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ARTICLE INFO ABSTRACT
Keywords: Technological advances can provide an opportunity to reduce road traffic crashes.Intelligent
Intelligent Speed Assistance Speed Assistance (ISA) is one technology that is increasingly available in modern vehicles. The

Theory of Planned Behaviour
Advanced Driver Assistance System
Randomised Controlled Trial (RCT)
Online Intervention

full realisation of ISA’s safety potential is contingent upon the extent to which drivers choose to
drive with the system turned on. Based on the theory of planned behaviour, we designed a brief
online intervention (comprising a leaflet and animation) to strengthen intention to use ISA that
could be presented to drivers when purchasing an ISA enabled vehicle. A randomised controlled
trial with a sample of 1029 participants showed that the intervention had a small-to-medium
sized effect in strengthening intention to use ISA in drivers who do not have ISA installed in
the vehicle they usually drive compared to those in an active control condition. This effect
remained significant one week and one month after the intervention. Further analysis revealed
that the effect of the intervention was partially mediated by attitudes toward ISA use, under-
pinned by changes in in behavioural beliefs about the advantages and disadvantages of turning
ISA on. The results support the use of our freely available intervention to encourage drivers to
voluntarily turn ISA on when purchasing an ISAenabled vehicle.

1. Introduction

Reducing road traffic crashes is a key public health target. Across the European Union (EU) over 20,000 people are killed and more
than one million injured on the road every year (EC, European Commission, 2024). Speed is a leading contributory factor for fatal road
traffic crashes (RTCs) in Europe (EC, European Commission, 2024). One fifth of RTCs resulting in a fatality involve a vehicle travelling
over the speed limit (DfT, Department for Transport, 2023), with a 1 % increase in mean speeds estimated to increase fatal crash risk by
4 % (WHO, World Health Organisation, 2023). Intelligent Speed Assistance (ISA) is a technology designed to support drivers to
maintain a legal speed. ISA has been identified as a promising speed management intervention (Global Road Safety Partnership, In-
ternational Federation of Red Cross and Red Crescent Societies, 2023) and presents a “unique opportunity to save thousands of lives”
(ETSC, European Transport Safety Council, 2019, p.38). Recent EU legislation has mandated the installation of ISA for new vehicle
models from 2022 onwards (Regulation (EU) 2019/2144, c.f. PACTS, 2023).

There are two main versions of ISA: an advisory system which displays the current speed limit and provides an audiovisual warning
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if the limit is exceeded, which is the minimum requirement in the EU legislation; and, an intervening system that automatically reduces
vehicle speed if the limit is exceed, with drivers having an option to override (Lai & Carsten, 2012). While fitment of an advisory or an
intervening ISA has been modelled to reduce injury crashes, intervening ISA has been modelled to have substantially greater potential
to reduce injury crashes (Lai et al., 2012) and is the focus of the current study. Voluntary use of ISA systems requires that drivers turn
on ISA and keep it on while driving to maximise its road safety potential. However, 30 % of drivers with ISA-enabled vehicles reporting
almost never using the system (Tsapi et al., 2020). Therefore, interventions are required that increase drivers’ intention to turn ISA on
in order to optimise voluntary ISA use.

Intervention development and implementation is enhanced by the application of theory and allows better understanding of the
mechanisms of change that underpin effective interventions (Michie & Prestwich, 2010). The theory of planned behaviour (TPB; Azjen,
2011) is one such theory that can be used to guide intervention development. According to the TPB, intention is the proximal
determinant of behaviour. Intention, in turn, is determined by three core constructs. Attitude is the extent someone appraises a
behaviour positively or negatively, subjective norms refer to the extent to which someone perceives pressure from others to perform
the behaviour, and perceived behavioural control (PBC) is the degree to which someone considers the behaviour to be under their
control and easy or difficult to perform (Ajzen, 1991). According to the TPB, attitudes are based in turn upon behavioural beliefs about
the consequences of performing the behaviour, subjective norms are underpinned by normative beliefs about how significant others
perceive the behaviour, and PBC depends upon control beliefs regarding inhibitor and facilitators of the behaviour (Ajzen, 1990). A
meta-analysis of over 200 articles found the TPB to explain 37 %-51 % of variance in intentions and 14 %-24 % of variance in behaviour
across a range of different health behaviours (McEachan et al., 2011). Furthermore, online TPB based interventions have been found to
result in small-to-medium sized changes in health-related behaviour (Webb et al., 2010). The TPB has been used to explain variance in
a range of driving intentions and behaviours, including speeding (e.g., Armitage et al., 2022; Warner and Aberg, 2006). Recently the
TPB framework has been extended to explain intentions to use ADAS (e.g., Rahman et al., 2018), including ISA (Ozkan et al., 2024;
Rowe et al., 2021). Ozkan et al. (2024) showed that attitudes significantly predicted intentions to use ISA and to override ISA, with the
latter replicating work by Rowe et al (2021) which found that attitudes, but not subjective norms or PBC, predicted overriding in-
tentions. The TPB has also been used to evaluate road safety interventions aimed at both drivers (e.g., Elliot et al., 2003) and pre-
drivers (e.g., Box & Dorn, 2023; Poulter & McKenna, 2010), including an intervention aiming to promote speed limit compliance
which was designed on the basis of the TPB (Elliott & Armitage, 2009).

