity  is  substantially  increased  during  gameplay,  creating  an  increased
immersive experience [19,26].

https://preprints.jmir.org/preprint/60674 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Peterson et al

Methods

Distracted Navigator Intervention

By having teens experience a novel VR game featuring DDB (Distracted Navigator) and engage in a
facilitated educational discussion relating gameplay to real-world consequences, we sought to make
more effective education on how DDB and TWD impacts driving performance. 

Distracted Navigator is played on a VR head mounted display [27]. A player is placed virtually inside
a spaceship cockpit and has control of the speed and the direction of the ship, which they navigate
through an asteroid field (see Figure 1). Distracted Navigator provides vibrational haptic feedback
via the player controller when asteroids hit the spaceship with noticeable damage to the spaceship’s
windshield. 

Figure  1.  VR  Game  Sample  Screenshots

Note. The images represent A) Navigating around asteroids; B) Task switching by pulling levers; C) Multi-tasking by
inputting numbers into a keypad; and D) Inattention blindness when a rooster flies across space. 

After a 5-minute onboarding tutorial and a practice session, the user then plays their first round of the
game  (without  any  distractions)  for  ~5  minutes,  navigating  the  spaceship  to  avoid  oncoming
asteroids. They receive a score depending on how successfully they avoided damage to the ship. In
round two of the game, distractions are introduced as the player is exposed to several “emergency”
tasks. While still navigating the ship around incoming asteroids for ~5 minutes, players must manage
emergency tasks including 1) typing in a specific number sequence into a keyboard; 2) looking at
orbs of lights on the sides of the cockpit to reactivate the ship’s lighting system; 3) pulling a specific
sequence  of  overhead  levers;  and  4)  plugging  devices  into  the  console.  The  game  ends  with
comparing the round one (without distractions) and round two scores (with distractions) with an
illustration of a spaceship demonstrating the level of damage received during round two of play. 
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Distracted Navigator was designed specifically to be 1) immersive and fun while experiencing the
performance-reducing  effects  of  DDB;  2)  not  incentivize  players  to  improve  their  score  while
engaging  in  DDB;  and  3)  leverage  the  familiar-to-teen  experience  of  watching  live  streaming
gameplay  by  broadcasting  individual  play  to  other  group  members.  Collectively,  Distracted
Navigator tasks simulate the effects of 1) texting; 2) taking eyes off the road; 3) multitasking; and 4)
plugging  in  devices  to  demonstrate  the  negative  effects  of  shared  attention,  task-switching,
inattention  blindness,  and  increased  cognitive  load  while  driving  distracted  [5].  The  game  also
features a cartoon rooster that flies across the screen during gameplay to demonstrate inattention
blindness like the classic ‘invisible gorilla’ experiment [28].

Facilitated Discussion 

Both the intervention and the control group participated in the discussion, facilitated by a content
expert familiar with working with teens (author TV), which educated participants on the dangers of
DDB. Importantly, the facilitated discussion was implemented using an interactive approach akin to
motivational  interviewing  to  elicit  the  teens’ own  perspectives  and  to  better  engage  them  in
collaborative, thoughtful discussion [29].

Content was adapted from the AAA didactic educational material [30] on distracted driving and the
DriveSmart campaign [31]. The material was further enhanced by inclusion of Theory of Planned
Behavior concepts related to TWD (see Figure 2) [32,33]. For example, perceived texting norms
(e.g., it’s not a big deal) and faulty teen perceptions of their ability to multi-task and employ risk-
compensation  strategies  so  they  can  drive  distracted  were  discussed  (i.e.,  normative  beliefs,
motivation to comply). Also, the pressure to reply to messages and habitual phone use that can make
distracted driving hard were acknowledged, and empowerment strategies were discussed to enhance
perceived control (i.e., control beliefs and perceived power). The intervention group had additional
material that tied their Distracted Navigator gameplay experiences to everyday driving situations and
the facilitator referred to the gameplay throughout the discussion to further reinforce its connection
to these TWD concepts.

