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Objectives: Various legal countermeasures have been introduced in numerous jurisdictions
worldwide to reduce the risky behaviour of phone use while driving. However, external factors do
not influence behaviour alone; internal factors may also play a large role in influencing behav-
iour. Therefore, the aim of this study was to examine the impact of both external and internal
influences on hand-held phone use while driving.

Methods and analysis: The influence of external factors was examined after a higher penalty and a
trial for mobile phone detection cameras was introduced in Queensland, Australia, utilising
deterrence-theory related constructs. Meanwhile, internal factors were examined through the lens
of self-determination theory to determine the relevance of self-regulation to phone use while
driving, over and above the effect of deterrence factors.

Findings: A total of 866 participants (M age = 37.51 years, SD = 17.23) completed a survey
examining these variables. Despite the changes to the penalty and enforcement, the legal factors
did not significantly deter drivers from phone use while driving. Instead, participants reported
avoiding punishment, which influenced further engagement in the behaviour. Meanwhile, in-
dicators of self-regulation including effort/importance, perceived pressure, and relatedness were
found to have a more salient impact on the behaviour, whereby drivers who reported high levels
of internalised regulatory processes were less likely to use a hand-held phone while driving.
Novelty and improvement: These results provide a novel contribution to understanding road rule
compliance and have important implications for both theory and practice. For example, it can be
suggested that legal countermeasures need to be improved, while non-legal countermeasures that
target internalisation is a promising avenue for future research.
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1. Introduction
1.1. Background

Mobile phones have become increasingly integrated into everyday lives and subsequently, the use of a mobile phone has become
more common while driving. Despite efforts to reduce the use of a hand-held phone while driving, this behaviour remains a pervasive
problem worldwide. Fatalities and injuries as a result of distracted driving have been increasing in driving jurisdictions, such as
Australia (Queensland Government, 2021a), the United States (U.S. Department of Transport, 2020) and India (Government of India,
2020). Using a hand-held phone for activities such as texting while driving has been demonstrated to significantly deteriorate driving
performance, resulting in a higher crash risk (Oviedo-Trespalacios, Haque, King, & Washington, 2016; Dingus et al., 2016). Further,
hand-held phone use while driving has also been shown to increase variations in lane position, increase reaction time and result in
poorer speed control (Oviedo-Trespalacios et al., 2016, Ortiz-Peregrina et al., 2020). The risk and prevalence of hand-held use while
driving highlights the need to continue working towards the prevention of this risky behaviour.

An important psychological factor to consider in the prevention of phone use while driving is how drivers regulate their behaviour.
Recent research has identified that self-regulation can contribute to reduced engagement in risky and non-compliant driving be-
haviours (Mills, Watson-Brown, Freeman, Truelove, & Davey, 2021; Watson-Brown, Scott-Parker, & Senserrick, 2019, Watson-Brown,
Senserrick, et al., 2021), with self-regulating behaviour suggested to be specifically influential in engagement in phone use while
driving (Onate-Vega, Oviedo-Trespalacios, & King, 2020; Oviedo-Trespalacios et al., 2019a; Senserrick, Oviedo-Trespalacios, &
McDonald, 2021). Self-regulation is defined as having the capacity to control one’s emotions, motivations, and behaviours in response
to changes in the environment and in pursuit of personal goals (Vink et al., 2020). Those who have higher levels of self-regulation can
be considered to be more internally regulated, which is a central construct of self-determination theory. Specifically, internalisation of
regulatory processes, as informed by self-determination theory, is linked to engagement in positive behaviours that can be sustained
long-term (Deci & Ryan, 2012; Ng et al., 2012). Considering the ongoing issue of engagement in the risky behaviour of phone use while
driving, it can be suggested that the application of self-determination theory to phone use while driving is an important area to
examine, especially as internal regulation is connected to long term, as opposed to short term behaviour change. However, when
considering the application of internal regulation to phone use while driving, it is important to acknowledge that this behaviour also
occurs in the context of external forces of legal sanctions, which can lead to individuals’ engagement in this behaviour being externally
regulated (i.e., where behaviour is contingent on an external punishment). Indeed, external regulation concerns any form of perceived
punishment or reward, such as feelings of guilt for engaging in non-compliant behaviour or a vehicle alert tone when, for example,
speeding or not wearing a seatbelt. When examining the impact of the external factors of legal sanctions on phone use while driving,
deterrence theory can be considered the most appropriate way to measure this, as this well-established theory is based on the idea that
an individual will not commit an offence when they perceive that the costs associated with offending (i.e., the legal sanction) out-
weighs the benefits of doing so (Becker, 1968; Zimring & Hawkins, 1973).

Importantly, regulation exists on a continuum. As such, it is possible that some drivers may be primarily externally regulated (e.g.,
influenced by legal sanctions), some may be primarily internally regulated (e.g., influenced by their internalisation of self-regulatory
processes for safe driving behaviour, regardless of the legal sanctions), and some may be regulated by a mixture of both internal and
external regulation for phone use while driving. Indeed, previous research has suggested that driving behaviours, given the necessity to
follow road rules (external regulation when the safety value is not understood) are most likely guided by a combination of external and
internal regulatory processes (Watson-Brown, Senserrick, et al., 2021). In recent updates to self-determination theory, Ryan and Deci
(2020) acknowledge the co-existence of external and internal regulation given individuals are influenced by multiple factors that
change over time, which is particularly relevant to driving. This suggests that context (personal and road environment) is influential
and, only when perceived by the driver to be autonomy-supportive, the key element of self-determination theory (Deci & Ryan, 2012),
internal regulation will ensue. Research has suggested that learner driver training that focuses on the value of road rules via teaching
techniques suggested by self-determination theory could develop internal regulation prior to independent driving (Watson-Brown,
Scott-Parker, et al., 2021). Notably, external regulation has been demonstrated to only lead to short-term behaviour change. This study
will examine the impact of both internal regulation (via self-determination theory) and external regulation within the current envi-
ronment of existing legal sanctions (via deterrence theory) for phone use while driving, as this has the potential to increase our un-
derstanding of what contributes to this behaviour and may be used to guide future countermeasures. The following sections outline the
application of these theories to phone use while driving in more detail.