Based on preparatory research by Day et al (2023) and Ozkan et al (2024), we developed an intervention designed to encourage
drivers to turn intervening ISA on. We focussed on turning ISA on, rather than overriding ISA, because few UK drivers currently have
ISA installed in their vehicle. Therefore, designing an intervention that can be presented to motorists when they buy their first ISA-
enabled vehicle offers an opportunity to encourage usage before habits are formed. In addition, our previous TPB modelling
(Ozkan et al., 2024) explained a larger proportion of variance in intentions to turn ISA on than to override ISA (76 % vs. 59 %
respectively), indicating that modifying the identified beliefs may have a greater impact on intentions to turn ISA on than on overriding
intentions.

We designed our intervention to target the beliefs that explained variance in intention to turn ISA on in our previous work (Ozkan
et al., 2024). Behavioural (i.e., perceived advantages and disadvantages of ISA) and control (i.e., perceived facilitators and inhibitors)
beliefs were predictive of intention to turn on ISA. Identified behavioural beliefs included turning ISA on helping one to keep within
speed limits and avoid speeding penalties and fines. Identified negative beliefs included the control beliefs that using ISA would reduce
driver control and be restrictive. These results guided the development of our intervention to focus on strengthening beliefs about the
advantages and facilitatory control beliefs relating to turning ISA on, and providing counterarguments to beliefs about disadvantages
and inhibitory control beliefs, such as highlighting that the availability of an override option means that the driver remains in control.
Support for highlighting the override option in the intervention message was also provided in our previous qualitative studies (Day
et al., 2023; Day et al., 2024).

We aimed to evaluate the extent to which drivers who do not currently have ISA would be encouraged to use it after engaging with
our intervention. We measured the shorter- and longer-term effects of the intervention by conducting immediate, one-week and one-
month post-intervention follow-up evaluations of drivers’ intention to turn ISA on when they imagined driving an ISA-enabled vehicle.
We were also interested in the mechanisms that underlie any observed change in intentions. Therefore, we also assessed the effect of
the intervention on attitudes, behavioural beliefs and control beliefs targeted in the intervention immediately after the intervention
was presented.

We hypothesised that participants in the intervention condition will report stronger intentions to turn ISA on than participants in an
active control condition immediately after viewing the ISA intervention, as well as one week and one month later. We also predicted
that participants in the intervention condition will report more positive attitudes, behavioural beliefs and control beliefs relating to
turning ISA on than participants in the active control condition. We also hypothesised that any effect of the intervention on intentions
immediately after, one week after, and one month after viewing the ISA intervention would be mediated by changes in attitudes, and
that the effect of the intervention on attitudes immediately after the intervention would be mediated by changes in underlying
behavioural beliefs.

2. Method
2.1. Participants and design
We designed our study to be able to detect a small effect size (d = 0.20) on the basis that small effects can have clinical significance
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for health behaviours (Carey et al., 2023). Power calculations conducted using G*Power (Faul et al., 2007) showed a sample size of
1084 would provide 95 % power to detect such an effect at p < 0.05. Participants were recruited via the Prolific online recruitment
platform (https://www.prolific.com/) and paid at the Prolific recommended rate of £9.00/hour. Prolific has been shown to return
higher quality responses than other large scale participant recruitment platforms (Douglas et al., 2023). We screened 1602 potential
participants and identified 1268 who did not have ISA in the vehicle that they usually drive. These drivers were invited to the main
study, with a total of 1029 drivers taking part and successfully completing an initial test to confirm their audio-visual system was
working, meaning the final sample was slightly below target. There were 528 (51 %) drivers in the intervention condition and 501 (49
%) drivers in the active control condition in the evaluation immediately after the intervention (see Table 1 for descriptive statistics).
There were 518 and 480 drivers in the intervention and active control conditions, respectively, at one-week follow up, and 493 and 458
drivers in the intervention and active control conditions, respectively, at one-month follow-up. The overall attrition rate was 7.59 %
(see Fig. 1 for CONSORT flow diagram).