Figure 2. VR Game and Discussion Theory of Planned Behavior Conceptual Model

https://preprints.jmir.org/preprint/60674 [unpublished, non-peer-reviewed preprint]
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The  primary  aim  of  the  present  study  was  to  evaluate  the  utility  of  Distracted  Navigator and
facilitated discussion using a mixed approach in a pre-post randomized controlled trial. We sought to
test the following hypotheses:

1. That intervention group participants who experience the VR game will  have significantly
reduced intentions to engage in TWD. 

2. The intervention group will have statistically significant changes in other theory of planned
behavior constructs regarding TWD. 

Additionally, we used open-ended and focus group interview data to: 

1. Gain participant insight into the utility of their VR experiences and themes supporting the
quantitative data. 

2. Identify qualitative themes for future development and enhancements to the VR game. 

Participants and Procedure

Game onboarding and facilitated discussion were beta tested with two teens recruited from a local
children’s hospital volunteer patient advisory committee. We then recruited future and novice teen
drivers from a Michigan high school to pilot test the effect of a virtual gaming intervention and
accompanying discussion on TWD perceptions and attitudes over July-Aug 2022 and July 2023.
Authors ANH and VC liaised with a local high school to recruit teen drivers. Teens were eligible if
they  were  14-17  years  old.  Email  contact  was  collected  for  both  the  students  and  a  parent  or
guardian. Author VC met with the teens and their parent/guardian via a virtual meeting room where
eligibility  was  assessed,  study  procedures  were  reviewed,  and  written  participant  assent  and
parent/guardian consent were obtained. 

https://preprints.jmir.org/preprint/60674 [unpublished, non-peer-reviewed preprint]
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Teens were recruited in blocks of up to seven and assigned at the block level to intervention and
control groups approximating a 2:1 ratio. All teens were asked to complete the baseline survey before
the session. In the intervention group, participants played the  Distracted Navigator  VR game and
engaged in the facilitated driver’s  education curriculum on the effects  of distracted driving with
references to their gameplay experiences, completed the post-session survey, and then participated in
the focus group to provide additional feedback. As described above, the control group engaged in a
similar moderator-facilitated driver’s education curriculum on the effects of distracted driving with
no reference to the gameplay. They then completed the post-session feedback survey and were then
allowed a free period to play the VR game for fun.  Following this  gameplay,  the control group
engaged in a 2nd focus group session to provide feedback on the VR game. See participant study
flow in Figure 3.

Figure 3. Participant Study Flow

Participants were offered a $100 gift card and provided with food and beverages during the session
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as incentives. The study was approved by the University of Michigan Institutional Review Board
#HUM00213233. All study staff and investigators completed the University of Michigan Minors as
Research Participants and followed the participant contact protocols. 

Measures 

Surveys for both pre-session (baseline) and post-facilitated discussion (follow-up) were emailed to
the students to complete on the Qualtrics platform. Intervention and control participants received the
same survey materials. The intervention focus group was conducted after the facilitated gameplay
discussion and after participants finished the follow-up survey. The main outcomes of interest were
the TPB constructs (intention, etc.) with intervention and time (baseline, follow-up) as the primary
independent predictor variables. We also assessed overall perceptions of the session.

Demographics and Driving Behaviors

Demographics included gender, age, race and ethnicity, and grade in school. We assessed typical
hours spent driving, seatbelt habits, level of Michigan driving license, TWD frequency (typically and
past week), and whether they had experienced a variety of consequences of different severities due to
TWD (e.g., drifted into another lane, ran stop sign or stop light). We also asked if they used text
dictation software (e.g., SIRI) to text while driving, and had played any VR games before. Full items
are available in Table 1. 

Intervention Assessment Overall 

The follow-up survey asked participants to assess the program they experienced overall. Specifically,
they were asked “Did the program change how you feel about texting and driving?” and “Did the
program change how likely you are to text and drive?” Response options for both questions were
yes, maybe, or no. Questions were phrased to refer to the “program” generally so both intervention
and control participants received the same questions and could be compared. An initial subset of
surveys was distributed without this question included in error (n=5).