2. Internal regulation and phone use while driving guided by self-determination theory

Self-determination theory guides an understanding of external and internal regulatory processes that are associated with behav-
iours. Indeed, internal regulatory processes are associated with positive behaviour that can be sustained in the long-term (Ng et al.,
2012). Internalisation, or self-regulation associated with specific behaviours, signifies positive behaviours that are aligned with an
individual’s personal goals and values. For example, research has shown that individuals who engage in occasional drug use refrained
from drug driving when they valued compliant driving behaviours (Mills et al., 2021). Self-determination theory (SDT) guides an
understanding of the development of internalisation that can influence specific behaviours with recent research applying SDT to
engagement in safe and compliant driving behaviours (e.g., Reeve, Ryan, Deci, & Jang, 2008; Watson-Brown et al., 2019; Watson-
Brown, Senserrick, et al., 2021). Given that SDT suggests a framework for developing positive behaviours, the research that has
applied SDT to driving behaviours has examined safe driving as both compliant driving behaviour and safe driving choices. SDT
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suggests internalisation of self-regulatory processes associated with engagement in safe driving behaviours, such as refraining from
using a mobile phone while driving, is determined by personal values of safety.

Specifically, SDT suggests internalisation of self-regulatory processes is developed when three basic psychological needs are
perceived to be satisfied within a specific context: autonomy (perception of free will in decision making), competence (perceived
ability to engage in a targeted behaviour), and relatedness (a sense of connectedness to others while engaging in the behaviour) (Deci &
Ryan, 2012). In the context of mobile phone use while driving, an individual refrains when the safe choice is perceived to be free from
pressure, is valued by others, and the driver feels capable of driving without using their phone. Pressure thwarts autonomy and an
individual who is pressured feels their behaviour is controlled (Deci & Ryan, 2012). Pressure while driving can be attributed to
multiple sources, however, given the construct is perceived pressure, feelings of tension and anxiety represent this construct (Center for
Self-Determination Theory, 2022). Previous research has shown that the predominant factors influencing engagement in safe driving
practices is the lack of pressure and a high level of importance placed on safe driving (Watson-Brown et al., 2019, Watson-Brown,
Senserrick, et al., 2021). An important facet of SDT is that when an individual perceives these needs as met, internalisation ensues.

Internalised regulation will be more likely when a) compliance is perceived to be important and encourages effortful good and safe
driving, b) compliance and safety are perceived as a choice, c) the individual’s social networks value safety and road rule compliance,
and d) the driver is content to comply with road rules and make safe driving decisions regardless of pressures from other drivers, police
presence, community opinions etcetera. Limited driving research has applied SDT, yet there is preliminary support that ‘internal-
isation’ is important to safe driving behaviours and a lack of internalisation contributes to a large proportion of engagement in risky
and non-compliant driving behaviours (Watson-Brown et al., 2019, Watson-Brown, Senserrick, et al., 2021). Consequently, it can be
suggested that self-determination theory has predictive utility for phone use while driving.

3. External regulation and phone use while driving guided by deterrence theory

In the current driving environment, legal sanctions for phone use while driving exist in most jurisdictions worldwide. When
considering the impact of internalised regulation on phone use while driving, it can be considered an oversight to ignore this context,
as drivers may also be externally regulated by this external threat of punishment. To understand the impact of these sanctions on phone
use while driving, it is important to consider deterrence theory (that legal enforcement and punishment is based on), which states that
a potential offender will only be deterred if there is a high perceived certainty of being apprehended for the offence, and if the penalty
is perceived to be severe and delivered swiftly (Beccaria, 1764/2007; Bentham, 1780/1970). It is the objective of police forces to deter
the public from engaging in offending behaviour. Importantly, the effectiveness of deterrence is dependent on how people perceive the
certainty of apprehension and severity and swiftness of punishment, therefore, individuals need to be aware of the threat of pun-
ishment in order to be effectively deterred (Andenaes, 1974; Piquero, Paternoster, Pogarsky, & Loughran, 2011). In the case of the
present research, we believe that knowledge about the road rules and punishment concerning mobile phone use while driving is well
known in the Australian community as it is one of the risky driving behaviours that has been the focus of extensive educational
campaigns and policy initiatives. Previous research by Oviedo-Trespalacios et al. (2017) also suggests that Australian drivers have high
awareness of the road rules targeting mobile phone use while driving. Initial investigations that have applied classical deterrence
theory to phone use while driving have found that the perceived certainty of apprehension, and the severity and swiftness of pun-
ishment were not significant deterrents for illegal phone use while driving in both Victoria, Australia (Kaviani, Young, Robards, &
Koppel, 2020) and for Snapchat while driving in Queensland, Australia (Truelove, Freeman, & Davey, 2019). Similarly, certainty of
apprehension was not a significant predictor of engagement in reading messages while driving (both general and concealed
engagement in the behaviour) in Queensland, Australia (Truelove et al., 2021a). These results suggest that at the time of those studies,
drivers’ perceptions of being caught and punished for using their phone while driving were low and ultimately had limited effec-
tiveness in creating a salient deterrent effect. Meanwhile, the non-significant swiftness of punishment result is consistent in road safety
research (e.g., Fleiter, Lennon, & Watson, 2010; Freeman, Szogi, Truelove, & Vingilis, 2016), most likely due to the large time period
(usually a couple of weeks) between receiving an infringement notice and being required to pay the fine. However, it should be
acknowledged that non-significant deterrence results do not mean that deterrence does prevent behaviour. Instead, non-significant
results signify that the legal sanctions being examined in the studies are not at a sufficient level to be a significant deterrent for the
behaviour and need improvement (Homel, 1988; Gibbs, 1979; Piquero et al., 2011; Zimring & Hawkins, 1973). Notably, the chances of
being caught using a phone while driving and the severity of punishment have increased recently. In Queensland, Australia, (where
this study took place), trials for cameras that capture phone use while driving were implemented in July 2020 and the punishment
increased from a $400 fine and 3 demerit points to a $1000 fine and 4 demerit points. During the trial period, drivers caught by a
camera for phone use while driving only received a warning, while drivers caught by police officers may have still received the penalty,
based on the police officer’s discretion. Preliminary research suggested that self-reported phone use while driving decreased after these
cameras were implemented (Truelove, Watson-Brown, Parker, Freeman, & Davey, 2021b). However, this finding was suggested as a
result of a decrease in phone use while driving behaviour and cannot be definitively attributed to the implementation of the cameras.
Notably, deterrence theory has yet to be applied to these changes in the legal countermeasures.