A randomised controlled trial (RCT) was employed to evaluate the online intervention with participants randomly allocated to
conditions by the Qualtrics platform (https://www.qualtrics.com) which hosted all intervention and evaluation materials. Participants
provided informed consent and the study was approved by the Research Ethics Committee of the University of Greenwich (ref: UREB/
23.2.6.i.g). The study design, sampling plan, variables, and analysis plan were pre-registered with the Open Science Framework
(https://osf.io/5nbdv/), where anonymised datasets have also been deposited.1

2.2. Materials and procedure

2.2.1. Intervention condition materials

The intervention condition comprised a leaflet and short animated video. The content aimed to strengthen intentions to turn ISA on
by bolstering positive beliefs and to provide alternative perspectives on negative beliefs as informed by our previous work (Day et al.,
2023; Ozkan et al., 2024). The overarching theme of ISA giving drivers peace of mind was adopted based on it having the strongest
correlation with intention to turn ISA on (r = 0.64) in our previous study (Ozkan et al., 2024). A brief for creating the leaflet and
animated video was provided to a UK advertising agency, VCCP Stoke Academy (https://vcepstoke.com/), who commissioned an
animation company, Carse & Waterman (https://carseandwaterman.com/) to produce the intervention materials through an iterative
process of feedback and revisions of draft materials. Two one-hour online feedback sessions were conducted with stakeholders (N = 9)
including representatives from local government, government agencies, road safety charities, insurance companies, and the tech-
nology sector, and a small sample of drivers (N = 20) who were recruited via Prolific and viewed a draft leaflet and video online. The
leaflet design was revised on the basis of feedback (e.g., reducing the amount of text, and making the graphics more appealing), with
minor changes made to the video voiceover (see Section A of Supplementary Materials for further details on the production process for
intervention materials). Links to freely access, download and use the intervention leaflet and animation are in the Appendix.

2.2.2. Active control condition materials

Participants in the active control condition viewed a brief leaflet and video on a non-ISA related driving topic — encouraging drivers
to check their car’s oil level. Materials were obtained from publicly available road safety campaigns produced by THINK! the UK
government’s producer of road safety education resources (https://www.think.gov.uk/campaign/vehicle-safety-checks/). The leaflet
and video on checking oil levels were similar in format and length to the corresponding intervention materials. While the content of the
materials used was not related to ISA, participants in the active control condition received general information on ISA (also presented
to participants in the intervention condition) as part of the instructions for completing the questionnaire so that they understood what
ISA is.

2.3. Measures

2.3.1. Screening questionnaire

The screening questionnaire asked participants a brief set of questions to check whether ISA was installed in their vehicles. Par-
ticipants were asked to report the number of years since they passed their driving test and their average weekly mileage. They were
also asked whether they have an ISA system fitted to the car they drive most often.

! There were five changes from the pre-registered details: A. The pre-registered power calculations were stated to be for an effect size of d = 0.50
rather than 0.20 due to a typo. The pre-registration stated a target sample size stated of 1084, which is the sample size required for an effect of d =
0.20; B. We hypothesised that the effect of the intervention on attitudes would be mediated by changes in underlying behavioural and control beliefs
but only behavioural beliefs were included in the mediation analysis as the TPB posits that attitudes are based on behavioural beliefs and not control
beliefs; C. The pre-registered analysis plan included running independent t-test to compare group differences at each time point as post-hoc multiple
comparison tests for analysis presented in Section 3.2. ANCOVA analysis in Section 3.2 compares group differences at each time point as well as
including sex as a covariate, so independent t-test are presented in Section C of Supplementary Materials instead; D. We added items to measure
perceived legitimacy of legislation regarding ISA to the one-month follow-up data collection after the study had been pre-registered. Therefore,
analysis of perceived legitimacy was exploratory in nature (see Section D of Supplementary Materials for details). E. We ran exploratory analysis to
explore any moderating effect of age on intentions, attitudes and beliefs in response to an anonymous reviewer’s comment (see Section C of
Supplementary Materials for details).
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Table 1
Demographic and driving experience characteristics of participants in the intervention and control conditions. Means (and standard deviations) are
shown unless otherwise stated.

Variable Condition n M SD Test statistic

Age (years) Control 498 43.45 13.14 t(1019) = 0.12p = 0.91
Intervention 523 43.33 13.61

Sex (% female) Control 500 59.60 % X2(1) = 0.003p = 0.96
Intervention 527 59.77 %

Experience (years since passing test) Control 501 21.86 13.67 t (1027) = 1.05p = 0.29
Intervention 528 20.95 14.16

Exposure (weekly mileage)” Control 499 114.83 148.47 t (1021) = 0.39p = 0.70
Intervention 524 110.89 172.13

@ Self-reported weekly mileage showed extreme violations of normality, as is usually the case. Average mileage values 3500+, equivalent to driving
over 8 h a day at 60mph for 7 days, were excluded from analysis (n = 5). Analysis with and without these values produced the same pattern of results,
as did alternatives such as windsorising and log-transforming values, and simple (BCa) bootstrapping, so unadjusted means for mileage without
outliers are reported for ease of understanding.