Texting while Driving Theory of Planned Behavior Constructs

Pre- and post-session, participants were asked how strongly they agreed or disagreed with statements
regarding their  perceived behavioral  control  to  text  and drive,  general  TWD attitude,  subjective
norms, perceived disadvantages and advantages of not engaging in TWD, and intention to TWD in
the  next  week.  Response  options  ranged  from  strongly  disagree  to  strongly  agree  (1=strongly
disagree, 2=agree, 3=neither agree nor disagree, 4=disagree, 5=strongly disagree). These TPB items
were derived from [34–36] and identified as  having sufficient  reliability  and validity  in  a  large
sample of teen drivers [33]. The TPB as well as the TWD consequences questions were used with
permission. Full items are available in Table 3. 

Semi-Structured Focus-Group Interview Questions 

Semi-structured prompts engaged the participants in a discussion of their general impression of the
game and the facilitated discussion, their likes and dislikes of the game and its components, main
takeaways of the program, and whether they would recommend it to others. Specific questions also
addressed gamification and the utility of watching others play rather than experiencing the game
themselves (i.e., live streaming). Focus group procedures followed Krueger & Casey’s [37] guidance
and the facilitator emphasized honesty, confidentiality, and desire for negative feedback in order to
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avoid social desirability biases. Focus group audio was transcribed by a HIPAA-compliant third-
party company. Full script guidance is available in the Appendix (A1).

Analysis Plan 

Quantitative Analysis 

We compiled descriptives and conducted randomization equivalency tests using either t-tests or 𝜒2-
tests,  as  appropriate.  For  TPB items  and  overarching  constructs,  we  conducted  pre-post  cluster
analysis  tests  of  the  treatment  condition  with  a  time  interaction  using  mixed  effect  hierarchical
modeling with restricted maximum likelihood (REML) and the residuals df method specified given
the  continuous outcomes;  Group assignment  and individuals  (by  IDs)  were  included as  random
effects. The interaction with time accounted for differences in the conditions present at baseline.
Models controlled for typical texting frequency, which was differential by treatment group (p<.05;
see Table 1). Given the distribution of responses, how often teens typically read or send texts while
driving was dichotomized into ‘never’ and ‘ever’.

Treatment assignment was assessed with the proper degrees of freedom for a cluster randomized trial
[#conditions(#groups-1)=8 df] using the lincom (linear combinations of parameters) postestimation
procedure.  Because  the  test  for  group level  effects  (intraclass  correlation  coefficients)  with  this
multilevel modeling was near zero, procedures were replicated using a standard linear regression
approach to  explore  pre-post  effects  with enhanced power(degrees  of  freedom).  All  quantitative
analyses were conducted by author CMP using Stata/SE 18.0 [38]. 

Qualitative Analysis

Authors  CMP, ANH, and TV implemented  thematic  content  analysis  following procedures  from
Braun & Clark [39] of the survey feedback and focus group transcripts. Content analysis aimed to
identify  themes  on  the  VR game and facilitated  discussion’s  utility  and areas  for  improvement.
Authors independently read focus group transcripts and open-ended survey responses. Together they
reviewed commonalities and any exceptions they noted to develop codes and identify overarching
themes.  Themes  and  emblematic  quotes  are  presented.  Points  of  convergence  and  divergence
between the qualitative themes and quantitative results are discussed.

Results

Demographics and Driving Behaviors 

A total of 25 teen drivers were recruited and assigned to intervention (n=17) or control (n= 7) across
5 groups (four intervention groups of varying sizes, one large control group), approximating the 2:1
assignment target. No baseline data were available from one participant and follow-up was missing
from another participant. Teen participants were 62.5% male and averaged 15.8 years old. They were
61.9% White (n=13),  28.6% Asian (n=6),  4.8% Black/African-American (n=1) ,  4.8% American
Indian or Alaska Native (n=1). They were entering 10th (25%), 11th (41.7%), and 12th (33.3%) grades.
All had their own cell phone and 76.5% had played a VR game before.