Importantly, the non-significant certainty of apprehension and severity of punishment results for phone use while driving may be
explained by variables within the reconceptualised deterrence theory by Stafford and Warr (1993). This theory includes four variables
(direct punishment, direct punishment avoidance, indirect punishment and indirect punishment avoidance) and states that experi-
ences with punishment and the avoidance of punishment influences offending behaviour. For example, if a driver engages in phone use
while driving yet avoids being caught and punished, they are more likely to continue engaging in this behaviour (direct punishment
avoidance). Similarly, if a driver knows of friends or family who use their phone while driving and are not caught and punished for that
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behaviour, based on the reconceptualised deterrence theory it can be suggested that the driver is more likely to engage in phone use
while driving themselves (indirect punishment avoidance). Meanwhile, if a driver is caught and punished for illegally using their
phone while driving (direct punishment), or they know of someone who has been caught and punished for this behaviour (indirect
punishment), it is suggested that they will be less likely to engage in that behaviour. In relation to phone use while driving, this theory
has only been applied to the use of Snapchat while driving (Truelove et al., 2019) and the individual variable of punishment avoidance
has been applied to concealed and general reading messages while driving (Truelove et al., 2021a). It was found that experiencing
direct punishment avoidance had the most prominent impact on engagement in these phone use while driving behaviours, whereby
drivers who experienced more punishment avoidance were significantly more likely to continue engaging in the behaviour. In relation
to the non-significant certainty of apprehension result for phone use while driving in previous research, it can be suggested that drivers
were engaging in the behaviour and avoiding being detected (i.e., experiencing punishment avoidance) which resulted in the lower
perceptions of certainty of apprehension and consequently, the non-significant result for certainty. The non-significant severity of
punishment result in previous research may also be related to low perceptions of certainty of apprehension. Deterrence literature has
suggested that the perceived severity of punishment may only be an effective deterrent if there is a high perceived certainty of being
caught (Homel, 1988; Nagin, Solow, & Lum, 2015; Piquero et al., 2011). For example, if a driver does not believe they will be caught if
they were to use their phone while driving, then the punishment is unlikely to be a deterrent, regardless of how severe it is.

Recent research has also shown that legal countermeasures alone do not necessarily create a sustained or effective deterrent effect
due to issues such as concealed phone use (Truelove et al., 2021a) and difficulties enforcing penalties experienced by police (Rudisill,
Baus, & Jarrett, 2019). Indeed, legal countermeasures in deterring drivers from illegally using their phone while driving have limited
effectiveness (Truelove et al., 2021a). However, there is a gap in the research on the effectiveness of legal countermeasures applied to
phone use while driving behaviour more generally (especially the application of the reconceptualised deterrence theory), and after the
increase of both the severity of the punishment (the $1000 fine and 4 demerit points) and certainty of being apprehended (the
implementation of cameras that capture phone use while driving).

4. The present study

This research examines mobile phone use while driving through the lens of SDT to determine the relevance of self-regulation to
engagement in phone use while driving, over and above the effect of deterrence factors. Without this information, our knowledge on
factors influencing mobile phone distracted driving will be limited to external regulation such as police enforcement and legal
sanctions, with no consideration for personal factors such as self-regulation. Importantly, the integration of deterrence and self-
determination theories provides an innovative examination of phone use while driving, allowing an understanding of internal and
external influences. Research on prevention of mobile phone use while driving lacks a more theoretically informed investigation of the
role of self-regulation at a cognitive level.

To address the gap in the literature, this research aimed to examine the impact of both external and internal influences on
engagement in hand-held phone use while driving. Classical deterrence theory and Stafford and Warr (1993) reconceptualised
deterrence theory will be used to obtain a comprehensive understanding of the external influences, while self-determination theory
informs a measure of perceived needs satisfaction to understand the impact of internal influences on mobile phone use while driving.
Two research questions were developed to address this aim:

1) How do legal sanctions influence engagement in phone use while driving?
2) Does internalisation of self-regulatory processes at a cognitive level influence engagement in phone use while driving?

5. Method
5.1. Participants

A sample of 1,138 Queensland drivers took part in the online survey. A total of 272 responses were deleted due to missing data on
key variables, leaving a sample size of 866. Participants were aged between 17 and 82 years (M = 37.51 years, SD = 17.23). Par-
ticipants included 392 (45.3%) males and 472 (54.4%) females. Further, 35 participants (4.04%) had received at least one
infringement (Range = 0-5) for using a mobile phone while driving. Due to the small number of participants who had received an
infringement, this variable was not included in subsequent analyses.

5.2. Materials
The study formed part of a larger project examining self-regulation and deterrence factors that influence road rule compliance for
both speeding and phone use while driving, with this study focussing on phone use while driving. A survey was designed to capture

self-regulation variables, deterrence variables and engagement in the offending behaviours, as outlined below.

5.2.1. Demographics
Demographic information regarding age, gender, previous infringement history was included in the survey.