2.3.2. Beliefs, attitudes and intentions items

We used items developed in a previous study (Ozkan et al., 2024) to measure the behavioural and control beliefs that were targeted
in the intervention. For behavioural beliefs, advantages of turning ISA on were evaluated using eight items (e.g., ‘Turning on ISA would
help me to keep within the speed limits’), and disadvantages were assessed using five items (e.g., ‘Turning on ISA would reduce the amount of
control I have while driving the car’). The extent to which participants agreed with each item was rated on a seven-point Likert-type scale
(1 = ‘Unlikely’, 7 = ‘Likely’). Five items measured control beliefs that reflect reasons that facilitated turning ISA on (e.g., ‘Presence of
speed cameras would make me more likely to turn on ISA’) and two items were used to reflect reasons that inhibit turning ISA on (e.g.,
‘Driving in familiar areas would make me less likely to turn on ISA’) on a seven point Likert-type scale (1 = ‘Less likely’, 7 = ‘More likely’).
Behavioural beliefs and control beliefs were measured immediately after the intervention only. See Tables 2 and 3 for a full list of
items.

Attitudes towards turning on ISA were also measured immediately after the intervention only. Following Ozkan et al. (2024), we
used two semantic differential items asking whether turning ISA on would be good/bad and positive/negative (¢ = 0.95), on seven-
point Likert-type scales, with higher scores representing more positive attitudes.

Intention to turn on ISA was measured as the mean of two items: (1) ‘How likely would you be to turn on ISA?’; and (2) ‘I would be
likely to turn on ISA’ measured on a seven point Likert-type scale (1 = ‘Not at all likely’, 7 = ‘Very likely’), with higher scores representing
stronger intention to turn ISA on. Intentions were measured immediately after the intervention (a = 0.98), one-week (a« = 0.99) and
one-month (a = 1.00) after the intervention.

2.3.3. Checking oil level items

For participants in the active control condition only, attitudes to checking vehicle oil were also measured using ratings of two
semantic differential items asking whether checking the oil would be good/bad and positive/negative (measured on a seven-point
Likert-type scale). Intentions to check the oil in their vehicle were measured as the mean score of two items: (1) ‘How likely would
you be to check the oil in your car?’; and (2) ‘I would be likely to check the oil in my car’ measured on a Likert-type scale (1 = ‘Not at all
likely’, 7 = ‘Very likely’). These items were included so that participants in the active control condition were not confused by viewing
materials on oil checks and then immediately answering unrelated questions about ISA. Responses to these items were not analysed as
they were irrelevant to hypotheses.

2.4. Analysis

Descriptive statistics for participants’ age, sex, weekly mileage and years since gaining their licence were computed. Intention
means at each timepoint were compared across conditions using a one-way between-participants Analysis of Covariance (ANCOVA),
with sex as a covariate, using IBM SPSS Statistics (Version 29). Sex was included as a covariate in analyses with intention as the
outcome variable as it was identified as a significant predictor of intention to turn ISA on in our previous study (Ozkan et al., 2024),
with women reporting stronger intention to turn ISA on than men. Statistical comparisons of attitudes, and behavioural and control
belief items between the intervention condition and active control condition immediately after the intervention was presented were
conducted using independent t-tests. Effect sizes were computed using Cohen’s d with 95 % confidence intervals (Cls), with effect sizes
of 0.20, 0.50 and 0.80 considered to be small, medium and large respectively (Cohen, 1988). Analysis of intentions across the three
time points was conducted using a two-way mixed ANCOVA, with time as the repeated measures variable and sex as the covariate. An
exploratory simple effects analysis was also conducted separately for each group to understand the pattern of results for intentions over
the three time points (see earlier foonote regarding post-hoc independent t-tests comparing condition differences in intention at each of
the three time points). Finally, regression-based mediation analysis was run in SPSS using the PROCESS v4.3 macro (Hayes, 2022) to
test whether attitudes mediate the effect of the intervention on intention (Model 4, simple mediation, 5000 bootstraps) immediately
after the intervention, one week after the intervention and one month after the intervention, with sex included as a covariate. An
additional mediation analysis was run to test whether behavioural beliefs mediate the effect of the intervention on attitudes. Mean
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Mean (SD) individual behavioural belief ratings for participants in the active control (n = 500) and intervention (n = 528) conditions (scale 1=
‘unlikely’ to 7 = ‘likely’) with independent t-test statistics and effect size (d) with 95 % confidence intervals (95 % CI).