Teens  were  about  evenly  distributed  by  what  kind  of  license  they  held:  none  (29.1%),  level  1
(29.1%), level 2 (25.0%), and level 3 (16.7%). Nearly 60% said that they typically never send a text
while driving and another 29.2% said they rarely do. About the same said they never typically read a
text  while  driving  (58.3%)  or  rarely  (20.8%).  These  frequencies  were  unevenly  distributed  by
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treatment and intervention group. Compared to the intervention group, the control group members
reported reading (85.7% vs. 23.5%) or sending a text (71.4% vs. 29.4%) more often than ‘never’.
See Table 1 for full demographic and comparison details.

Table 1. Baseline Characteristics of the Sample and Treatment Comparison

  Total Control (n=7)
Intervention
(n=17) p-value

  n % n % n %  

Female 9 37.5 4 57.1 5 29.4 0.202

Age, M(SD) 15.8 0.9 16.0 0.6 15.7 1.0 0.247

Race 0.818

   White 13 61.9 3 60.0 10 62.5

   Asian 6 28.6 2 40.0 4 25.0

   Black/African-American 1 4.8 0 0.0 1 6.3

   American Indian or Alaska Native 1 4.8 0 0.0 1 6.3

Hispanic-origin 1 4.8 0 0.0 1 6.3 0.567

Grade 0.191

   10th 6 25.0 0 0.0 6 35.3

   11th 10.0 41.7 4 57.1 6 35.3

   12th 8 33.3 3.0 42.9 5 29.4
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Driving behaviors

Hours driving per week (typical) 0.791

   0 7 29.2 2 28.6 5 29.4

   1-2 4 16.7 2 28.6 2 11.8

   3-5 7 29.2 2 28.6 5 29.4

   6-10 4 16.7 1 14.3 3 17.7

   11 or more 2 8.3 0 0.0 2 11.8

Michigan license level 0.993

   None 7 29.2 2 28.6 5 29.4

   Level 1 7 29.2 2 28.6 5 29.4

   Level 2 6 25.0 2 28.6 4 23.5

   Level 3 4 16.7 1 14.3 3 17.7
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How often do you text on your cell phone? (in general) 0.664

   Never 1 4.2 0 0.0 1 5.9

   Rarely 0 0.0 0 0.0 0 0.0

   Sometimes 2 8.3 0 0.0 2 11.8

   Often 17 70.8 6 85.7 11 64.7

   All the time 4 16.7 1 14.3 3 17.7

How often do you typically SEND a text message while driving? 0.032

   Never 14 58.3 2 28.6 12 70.6

   Rarely 7 29.2 5 71.4 2 11.8

   Sometimes 2 8.3 0 0.0 2 5.9

   Often 1 4.2 0 0.0 1 5.9

   All the time 0 0.0 0 0.0 0 0.0

Within the  past  week,  how often did you use your cell  phone to SEND text messages while
driving? 0.235

   Never 21 87.5 7 100.0 14 82.4

   A few times 3 12.5 0 0.0 3 17.7
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   Several times 0 0 0 0 0

   Many times 0 0 0 0 0

How often do you typically READ a text message while driving? 0.018

   Never 14 58.3 1 14.3 13 76.5

   Rarely 5 20.8 3 42.9 2 11.8

   Sometimes 4 16.7 3 42.9 1 5.9

   Often 1 4.2 0 0.0 1 5.9

   All the time 0 0.0 0 0.0 0 0.0

Within the  past  week,  how often did you use your cell phone to READ text messages while
driving? 0.535

   Never 20 83.3 6 85.7 14 82.4

   A few times 2 8.3 1 14.3 1 5.9

   Several times 2 8.3 0 0.0 2 11.8

   Many times 0 0.0 0 0.0 0 0.0

Because they were TWD, had they ever…(responded yes)
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   Drifted into another lane 2 8.3 1 14.3 1 5.9 0.498