283



V. Truelove et al. Transportation Research Part F: Psychology and Behaviour 93 (2023) 280-293

5.2.2. Engagement in phone use while driving

Rule compliance for hand-held phone use while driving was measured with the average of 6 items tapping into the most prominent
components of phone use while driving behaviours, including reading text messages, sending text messages, talking on a hand-held
phone, using social media and general hand-held phone use while driving. Including this range of phone use while driving behav-
iours is more comprehensive in capturing engagement in the behaviour. The full set of questions are included in the appendix. Re-
sponses were recorded on a 6-point Likert scale (1 = never, 6 = daily) and had good reliability, o = 0.89. The measurement was based
on previous research (Saunders, Aasland, Babor, de la Fuente, & Grant, 1993). Further, as additional items on engagement in phone use
while driving were developed for this study, an exploratory factor analysis (EFA) using principal components with a VARIMAX rotation
was conducted. The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.896, indicating good factorability, and Bartlett’s test of
sphericity was significant at p <.001. The diagonals of the anti-image correlation matrix were all above 0.5 and the communalities
were all over 0.3, suggesting each item shared some common variance with other items. The EFA produced a one-factor structure
explaining 63.18% of the variance in engagement in mobile phone use while driving via the seven items, with factor loadings ranging
from 0.345 to 0.812.

5.2.3. Internalisation of self-regulatory processes for reduced engagement in mobile phone use while driving

A 10-item adapted version of the Intrinsic Motivation Inventory (IMI; Center for Self-Determination Theory, 2022.), based on self-
determination theory, was used to measure the internalisation of regulatory processes in the context of engagement in mobile phone
use while driving. The scale assesses four indicators of internalisation; effort/importance (e.g., I make an effort not to use my mobile
phone while driving; a = 0.728), perceived choice (e.g., I believe I have a choice whether I use my mobile phone while driving; one
item variable), relatedness (e.g., The people I value don’t use their mobile phone while driving; a« = 0.701) and pressure/tension (e.g., I
feel tense when I can’t use my mobile phone while driving; « = 0.737). Effort/importance is an overarching indicator of internalisation
suggesting value of the behaviour, whereas perceived choice (positive predictor of internalisation), relatedness, and pressure/tension
(negative predictor of internalisation) are indicators that have been shown to predict internalisation (Center for Self-Determination
Theory, 2022). Participants rated how true each statement was on a 7-point scale (1 = not true at all, 7 = very true). These mea-
sures have been adapted to phone use while driving based on previous research that has applied the IMI to driving behaviour (Mills
et al., 2021; Watson-Brown et al., 2019; Watson-Brown, Senserrick, et al., 2021).

A higher score indicated greater internalisation for all predictors except pressure/tension which is a negative predictor, and a lower
score indicated greater internalisation.

5.2.4. Deterrence related variables

The classical deterrence variables were measured using items based on previous road safety deterrence research (Armstrong,
Watling, & Davey, 2018; Freeman & Watson, 2009; Truelove et al., 2019), measured on a 7-point Likert scale (1 = strongly disagree, 7
= strongly agree). Two items were averaged to measure the perceived certainty of apprehension for phone use while driving, with good
internal reliability, a = 0.922. One item measured general certainty (The chances of getting caught for using a hand-held phone while
driving are high) and the other measuring personal certainty (If I were to use a hand-held phone while driving, I think the chance I
would be caught is high). Severity of punishment was also measured with the average of two items, consisting of “I won't use a hand-
held phone while driving because I don’t want to get a fine” and “I won’t use a hand-held phone while driving because I don’t want to lose points
from my licence”. This variable had good internal reliability, « = 0.946.

For the reconceptualised deterrence theory factors, each variable was determined by a single item measure based on previous road
safety research (Freeman, Kaye, Truelove, & Davey, 2017; Truelove et al., 2019). Direct punishment was measured using an open-
ended question; “How many times have you received an infringement(s) notice (e.g. ticket) for using a hand-held phone while driving?”
Direct and indirect punishment avoidance, and indirect punishment were measured on a 7-point Likert scale (1 = strongly disagree, 7
= strongly agree) using statements such as “My friends or family have been caught and punished for using a hand-held phone while driving”.

5.3. Procedure

Ethical approval was obtained from University of the Sunshine Coast Human Research Ethics Committee (approval number:
A201408). Participants were recruited via social media advertising and university recruitment. Participants provided responses to the
measures described above, which took an average of 20 min to complete. Following the completion of the survey, participants were
given the option to enter a prize draw to win one of ten $50 gift cards. Data was collected between August 2020 and February 2021.

5.4. Data analysis

First, means and standard deviation were reported to understand the extent of engagement in phone use while driving behaviour, as
well as perceptions towards the external and internal variables of interest. For a more in-depth understanding of the participants, the
frequency of phone use while driving for the demographic variables (age and gender) was also analysed via cross-tabulation. To
address the research aim, correlations and a hierarchical linear regression were conducted. Correlations (using Pearson’s r) were
examined to understand the linear relationship between variables. A hierarchical linear regression analysis was conducted in order to
determine the contribution of both external influences (based on deterrence theory) and internal factors (based on SDT’s indicators of
internalisation) on engagement in mobile phone use while driving. As the demographic variables age and gender were significantly
correlated to mobile phone use while driving, they were entered in Step 1 as control variables. The deterrence variables (from classical
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Table 1

Cross-tabulation between age, gender and self-reported engagement in illegal phone use while driving.