Turning on ISA would... Condition M SD t df P d 95 % CI
Advantages
... help me to drive at the appropriate speed on different roads (e. ~ Control 5.71 1.42 5.07 946.94 0<.001 0.32  0.20 to 0.44
g., motorways, urban roads) Intervention  6.12 1.12
... help me to keep within speed limits Control 6.11 1.13 2.13  1001.41 0.035 0.13  0.01 to 0.26
Intervention  6.26  1.02
.. give me peace of mind Control 4.54 1.82 7.25  980.28 0<.001 0.45  0.33 to 0.58
Intervention  5.30 1.55
.. help me to avoid speeding penalties and fines Control 6.02 1.31 1.52  996.87 0.128 0.10 -0.03to
0.22
Intervention  6.14 1.17
.. make driving more relaxing (e.g. less to focus on) Control 415 1.83 7.79  990.11 0<.001 0.49  0.36 to 0.61
Intervention  4.99 1.60
.. reduce the risk of an accident Control 4.65 1.77 7.77  969.69 0<.001 0.49  0.36 to 0.61
Intervention  5.44 1.46
.. be helpful when there are variable speed limits, (e.g. because of ~ Control 552  1.69 429 964.86 0<.001 0.27  0.15t00.39
road works) Intervention  5.94 1.38
.. reduce speeding through inattention Control 5.76  1.42 1.61 1026 0.107 0.10 -0.02to
0.22
Intervention ~ 5.90 1.39
Disadvantages
... be too restrictive Control 430 177 -10.24 1010.81 0<.001 -0.64 —-0.77 to
—0.52
Intervention  3.20 1.65
.. reduce the amount of control I have while driving the car Control 488 174 -13.57 1026 0<.001 -0.85 —0.97 to
-0.72
Intervention  3.42 1.72
.. lead to the car slowing down unexpectedly Control 4.84 1.65 —-6.16  1025.98  0<.001 —-0.38 —0.51to
—-0.26
Intervention  4.19 1.74
.. make me over-reliant on the system (e.g. complacent) Control 4.63 176 —4.01 1026 0<.001 —-0.25 —-0.37 to
—-0.13
Intervention  4.20 1.74
.. lead to me being less focused on driving Control 3.86 1.81 -5.66 1026 0<.001 —-0.35 —0.48to
-0.23
Intervention  3.24  1.72

scores for behavioural belief items for advantages and disadvantages of turning ISA, as identified in a previous factor analysis (Ozkan
et al., 2024), were used as mediators for the analysis (see Table 2 for list of advantages and disadvantages items).

3. Results

Relevant assumptions were checked for each test conducted. Comparison between conditions on demographic variables showed

Table 3

Mean (SD) individual control belief ratings for participants in the active control (n = 501) and intervention (n = 528) conditions (scale 1= ‘unlikely’ to
7 = ‘likely’) with independent t-test statistics and effect size (d) with 95 % confidence intervals (95 % CI).

... would make me less likely / more likely to turn on ISA Condition M SD t df p d 95 % CI

Facilitators

Presence of speed cameras... Control 5.91 1.42 2.81 987.06 0.005 0.18 0.05 to 0.30
Intervention 6.14 1.22

Driving on unfamiliar routes... Control 5.42 1.71 4.65 961.86 0<.001 0.29 0.17 to 0.41
Intervention 5.87 1.38

Having points on my licence... Control 5.65 1.69 1.53 1016.63 0.126 0.10 —0.03 to 0.22
Intervention 5.81 1.61

Variable speed limits (e.g. due to road works) Control 5.41 1.68 3.20 1013.75 0.001 0.20 0.08 to 0.32
Intervention 5.74 1.58

Driving on certain roads (e.g. on motorways, in urban areas)... Control 4.85 1.72 5.55 997.85 0<.001 0.35 0.22 to 0.47
Intervention 5.41 1.53

Inhibitors

Driving in familiar areas... Control 3.28 1.78 2.63 1027 0.009 0.16 0.04 to 0.29
Intervention 3.58 1.81

Driving on certain roads (e.g. quiet roads, in the countryside)... Control 3.85 1.86 4.62 1027 0<.001 0.29 0.17 to 0.41
Intervention 4.38 1.86
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potential non-normality. Analysis involving several outcome variables (attitudes; intentions immediately after intervention; intentions
one month after intervention) showed some evidence of heterogeneity of variance (Levene’s test: p < 0.05). However, bootstrapping
approaches that do not make assumptions regarding the distribution of the dependent variable yielded very similar results to standard
analytic approaches. Therefore, standard independent t-test and ANCOVA results are reported for simplicity.

Initial comparison of participant characteristics between the intervention and control conditions showed that there were no sig-
nificant differences in age, experience (years since passing their driving test), exposure (weekly mileage), or sex ratio (see Table 1).

3.1. Intervention effects on attitudes and beliefs immediately post-intervention

The intervention had a significant effect on attitudes immediately after the intervention (£(997.59) = 6.08, p < 0.001) with an effect
size of d = 0.38 (95 % CI = 0.26 to 0.50). Attitudes were significantly more positive for those in the intervention condition (M = 5.51,
SD = 1.42) compared to the control condition (M = 4.94, SD = 1.60).