   Knew were being reckless 2 8.3 0 0.0 2 11.8 0.343

   Sped more than 10mph 2 8.3 0 0.0 2 11.8 0.343

   Ticketed for TWD 0 0.0 0 0.0 0 0.0 -

   Run a stop sign or red light 0 0.0 0 0.0 0 0.0 -

   Hit something 0 0.0 0 0.0 0 0.0 -

   Injured someone 0 0.0 0 0.0 0 0.0 -

How often do you wear a seatbelt while driving? 0.111

   Never 0 0.0 0 0.0 0 0.0

   Rarely 0 0.0 0 0.0 0 0.0

   Sometimes 0 0.0 0 0.0 0 0.0

   Often 1 4.2 1 14.3 0 0.0

   All the time 23 95.8 6 85.7 17 100.0

How often do you use dictation software (such as SIRI) to text while driving? 0.181

   Never 16 66.7 4 57.1 12 70.6
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   Rarely 3 12.5 1 14.3 2 11.8

   Sometimes 2 8.3 2 28.6 0 0.0

   Often 1 4.2 0 0.0 1 5.9

   All the time 2 8.3 0 0.0 2 11.8

Played VR games before 17 70.8 4 57.1 13 76.5 0.344

Own cell phone 24 100.0 7 100.0 17 100.0 -

Note. We are missing race and ethnicity data for earlier groups. License Level 1= Supervised, can only drive with parent
or designated licensed adult age 21 or older; Level 2 = Intermediate, has limits passengers and unsupervised nighttime
driving; Level 3 = Full, all driving privileges with no restrictions.

Intervention Assessment Overall 

Recalling that some participants did not receive this question due to error, we have a smaller number
of providing their  overall  assessment of the program they experienced. Considering the program
overall, nearly 80% (11 of 14) of the treatment group said the VR game and facilitated discussion
had changed how they felt about texting and driving and how likely they were to engage in it (see
Table 2). For the control group, 50% (2 of 4) said their discussion-only program ‘maybe’ changed
how they felt about texting and driving, and the other half said it did not change how they felt about
TWD. The control group was also split in terms of how their program changed how likely they were
to text and drive, with half saying ‘maybe’ and half reporting ‘yes’ it changed how likely they were to
text and drive.

Bivariate  analyses  indicated  that  people  in  the  intervention  group  were  more  likely  to  say  the
intervention  changed  how they  felt  about  texting  and  driving  (𝜒2(18)=-  8.35,  P=.015),  but  this
difference  was  no  longer  statistically  significant  when  modeling  controlled  for  ‘ever’ texting
frequency. Overall program impact on intentions was not significantly different by group in either
statistical approach. 
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Table 2. Overall Change in Texting While Driving Perceptions Based on Programming

  Control Intervention Total

Did the program change how you feel about texting and driving?

No 2 2 4

Maybe 2 1 3

Yes 0 11 11

Did the program change how likely you are to text and drive?

No 0 1 1

Maybe 2 2 4

Yes 2 11 13

Texting while Driving Theory of Planned Behavior Constructs 

Full  cluster mixed model  analyses (controlling for ‘ever’ sending and ‘ever’ reading texts while
driving) accounting for proper group randomized trial degrees of freedom showed no significant
interactions between treatment assignment and time (pre-post), indicating no statistically significant
effects from the trial. Higher-powered regression analyses that disregard the cluster effects, which
were negligible, also showed no statistically significant interactions between time and treatment.

Exploratory analyses

Because  there  were  no  differences  by  treatment  group  and  cluster  effects  were  minimal,  we
conducted exploratory pre-post regression analyses (still controlling for sending/reading texts while
driving). Perceived behavioral control (PBC) item #1 (“I am confident that I could text while driving
and  still  drive  safely.”)  was  statistically  significantly  different  before  and after  the  session,  b=-
0.78, t(46) = -2.66, P=.011. Relatedly, the PBC sum score, which included PBC item #2 (“It would
be easy for me to text while driving in the next week.”) was also significant, b=-1.28, t(46) = -
2.49, P=.017, but not item #2 by itself. 
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In these same models, many TPB items were significantly associated with texting frequency but not
the time factor: Reporting ‘ever’ sending texts while driving was a significant predictor of many TPB
items (perceived behavior control sum, both attitude items, subjective norm item #2, intent items #1
and #3, and its sum), while ‘ever’ reading texts while driving significantly predicted change in just
perceived disadvantage item #2 and its construct sum). Before and after TPB construct descriptives
(with  simplified  t-tests)  are  in  Table  3  and  the  exploratory  full  pre-post  regression  models  are
available in the Appendix (A2)

Table 3. Pre-Post Session Changes in Texting While Driving Theory of Planned Behavior Constructs

Variables Pre-Session Post-Session

t-test 

p-value

Label Perceived behavioral control

pbc1
I am confident that I could text while driving
and still drive safely.