Frequency of phone use while driving % (n)

Never (1) Never to Once (1.14 to Once to a couple or a few times a year A couple or a few times a year to Monthly to weekly Weekly to daily Daily

1.86) (2 to 2.86) monthly (3-3.86) (4-4.86) (5-5.71) (6)

Gender Male 45.41% 28.32% (111) 13.52% (53) 6.12% (24) 3.83% (15) 2.3% 0.51%
(178) 9 2
Female  43.86% 31.36% 13.35% 8.47% 2.33% 0.64% 0%
(207) (148) (63) (40) 11 [©)) ()]

Age group 17-25 39.02% 33.77% 12.46% 10.16% 2.95% 1.31% 0.33%
(years) (119) (103) (38) [€28) (©)] (€] @
26-39 32.56% 30.7% 20.47% 10.7% 3.72% 1.86% 0%
(70) (66) (44) (23) ® @ 0

40-59 47.51% 28.51% 14.03% 3.62% 4.07% 1.81% 0.45%
(105) (63) (€29)] [C)) 9 4 @
60+ 73.39% 22.58% 2.42% 1.61% 0% 0% 0%
91 (28) 3) ) ) 0) 0

Note. Age was grouped into categories for ease of interpretation of this table based on previous research (Kaviani et al., 2020). As the variable for frequency of engagement in phone use while driving was
the average of 7 items, the scores reported in this table for this variable is the sum of scores in the range reported in each heading. Separate groups were created for scores of 1 (never) and 1.14 to 1.86
(never to once) to distinguish between participants who reported never engaging in the behaviour compared to those who reported engaging in the behaviour at some point.

ID 32 240]9N4], ‘A
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Table 2

Means, standard deviations, and correlations.
Variable M (SD) 1 2
1. Phone Use 1.67 (0.98) -
2. Age 37.51 (17.23) —0.19%* -
3. Gender N/A —0.03 —0.19**
4. Certainty of Apprehension 4.79 (1.74) -0.16%* —0.02
5. Severity of Punishment 5.83 (1.49) —0.17** —0.04
6. Direct Punishment Avoidance 2.04 (1.69) 0.67** —0.24**
7. Indirect Punishment 2.31 (1.71) 0.16%* 0.00
8. Indirect Punishment Avoidance 2.98 (1.94) 0.27%* —0.09*
9. Perceived Pressure 1.66 (1.06) 0.52%* —0.13**
10. Effort & Importance 5.80 (1.45) —0.40%* 0.10%
11. Relatedness 3.28 (1.68) —0.28** —0.03
12. Perceived Choice 5.59 (1.76) 0.07* —0.08*

0.22%*
0.09*

—-0.01
—0.00

0.06
0.06
0.17**
0.13**
0.01

7
0.19%* -
0.40%* 0.46**
0.46** 0.11*
—0.38** —0.11%*
—0.20** -0.11*
0.09* —0.01

Note. Gender was dummy coded such that O = males and 1 = females. *p <.05.

**p <.01.
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Table 3
Summary of hierarchical regression analysis for variables predicting mobile phone use while driving (n = 827)".
Variable Step 1 Step 2 Step 3
i B SE sr® Adj.R* B B SE s’ Adj.R? R? B B SE st Adj.R? R?
Change Change

Demographic
Age —-0.202"" —0.011 0.002 0.039 —0.041 —0.002 0.002 0.002 —0.035 —0.002 0.001 0.001
Gender —0.077* —0.152 0.068 0.058 —0.018 —0.036 0.054 0.000 —0.013 —0.025 0.050 0.000
Deterrence Factors
Certainty of —0.038 —0.021 0.016 0.001 —0.019 —0.011 0.015 0.000

Apprehension
Severity of punishment —0.048 —0.032 0.019 0.002 —0.007 —0.004 0.018 0.000
Direct Punishment 0.637** 0.371 0.017 0.317 0.465"" 0.271 0.018 0.130

Avoidance
Indirect Punishment 0.046 0.027 0.017 0.002 0.034 0.019 0.016 0.001
Indirect Punishment —-0.016 —0.008 0.016 0.000 —0.032 —0.016 0.015 0.001

Avoidance
Internalisation Factors
Perceived Pressure 0.274" 0.259  0.025  0.059
Effort & Importance —0.112”  —0.076  0.019  0.009
Relatedness -0.107"  —0.063 0.016  0.009
Perceived Choice 0.036 0.020 0.014  0.001

0.038** 0.443** 0.407 0.531** 0.090

*p <.05. ** p <. 001.

! When the internalisation factors were instead entered in step 2 and the deterrence variables were entered in step 3, the R? change for step 2 was 0.359 while the R? change for step 3 was 0.147. The only
individual predictor that changed in significance when internalisation was entered in step 2 (as opposed to step 3) was perceived choice, which became a significant predictor. All remaining significant and

non-significant predictors remained the same.
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deterrence theory and the reconceptualised deterrence theory) were entered into step 2, as this theory is more well-established in
relation to phone use while driving. Finally, the internalisation factors were entered into step 3. Entering the internalisation factors
into step 3 also allows an understanding of the impact of these variables on behaviour after controlling for the impact of the external
legal factors in the current driving environment. All statistical assumptions were met.

6. Results
6.1. Self-reported mobile phone use

Results from self-reported mobile phone use indicated 56% of the sample have previously engaged in mobile phone use while
driving. The average mobile phone use while driving was 1.67 (SD = 0.98), representing “never” to “once” on a 7-point Likert scale.
Table 1 presents the frequency of engagement in phone use while driving by age and gender.

6.2. Correlations

Table 2 presents the means, standard deviations and correlations of the demographic variables, external and internal variables, and
engagement in phone use while driving.

6.3. Predictors of mobile phone use while driving

A hierarchical multiple linear regression was conducted to analyse the impact of demographic variables, external influences (based
on deterrence theory) and internal factors (based on SDT’s indicators of internalisation) on engagement in mobile phone use while
driving (see Table 3). Step 1 included the demographic variables of age and gender and was statistically significant, F (2, 827) =17.57,
p <.001 with an adjusted R? of 0.038. Age was a significant negative predictor, indicating that younger drivers were more likely to
engage in illegal hand-held phone use while driving, p = -0.202, p < 0.001, sr? = 0.039. Gender was also a significant predictor. Gender
was dummy coded such that 0 = males and 1 = females. Therefore, this result means that males were significantly more likely to
engage in illegal phone use while driving compared to females.

Step 2, with the inclusion of the deterrence variables, was also statistically significant, F (7, 822) = 95.05, p <.001, with an R? of
0.447 and adjusted R? of 0.443. Only direct punishment avoidance was a significant predictor in step 2, p = 0.637, p < 0.001, sr? =
0.371, indicating that avoiding being caught for phone use while driving significantly reinforces the continued engagement in the
behaviour. The deterrence factors were able to explain an additional 40.7% of the variance, adjusted R? = 0.443.