Comparisons between the intervention condition and the active control condition on individual behavioural belief and control
belief items are presented in Tables 2 and 3 respectively. Participants in the intervention condition reported significantly more positive
beliefs regarding ISA relative to the control condition for all bar two of the behavioural belief items and all bar one of the control belief
items. The largest effects were observed for behavioural beliefs about disadvantages of turning ISA on (‘... reduce the amount of control I
have while driving the car’; ‘... be too restrictive’), with some small-sized effects also observed for behavioural beliefs about advantages of
turning ISA on (e.g., ‘... make driving more relaxing (e.g. less to focus on)’; ‘... reduce the risk of an accident’; ‘... give me peace of mind’) and
control beliefs about increasing the likelihood of turning ISA on (e.g., ‘Driving on certain roads (e.g., motorways, urban areas)’; ‘Driving on
unfamiliar roads’).”

3.2. Intervention effect on intentions at each time point

Intentions were significantly stronger for those in the intervention condition (M = 5.22, SD = 1.68) compared to the control
condition (M = 4.49, SD = 1.85) immediately post-intervention (F(1,1024) = 44.10, p < 0.001, d = 0.41), as well as at one week
(Intervention M = 4.83, SD = 1.75; Control M = 4.18, SD = 1.80, F(1,993) = 33.07, p < 0.001, d = 0.36) and one month (Intervention
M = 4.62, SD = 1.85; Control M = 4.08, SD = 1.94, F(1,947) = 19.68, p < 0.001, d = 0.29) follow-up. The covariate of sex was not
significant (p > 0.05) in any of the three ANCOVA.

3.3. Intervention effect on intentions across time points

Analysis of intention to turn ISA on between intervention and active control conditions over time revealed a significant main effect
of condition (F(1,931) = 34.81, p < 0.001), a significant main effect of time (F(1.94,1807.41) = 13.31, p < 0.001) and a significant
condition x time interaction (F(1.94,1807.41) = 3.79, p = 0.024). The covariate of sex was not significant (F(1,931) = 1.67, p = 0.20).
Overall, participants in the intervention condition had stronger intentions to turn on ISA than control condition participants, and
intentions declined over time. Exploratory simple effects analysis revealed the decrease in intention over time was significant for the
intervention condition (F(1.92,852.28) = 5.05, p = 0.007) with pairwise comparisons (Bonferroni correction) revealing significant
decreases in intention between all three time points (p < 0.001). A significant overall decrease in intention over time was also observed
for the active control condition (F(1.96,952.46) = 9.33, p < 0.001), with pairwise comparisons (Bonferroni correction) revealing a
significant decrease in intention from immediately after the intervention to one week later and one month later (both p < 0.001), but
no significant difference between one week and one month after the intervention (p = 0.478). The significant interaction and simple
effects analysis indicate that the decrease in intentions was more pronounced for the intervention condition than the active control
condition (see Fig. 2).

3.4. Mediation analyses

The predictor (condition), outcome (intention immediately after intervention) and mediator (attitudes) variables were all signif-
icantly positively correlated with each other (see Table 4). A mediation analysis to test whether attitudes mediate the effect of the
intervention (with sex as a covariate) revealed a significant total effect of condition on intention (B = 0.73, SE = 0.11, # = 0.41, t
(1024) = 6.64, p < 0.001), a significant direct effect of condition on intention (B = 0.14, SE = 0.05, = 0.08, t(1026) = 2.62, p = 0.009)
and a significant indirect effect of condition on intention via attitudes (B = 0.59, SE = 0.10, 95 %, CI = 0.40 to 0.78). These findings
therefore indicate that attitudes partially mediate the effect of the intervention of intention immediately after the intervention.

Analysis testing whether attitudes mediate the effect of the intervention on intention one week later (with sex as a covariate)
revealed a significant total effect of condition (B = 0.65, SE = 0.11, = 0.36, t(993) = 5.75, p < 0.001), a significant direct effect of
condition (B=0.18, SE =0.08, g = 0.01, t(992) = 2.27, p = 0.02) and a significant indirect effect of condition on intention at one week
via attitudes (B = 0.46, SE = 0.08, 95 %, CI = 0.31 to 0.62). This shows that attitudes partially mediate the effect of the intervention on
intention at one week.

2 planned exploratory analysis did not reveal any difference in the effect of condition on attitudes or beliefs or intentions for less and more
experienced drivers and for male and female drivers (see Section B of the Supplementary Materials).
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Fig. 2. Mean intention to turn ISA on at immediate post-intervention, one-week post-intervention and one-month post-intervention (scale 1= ‘not at
all likely’ to 7 = ‘very likely’) for participants in the intervention and active control conditions with 95% CI error bars (covariate of sex evaluated
at 1.40).

Table 4
Correlation coefficients for predictor variable (Condition), outcome variables (intention immediately, one week & one month after intervention,
attitudes), and mediator variables (attitudes, advantages and disadvantages) in mediation analyses.