2.4 (1.1) 1.6 ( 0.9)
.016

pbc2
It would be easy for me to text while driving
in the next week.

2.1 (1.2) 1.6 (1.0)
.122

pbc_sum    PCB sum score 4.5 (2.2) 3.2 (1.6) .029

General TWD attitude

attitude3
Texting while driving can be dangerous, but I
am going to do it anyway.

1.8 (1.2) 1.5 ( 0.8)
.310

attitude4
It  is  my  business  if  I  want  to  text  while
driving.

1.6 ( 0.9) 1.4 ( 0.7)
.476

att_sum    Attitude sum score 3.3 (1.6) 2.9 (1.3) .282

Subjective norm
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snorm1
Most people important to me would want me
to text while driving in the next week.

1.1 ( 0.4) 1.1 ( 0.4)
1.000

snorm2
Most people important to me would approve
of me texting while driving in the next week.

1.2 ( 0.6) 1.1 ( 0.3)
.353

snorm3
Most people important to me would think that
I should text while driving in the next week.

1.2 ( 0.5) 1.0 ( 0.2)
.248

snorm_su
m    Norm sum score

3.5 (1.4) 3.2 ( 0.9)
.461

Perceived disadvantages of abstention

perdis1
I could not check with someone if I got lost
or forgot something.

3.0 ( 0.9) 2.7 (1.3)
.357

perdis2
I would not be able to tell people where I am
or when I will arrive.

2.9 (1.3) 2.6 (1.2)
.428

perdis3
My mom or dad could not call me when they
need me.

2.8 (1.3) 2.6 (1.3)
.660

perdis4 I would be different from all my friends. 1.9 (1.1) 2.0 (1.1) .608

perdis_su
m    Disadvantage sum score

10.5 (3.7) 9.9 (3.7)
.588

Perceived advantages of abstention

peradv1
I would be able to pay better attention to my
driving.

4.8 ( 0.8) 4.6 (1.1)
.568

peradv2 I would be less likely to get into an accident. 4.9 ( 0.3) 4.5 (1.1) .125
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peradv3 I would be following the law. 4.9 ( 0.3) 4.6 (1.1) .171

peradv4 I would make my parents happy. 4.9 ( 0.3) 4.5 (1.1) .177

peradv5

I  would  be  calmer  when  I  drive  because  I
would  not  have  conversations  that  might
upset me.

4.5 ( 0.9) 4.4 (1.2)
.685

peradv6 I would not get a ticket. 4.8 ( 0.5) 4.5 (1.1) .395

peradv7 My friends would think I was responsible. 4.6 ( 0.6) 4.4 (1.2) .462

peradv_su
m    Advantage sum score

33.3 (2.5) 31.6 (7.3)
.272

Intention

intent1
I intend to  text while  driving  in  the  next
week.

1.4 ( 0.7) 1.2 ( 0.4)
.326

intent2
It is likely that I will text while driving in the
next week.

1.5 ( 0.9) 1.4 ( 0.8)
.867

intent3
I am willing to text while driving in the next
week.

1.8 (1.0) 1.7 ( 0.9)
.561

intent_sum    Intention sum score 4.7 (2.6) 4.3 (1.9) .566

Note. Item labeling from McBride et al. validity testing of the scale noted for comparison and ease of reference.