Step 3, with the additional inclusion of the internalisation factors, was also statistically significant, F (11, 818) = 86.39, p <.001, R?
= 0.537, adjusted R? = 0.531. For the internalisation factors, perceived pressure was a significant predictor of mobile phone use while
driving, p = 0.274, p <.001, sr? = 0.059, suggesting that social pressures to access the phone while driving influences engagement in
mobile phone use while driving. Both effort/importance (p = —0.112, p <.001, sr®> = 0.009) and relatedness (§ = -0.107, p <.001, sr> =
0.009) were significant negative predictors of mobile phone use while driving. Effort and importance is an overarching indicator of
internalised regulatory processes and the significance of this variable suggests the value of compliant behavioural choices is a positive
influence on mobile phone use while driving. Similarly, relatedness, or the values and behaviours of friends and important others also
reinforces compliance. Perceived choice was not a significant predictor of mobile phone use while driving. The internalisation factors
explained an additional 9 % of the variance, adjusted R? = 0.531.

7. Discussion

This study is the first to examine how both external and internal factors influence engagement in hand-held phone use while
driving, utilising measures of 1) deterrence and 2) internalisation of regulatory processes based on self-determination theory. The
demographic variables showed that young drivers were more likely to engage in phone use while driving, consistent with previous
research (Ismeik, Al-Kaisy, & Al-Ansari, 2015; Oviedo-Trespalacios et al., 2016). It was also found that males were more likely to use
their phone while driving. Previous research has found females were more likely to use their phone while driving (Kaviani et al., 2020;
Truelove et al., 2021a), therefore it may be suggested that the rates of this behaviour are increasing among males.

Overall, the findings illustrate there is an absence in external influences (legal enforcement and sanctions) that is impacting
engagement in phone use while driving. Specifically, the variable direct punishment avoidance was a significant predictor, demon-
strating that engaging in the behaviour and not being caught encouraged more frequent offending behaviour. Meanwhile, the
perceived certainty of apprehension and severity of punishment were not significant deterrents for phone use while driving. This
demonstrates that it is the absence of legal sanctions, as opposed to their presence, that is impacting offending behaviour. Considering
avoiding punishment has such a large impact on illegal phone use while driving, it can be suggested that lowering drivers experiences
with avoiding punishment through increased enforcement practices may enable external factors to have a larger impact on influencing
less frequent engagement in the behaviour. Meanwhile, internal influences were found to have an additional impact on phone use
while driving behaviour. Drivers who reported high levels of internalisation in the context of mobile phone use were less likely to
engage in hand-held phone use while driving. Given that it has been suggested internalisation of self-regulatory factors can promote
long-term behaviour change (Ng et al., 2012; in this case, more sustained road rule compliance), this can be considered an encouraging
result for road safety. The finding that participants have found ways to avoid being penalised for phone use while driving reflects the
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importance of interventions that target the development of internalisation of regulatory processes for phone use while driving. That is,
internal factors are salient in the absence of perceived enforcement. A challenge from targeting self-regulatory factors is that the
development of internalised regulatory processes for phone use while driving may be difficult across different groups of drivers as there
has been limited research on effective interventions targeting internalised regulatory processes. This poses an opportunity to intervene,
employing innovative approaches to reach the diversity of those who use their phone while driving. Importantly, continued research is
suggested to investigate whether internalisation fluctuates in response to the dynamic driving environment. Given these circum-
stances, enforcement as an external regulating force remains an important element in reducing non-compliant driving behaviours, but
further research should explore the possibility of an interaction between legal and personal factors for mobile phone use while driving
prevention.

During the time in which this study was conducted, a mobile phone detection camera trial was in place. As this was a trial period,
those who were caught using a hand-held phone by the camera would receive a warning, rather than an infringement notice (those
caught by police officers could still receive an infringement notice; Queensland Government, 2021b). This study demonstrated that
both drivers’ perceived certainty of being apprehended and perceived severity of punishment were not significant deterrents for phone
use while driving during this time. These non-significant results are consistent with previous research that has applied classical
deterrence theory to phone use while driving (Kaviani et al., 2020; Truelove et al., 2019). However, in the previous studies, drivers
could only be caught by police enforcement, while in this study, the mobile phone detection cameras were also in place. It may be
suggested that the non-significant results are due to the trial period. In particular, the non-significant severity of punishment result can
be explained by drivers not receiving a punishment if they are caught via the cameras. Further, as the mobile phone detection cameras
were in a trial period, it is possible that not as many people would be aware that they could be caught by them, in comparison to when
the cameras have been in place for a longer period of time. Future research is required to examine the deterrent impact of the mobile
phone detection cameras after the trial period has ended and drivers receive an infringement notice when they are caught for the
offence. Notably, it should also be acknowledged that preliminary research has suggested that engagement in phone use while driving
has decreased since the mobile phone detection cameras and higher fines were implemented in Queensland (Truelove, Watson-Brown,
Parker, Freeman, & Davey, 2021b). Therefore, this may indicate that, despite the non-significance of legal deterrents in this study,
phone use while driving may still be decreasing. Future research is needed to explore this in more detail. Importantly, the long-term
impact of increasing fines on the development of a self-regulated safety orientation towards phone use while driving will be key.