1 2 3 4 5 6 7
1. Condition -
2. Intentions 0.202** -
3. Intentions one week 0.177** 0.776%* -
4. Intentions one month 0.142%* 0.717%* 0.783%* _
5. Attitudes 0.187** 0.888** 0.719%* 0.665** -
6. Advantages 0.203** 0.760** 0.634** 0.593** 0.796** -
7. Disadvantages —0.320%* —0.576** —0.478%* —0.423** —0.599** —0.493** -
**p < 0.01.

A similar pattern of results was observed when testing whether the effect of the intervention on intention at one month is mediated
by attitudes, with sex included as a covariate. A significant total effect of condition on intention at one month (B = 0.55, SE=0.12, f =
0.29, t(947) = 4.44, p < 0.001), a non-significant direct effect of condition on intention at one month (B = 0.06, SE = 0.09, # = 0.03, t
(946) = 0.60, p = 0.55) and a significant indirect effect of condition on intention at one month via attitudes (B = 0.49, SE = 0.08, 95 %,
CI = 0.33 to 0.65) were observed. This result indicate that attitudes fully mediate the effect of the intervention on intention at one
month.
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Finally, a mediation analysis testing whether behavioural beliefs mediate the effect of the intervention on attitudes revealed that
the total positive effect of condition on attitudes was significant (B = 0.57, SE = 0.09, # = 0.37, t(1027) = 6.10, p < 0.001). There was a
significant negative direct effect of condition on attitudes (B = —0.12, SE = 0.06, # = -0.08, t(1025) = -2.12, p = 0.03) and significant
positive indirect effects of condition on attitudes via perceived advantages (B = 0.41, SE = 0.07, 95 % CI = 0.28 to 0.55) and dis-
advantages (B = 0.28, SE = 0.03, 95 % CI = 0.22 to 0.35). These findings therefore indicate that behavioural beliefs partially mediate
the effect of the intervention of attitudes.

4. Discussion

This study aimed to test the effectiveness of a theory-based intervention promoting the use of ISA among drivers who do not
currently have ISA. Intervention content was designed to target key behavioural and control beliefs that were identified as correlates of
intention to turn ISA on in previous work (Ozkan et al., 2024). There were significant effects of the intervention on improving attitudes
to turning on ISA, as well as reinforcing positive beliefs and weakening negative beliefs about ISA. There was a significant effect of the
intervention on intentions to turn on ISA immediately after the intervention, which was maintained at one-week and one-month
follow-up, with participants in the intervention condition reporting significantly stronger intentions to use ISA than those in the
active control condition at all three time points. Mediation analysis revealed that the effect of condition on intention was partially
mediated by attitudes immediately after and one week after the intervention, and was fully mediated by attitudes one month after the
intervention. The effect of condition on attitudes was partially mediated by the behavioural beliefs of advantages and disadvantages of
turning ISA on. The residual direct effect of the intervention on attitudes was small, and in a negative direction. The negative direct
effect might be a statistical artefact (e.g., suppressor effect) given that the total indirect effect of the intervention on beliefs was
stronger than the total effect on attitudes.

Overall, the results show that the intervention was effective in strengthening positive attitudes and intentions to turn ISA on. Our
findings are similar to other TPB-based interventions that have been shown to positively change health behaviours (Webb et al., 2010),
including interventions designed to improve road safety-related intentions such as compliance with speed limits (Elliot & Armitage,
2009). The effect size we observed immediately after the intervention was smaller than the medium-sized change in intentions (d =
0.66) reported by a meta-analysis of 47 experimental tests of TPB-based interventions (Webb & Sheeran, 2006). Our evaluation
outcome focussed on intention, so it might be expected that the effects on behaviour might be smaller than those found in the current
study. For example, Webb and Sheeran (2006) found an effect size of d = 0.36 for intervention effects on behaviour in their review.
Nonetheless, small effects on behaviour can have significant public health implications, as demonstrated for interventions promoting
smoking cessation (West, 2007). Therefore, our intervention may have an important road safety impact when scaled up.

The intervention’s effect on intention to turn ISA on declined over time, although the relative difference between conditions
persisted across the three measurement points. The decrease is perhaps unsurprising given that participants only experienced a single
exposure to the leaflet and animated video, but it is notable that the effectiveness of this brief exposure was still evident one month
later. The immediate effect of the intervention supports its application at the time of purchasing an ISA enabled vehicle when there
would be an opportunity for a behavioural effect in a short timeframe. Currently, ISA may not be presented effectively during standard
sales service, and its use may even be discouraged (Tsapi et al., 2020). Future research should therefore investigate how salespeople
present ISA to customers at point of sale. Moreover, given that engagement with an intervention is a prerequisite for its effectiveness
(Yardley et al., 2016), future research should also explore ways in which engagement with the intervention materials can be maxi-
mised. If this intervention was delivered at the point of sale/delivery it might encourage initial ISA use which could become habitual
over time. Furthermore, repeated exposure to the intervention materials might increase the likelihood that drivers use ISA over a more
extended time period, with further research on any dose-effect relationship warranted.