 Qualitative Themes

The primary themes that emerged from the qualitative dataset were 1) the VR gameplay adeptly
portrayed  real-world  consequences  of  texting  and  driving;  2)  participants  highly  valued  the
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interactive  nature  of  the  VR  game  and  discussion;  and  3)  both  the  VR  game  and  facilitated
discussion were deemed as integral and complementary components in cultivating awareness about
risks of DDB. Finally, participants offered 4) feedback for improving the distracted navigator game
and facilitated discussion for further intervention development. 

VR Gameplay Adeptly Portrayed Real-World Consequences of Texting and Driving

The immersive Distracted Navigator gameplay achieved one of its educational aims, as participants
recognized how the game’s distracting tasks and declining game performance related to real-world
consequences of DDBs.

“It makes more apparent with how dangerous distractions really are…This
represented different things that are on the road as well, not just you, but also

other cars, and animals, and pedestrians. I feel like also with the typing, with the
buttons, that reminded me of texting. I was hitting five things—five asteroids when

I was texting. It reminds me of that. It took about the same amount of time of
pushing the buttons as a text would take. It really shows you how you can hit so
many things or cause that many accidents in such a short amount of time. It was

like two seconds.”

This was taken further by multiple participants who reported that the consequences experienced in
the game lessened their intention to engage in TWD behaviors.

“For me, I'm less likely to text now. I'm not gonna lie, I've text and drove before,
it's happened. I think now, seeing for example, you can see the ship on the side and

see how damaged it gets. I think that also helps a lot with showing what can
happen in real life scenarios.”

The haptic feedback and sounds via the VR equipment also helped create an immersive world.

Participants Highly Valued the Interactive Nature of the VR Game and Discussion

In discussion of the Distracted Navigator in particular, participants agreed that the engaging nature
of the game enhanced the educational value. 

“This worked for me 'cause I like to interact with things. I like being able to work
with the things, and playing a game made me wanna focus more.”

This was true for the facilitated discussion as well. Multiple participants favorably compared this
discussion to traditional driver’s education.

“I like it being more of a conversation than just a teacher or somebody showing it
to you.” 

By  comparison,  our  facilitated  discussion  based  on  TPB  concepts  was  “more  engaging,”  and
“interactive.” The value of this engagement was seen, and perhaps made more prominent, when the
game and discussion were paired together.
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“It was a fun educational experience. You were having fun at the same time while
learning things. Enjoying, you're able to enjoy it.” 

Both the VR Game and Facilitated Discussion were Deemed as  Integral  and Complementary
Components in Cultivating Awareness About Risks of DDB

Finally, the participants made note of the synergy between the gameplay and facilitated discussion.
While our groups discussed both favorably, the combination of the two was identified as necessary
for maximal learning. 

"I think it made the connection better between the game and then the slides. I think
on their own, each one would have done worse, but combined, I think it did a lot

better."

There was consensus that teens should play the VR game first and then engage in the discussion
because  this  provided  context  and  augmented,  in  a  timely  manner,  exactly  what  had  just  been
experienced in the game.

Feedback for Improving the Distracted Navigator Game and Facilitated Discussion

Focus group feedback from teens offered several areas for modifying the VR game and discussion to
be more engaging and relatable to driving risks. Nearly universally, teens said they preferred more
realism in the game, especially in the tasks. For example, unlike the keypad digit entering task, the
lever  pulling  task  did  not  have  a  good  real-world  analog.  Some  of  the  distraction  tasks  were
confusing  in  terms  of  what  to  do  and could  be  simplified.  For  the  facilitated  discussion,  teens
recognized the utility of incorporating more compelling statistics and narratives. They also suggested
more surface level changes such as more engaging graphics.

Discussion

Although  there  was  no  statistically  significant  impact  on  novice  drivers’  DDB  attitudes  and
intentions,  our findings show success toward our goal of developing an intervention to augment
traditional  driver’s  education.  Participant  feedback  suggests  that  the  addition  of  an  immersive
experience through Distracted Navigator reinforced the negative effects of TWD and other DDB in
ways that standard drivers’ education lectures cannot. This was particularly highlighted in the focus
group  data  and  is  novel  to  the  existing  literature  on  driver’s  education.  However,  the  lack  of
empirical group differences indicates that thoughtfully engaging teen drivers in discussion of these
behaviors and related impairments may still heighten awareness of their dangers, with or without the
VR gameplay. 