The only significant predictor of phone use while driving from Stafford and Warr’s reconceptualised deterrence variables was
punishment avoidance, where drivers who had previously used their phone while driving and had not been caught were more likely to
continue engaging in the behaviour. This result can also help explain the non-significant certainty of apprehension result, as drivers
may be frequently avoiding punishment, resulting in low perceptions of certainty of being caught. It may be suggested that there needs
to be more mobile phone detection cameras and increased police enforcement to maximise the impact of legal countermeasures,
especially as the perceived certainty of being apprehended for an offence has been demonstrated to be the most important component
of deterrence (Homel, 1988; Nagin et al., 2015; Piquero et al., 2011). Self-determination theory posits that for some behaviours, both
internal and external regulation is important. For driving behaviours in general, this is being realised (e.g., Watson-Brown, Senserrick,
etal., 2021). Previous research has also identified that drivers frequently engage in concealed phone use while driving (Gauld, Lewis,
& White, 2014; (Truelove et al., 2021a), which can limit the effectiveness of police enforcement and contribute to their experiences
with punishment avoidance. Specifically, it has been suggested that high penalties have counteractively influenced more drivers to
conceal this behaviour in an effort to avoid being caught and punished for the offence (Truelove et al., 2021a). Further, this highlights
the complexity of this driving behaviour and suggests that mobile phone use, without the complication of the driving context, can be a
problem for some individuals. Research has shown younger people are more likely to misuse their phone (in line with the findings of
this study), with younger participants reporting greater engagement in phone use while driving (e.g., Thomée, Harenstam, & Hagberg,
2011). Concealed mobile phone use has been found to increase handheld mobile phone use while driving (Oviedo-Trespalacios, 2018).
It has been suggested that phone detection cameras may be able to capture drivers’ efforts to conceal their phone while driving
(Truelove et al., 2021a), however drivers may be engaging in this behaviour in areas where the cameras are not located. Nowadays
drivers can also have real time access to locations of police enforcement cameras and other forms of road policing operations through
their mapping applications and/or social media (Mills, Truelove, Freeman, & Davey, 2022).

It is also noteworthy that indirect punishment (i.e. knowing others who have been caught and punished for phone use while
driving) was not a significant deterrent in this study, yet was a significant deterrent in a previous study for Snapchat use while driving
(Truelove et al., 2019). It is important to note that the study by Truelove et al. (2019) only looked at young drivers aged between 17
and 25 years, while this study looked at drivers across all age ranges. Therefore, it may be suggested that 1) young drivers discuss their
experiences with receiving a phone use while driving penalty more so than older drivers, or 2) other drivers’ experiences of pun-
ishment are less influential on drivers of a wider age than for younger drivers, resulting in the non-significant indirect punishment
result for this study. It may also highlight the importance of individual elements in phone use while driving as more critical than the
outcomes of others’ behaviours.

While legal sanctions were demonstrated to have limited impact on hand-held phone use while driving, this study identified that
after controlling for demographics and external influences (via deterrence theory), internal influences were able to predict less
frequent engagement in phone use while driving. It should be acknowledged that the internal influences may have a lower variance in
the model because the deterrence factors were entered first. Specifically, three of the four factors from the measure of internalisation
based on SDT, significantly predicted engagement in the behaviour. The small variance explained by the SDT factors also reinforces
that there are additional personal elements that need to be explored in future research that contribute to the complexity of phone use
while driving. Although the variance accounted for over and above deterrence was limited, these findings suggest the importance of
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the social context of driving and the need to develop countermeasures that support individual drivers’ perceived autonomy,
competence, and relatedness. This means that drivers who are faced with the opportunity to engage in phone use while driving are
more likely to engage in the safe option when their social context values the choice not to use a phone while driving. Driver training
and media campaigns can influence the social context targeting distinct groups of phone users to develop the perceived support for
individuals’ autonomy, competence, and relatedness (e.g., Watson-Brown, Scott-Parker, et al., 2021). Furthermore, the small incre-
ment in variance accounted for over deterrence factors supports the need for continued deterrence countermeasures. However, im-
provements to these countermeasures could be better aligned to the ideas of SDT that focus on drivers’ goals and values around
compliance and safety.

Perceived pressure or tension was the largest contributing factor of the internalisation variables to engagement in mobile phone use
while driving, suggesting that this behaviour is complex. Social pressures to engage in phone use are presented as overarching to the
engagement in phone use while driving. This has been confirmed in prior research that identified that individuals that have developed
maladaptive relationships with their phones such as nomophobia, addiction or fear-of-missing-out also tend to use their phone more
while driving (Oviedo-Trespalacios et al., 2019; Nguyen-Phuoc, Oviedo-Trespalacios, Su, Gruyter, & Nguyen, 2020; Rahmillah, Tariq,
King, & Oviedo-Trespalacios, 2023). Indeed, the influence of peers and the ‘fear of missing out’, irrespective of the drivers’ age, can
influence the temptation to use a phone while driving (e.g., Elhai, Levine, Dvorak, & Hall, 2016). As with many risky and non-
compliant driving behaviours, it is most likely that mobile phone use while driving is influenced by elements beyond the vehicle
and immediate road environment. Similar to learner driver training that suggests the importance of self-reflection, particularly for
young novice drivers (Hatakka, Keskinen, Gregersen, Glad, & Hernetkoski, 2002; Watson-Brown, 2020), and having insight into
emotions that arise prior to and during a trip, so too is it critical that training addresses self-identification of the maladaptive at-
tachments to the mobile that may lead to risky phone use while driving.

Relatedness and the perceived values of close contacts was also found to influence engagement in phone use while driving. There is
accumulating evidence regarding the impact of close contacts on driving behaviours (e.g., Mills et al., 2021), irrespective of age, albeit
youth driving behaviours are known to be more vulnerable to the influence of their peers (e.g., Scott-Parker, Watson, King, & Hyde,
2014). The results reinforce this knowledge with younger participant drivers found to be more likely to engage in mobile phone use
while driving. This finding may in turn impact on the results that pressure and relatedness were most influential to engagement in
phone use while driving. However, these internalisation indicators were still significant when age was controlled for. An important
finding was that effort/importance was a significant predictor of phone use while driving. This factor is a key indicator of internal-
isation of regulatory processes for phone use while driving. This finding suggests that a driver who tries not to use their phone while
driving and values this as a safe behaviour is more likely to be compliant in the long-term (Ng et al., 2012). This also means that,
regardless of police officer or detection camera presence, it is most likely that a driver with internalised regulatory processes for phone
use while driving would not be concerned with the level of enforcement.