Most  participants  reported  never  experiencing  consequences  of  DDB  (e.g.,  ticketed,  injured
someone). According to the Protection Motivation Theory [40,41], these novice drivers may have an
inaccurate perception of the risks or consequences and therefore may engage in behaviors like TWD
more  often.  VR gaming  may  provide  the  driving  experience  and  personal  experience  of  DDB
consequences that novice teen drivers ’ lack that influence their perceived risk of TWD behavior
(e.g., Protection Motivation Theory) [40]. 

Our  feedback  suggests  Distracted  Navigator was  successful  in  providing  a  safe  and  immersive
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experience for teens to experience such consequences, with participants connecting the “emergency
tasks”  to  the  real  world  while  recognizing  the  outcomes.  Another  potential  benefit  of  the  VR
approach is the capability to live stream VR gameplay, a popular and familiar format for teens to
engage in the play by proxy [42,43]. Streaming active VR play in a drivers’ education classroom
enhances the scalability of the intervention.

While our focus group feedback underscored the efficacy of the combined programming - facilitated
discussion and  Distracted Navigator - in demonstrating the repercussions of DDB and changing
participants’  intentions,  the  quantitative  data  did  not  show  analogous  statistically  significant
outcomes. Further investigation into participants’ experiences hinted at several possible explanations
for this discrepancy. 

The first  is  the possible confounding effect  of the facilitated discussion in isolation.  All  groups,
control and intervention, agreed that the facilitated discussion was superior to traditional classroom-
based drivers’ education.  While  the synergistic  effect  when paired with the game was clear,  the
benefit  of  the discussion alone,  as  reported  by our  participants,  may suggest  why a  statistically
significant outcome was not found. 

The second is the potential contribution of a floor effect on the data. In both the pre-intervention
survey  and  the  focus  groups,  most  participants  expressed  that  their  baseline  intention  and  self-
reported habits were to not text and drive. This allowed for little movement toward a statistically
significant impact. Most participants already said they did not intend to text while driving at baseline
(87.5% said they strongly or somewhat disagreed that they would intend to or that they would likely
text while driving in the next week).  Even so,  nearly three-quarters  of participants had said the
program changed how likely they were to text and drive when asked outside of the TPB items.

The issue of historical confounding was explored given that a Michigan hands-free law went into
effect for all drivers June 2023, which was in between VR sessions [44]. This law made it illegal to
hold or physically use a cell phone while driving and may have been advertised heavily along with
warnings  on  the  potential  consequences  (legal  or  safety)  of  TWD.  However,  post-hoc  analyses
indicate no difference in TPB constructs based on timing of sessions (pre-post full ban). 

As a pilot study, our findings show promise for Distracted Navigator as a novel educational tool for
novice drivers. Though our study was limited by size and the possible confounding effects  of a
specifically  designed  discussion,  the  feedback  was  positive  with  concrete  recommendations  for
future improvements, highlighting potential areas for future research. Larger studies, with higher
power and a more longitudinal perspective may shed more light on the potential for VR to have a
lasting impact on driver’s education.

Limitations 

Our study was constrained by the  small  pilot  sample  size,  compounded by missingness  for  the
‘overall’ question, that limited the statistical power to discern subtle differences between the groups.
Moreover, the small sample size contributed to the imbalance in the baseline differences in important
TWD behaviors.  However,  through focus  groups,  we were able  to  capture candid feedback that
offered valuable insights into participants’ experiences with both the VR game and/or the facilitated
discussion.  Self-reported  data  on  texting  behavior  could  have  been  susceptible  to  demand
characteristics, potentially affecting accuracy, alongside missing responses from a few unanswered
questions in an early version of the survey. 
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Conclusion 

The growing availability of VR systems enables the easy integration of educational VR games like
Distracted Navigator to enhance driver training education programs. Insights gained from participant
feedback will be used to improve the VR game and associated discussion, preparing for a larger,
prospective randomized control trial to test its specific influence on DDB beliefs and intentions.
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