Perceived choice as an internalisation indicator that intends to measure the level of autonomy in deciding to use a phone while
driving was not a significant predictor of engagement in phone use while driving. A potential explanation for this finding is that not all
phone use activities are self-initiated by the drivers and in some cases phone interactions are initiated externally (Oviedo-Trespalacios
et al., 2020ab). For example, some drivers can be reacting by impulse to unexpected notifications or an in-coming call that interrupts
the driving task. Arguably, this lack of choice could explain the lack of association between perceived choice construct and mobile
phone use while driving. Additionally, another potential reason for this could be the validity and reliability of the perceived choice
construct. Despite changes made to items to improve the reliability of the self-regulation scale, future work is needed to improve the
psychometric properties of the scale (Watson-Brown et al., 2019, Watson-Brown, Senserrick, et al., 2021). In future application of the
items developed to measure perceived choice, it is recommended that there is a clear delineation of the meaning of ‘choice’ in phone
use while driving, with items reflecting this understanding. Additional items could also be a solution to the ambiguity of the current
measure. Moreover, this finding may correspond to the notion of drivers perceived pressure to use their phone due to maladaptive
relationships (Rahmillah et al., 2023), meaning the interpretation of choice could have been that there is a lack of autonomy in the
decision to engage when mobile phone use represents pressure to engage.

Regardless of certainty and severity not being significant predictors of phone use while driving, effort and importance was
correlated with severity, suggesting the perception of the form of punishment for non-compliance may be important to the effort and/
or value placed on phone use. Relatedness was also found to be associated with severity and certainty, with this finding possibly
explained by close contacts having verbalised their opinion on policing and punishment. This may influence drivers’ perception of
what is valued by close contacts. Importantly, pressure (+), relatedness (-) and effort (-) were all found to correlate with direct
punishment avoidance which reflects the idea that greater external regulation discounts the level of internalisation. It is necessary for
further research to examine this potentially important finding that concerns understanding regulatory processes in the context of
enforcement and driving.

8. Limitations and future directions

While this study provides a unique contribution to the phone use while driving literature, there are limitations that need to be
acknowledged. First, this study consisted of a self-report survey, therefore factors such as reporting or recall bias need to be considered.
Social desirability bias needs to be acknowledged, whereby participants may answer questions in a way to look more favourable
(Rosenman, Tennekoon, & Hill, 2011), such as reporting using their phone while driving less frequently than their actual engagement
in the behaviour. However, a study by Taubman-Ben-Ari et al. (2016) identified similar results in risky driving behaviour between a
self-report survey and a driving simulator, suggesting that self-report surveys may be a reliable measure of risky driving behaviour.
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Nevertheless, self-report measures are not completely flawless in regard to bias. Further, participants were recruited primarily from
regional and metropolitan areas in Queensland, Australia and may not be representative of the whole population. Queensland have one
of the toughest road rules on driver distraction in the country. Future research is needed to apply these internal and external factors to
phone use while driving internationally. Given the increasing use of technology in vehicles, such as the use of Apple CarPlay and
Android Auto, there is a need to focus on the development of a self-regulated safety orientation more generally that will apply to in-
vehicle technology use. Drivers can take advantage of many vehicles features to engage in risky driving behaviours and distracted
driving (Oviedo-Trespalacios and Scott-Parker, 2018, Oviedo-Trespalacios et al., 2019¢). The application of internal regulatory pro-
cesses via self-determination theory used in this study provides a starting point for future research in this area. Future research should
also consider the application of perceived legitimacy of the law and more broadly, procedural justice theory (Bates, Hassan, Soderlind,
& McLean, 2022) to this model, as how drivers perceive the law and the way in which they are treated by authorities may also impact
the way they regulate their behaviour. In addition, future research should also consider factors such as using a phone for work purposes
while driving (Costantini, Ceschi, & Oviedo-Trespalacios, 2022, 2020b) and other psychosocial variables such as difficulty dis-
connecting from the phone or addiction (Rahmillah et al., 2023).

9. Conclusion

The present manuscript investigates external and internal influences on mobile phone use while driving. The overall findings
suggested that mobile phone use while driving is a complex behaviour requiring countermeasures that focus on a whole system rather
than one solution in isolation. Specifically, external and internal influences on the driver should be considered to reduce dangerous
mobile phone use (e.g., police-based deterrence and self-regulation). The effectiveness of police-based countermeasures for mobile
phone use while driving appears to be limited yet have potential to prevent phone use while driving through external regulation by
decreasing experiences with punishment avoidance and increasing individual’s perceived chances of being caught for the offence.
Meanwhile, higher internal regulation was demonstrated to impact less frequent phone use while driving. As such, it suggested that
countermeasures that further promote this type of regulation is a promising avenue to consider. This is a crucial finding as policy-based
approaches have been one of the main countermeasures for mobile phone use while driving. This research also provides support that
both external and internal regulation can exist together. Notably, it is suggested that regulation in the driving environment is context
dependent. Both types of regulation need to be considered to prevent phone use while driving, especially considering that regulation
exits on a continuum, rather than being simply external or internal. To conclude, it is recommended from these findings that a
combination of person-centred factors and enforcement are considered for greater effectiveness in improving drivers’ non-compliant
mobile phone use while driving behaviours. Thus, the key implication of this manuscript for policy and practice is that a human-
centred approach should be considered for road safety, where road policing should be part of multi-faceted intervention with in-
puts of both law enforcement and the psychosocial environment of a driver.
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Table A1
Items used to Measure Engagement in Phone use while Driving.

Items

How often do you use a mobile phone while driving that is not hands-free?
How often do you use your mobile phone to read a message while driving?
How often would you check your mobile phone if you receive an alert while driving?
How often do you send text messages while driving?
How often do you use social media on your phone while driving?
How often would continually look at the phone for more than two seconds while driving?
How often do you talk on a hand-held phone while driving?

o= 0.89
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