The finding that active control condition participants’ intention to turn ISA on also decreased over time was unexpected. Partic-
ipants in the active control condition were necessarily provided with information about how ISA works so that they could meaningfully
complete their questionnaires regarding ISA. The descriptive information could potentially have strengthened positive beliefs about
ISA for example by implicitly communicating that using ISA has road safety benefits. For example, describing how ISA automatically
intervenes to slow a car down when the speed limit is exceeded aligns with some of the intervention content, such as helping to drive
within the limit or avoid speeding penalties and fines, and therefore could have initially increased intention to use ISA from a baseline
level before it reduced over time. The content in the active control group materials could also have influenced responses due to its
safety-related nature (checking oil levels). If this is the case, then our study may have under-estimated the effect of the intervention
relative to usual presentation of ISA in the real-world.

Using the TPB to design our intervention allowed us to investigate the mechanisms that underlie the observed change in intention
to use ISA. The intervention led to more positive attitudes towards turning ISA on compared to the active control condition. This was
expected given results of our previous work that identified attitudes as the most importance predictor of intention to use ISA (Ozkan
et al., 2024). Results also showed that the intervention had a positive effect on all but three of the behavioural and control beliefs that
were targeted, with the general finding that the intervention was more effective in challenging negative beliefs than reinforcing
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positive beliefs. There were stronger effects for negative behavioural belief items such as having ISA turned on meaning the driver has a
reduced amount of control over the car, and ISA being too restrictive, which suggests that content addressing the override function was
important to include. It was also beneficial to target positive beliefs about non-road safety benefits of ISA (e.g., peace of mind, relaxing
driving). The smaller effects seen for some of the positive beliefs might in part be due to a ceiling effect given these beliefs were highly
rated by participants in both conditions. Overall, our results provide insight into the processes that engender change in intention to
turn ISA on, indicating that changes in the targeted beliefs result in changes in attitude which in turn lead to changes in intention, with
most of the intervention effect on intention working through attitude change, and most of the intervention effect on attitudes working
through changing behavioural beliefs.

The work reported here had a number of strengths including a theory driven approach to intervention design, a randomised-active
control design and a large sample size. However, the results must be considered in the context of some limitations. We could not
determine which order of presenting the leaflet and video is optimal without having a counterbalanced presentation order. Future
research could also look at the effect of each media format in isolation to determine if one format leads to greater effects than the
another, or whether the linked leaflet and animated video combination is more effective than either format alone. Another limitation
was that drivers were answering questions about driving an imaginary vehicle fitted with ISA, rather than their own car. It is possible
that positive intentions to turn ISA on may not translate into actual use when driving a car fitted with ISA. However, this has the
strength of capturing the perspective of participants who might buy an ISA enabled car for the first time. The results presented here
provide justification for the expense involved in a trial of the intervention in motorists who have just purchased a vehicle with ISA. A
randomised controlled trial in car showrooms could investigate whether the presentation of intervention materials by car salespeople
at the point of sale, compared to service-as-usual, increases the likelihood of driving with ISA enabled. Finally, we did not ask par-
ticipants whether they subsequently experienced using ISA after taking part in the initial study which may have influenced responses in
the one week and one month follow up. It is likely that any experience would have been rare, given that the sample were selected not to
have ISA at the start of the study. It is likely that few bought ISA enabled vehicles during the study and any such experience would be
expected to influence both intervention and control groups. The largest effect was observed immediately after the intervention, before
any opportunity to experience ISA. Future longitudinal studies could monitor whether participants become familiar with ISA during
the course of the study to account for any effect this might have on responses.

5. Conclusions

Results of multiple analyses provide a range of support for the use of our intervention materials to encourage drivers to turn ISA.
This could help increase the likelihood of realising the full road safety potential of intervening ISA by encouraging its voluntary use.
The intervention led to a positive change in attitudes and beliefs about ISA and had a sustained effect on intention to use ISA over a one-
month period. Our intervention materials are freely available for use by the wider road safety community.
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Appendix A:. Intervention materials

ISA intervention leaflet.
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Your new car has Intelligent Speed Assistance (ISA)
fitted to it to give you peace of mind while driving...

This leaflet explains what it does and why it is useful.

What does ISA do?

ISA helps you keep within the speed limit. ISA uses GPS technology and an in-car camera to keep track of the

speed limit. If you exceed it, ISA automatically slows the vehicle until you are back under the limit. g—,
\30)
\ 557

But doesn’t that take control away from the driver?

ISA assists the driver. With ISA switched on you remain in control
as you can easily override it if you need to (e.g., to avoid a hazard).

“It's a great system. It really, really works.”

“It hasn't taken away [from] the driving experience or made it
[so] that it's out of my hands.”

What are the benefits of ISA?

Exceeding the speed limit increases your risk of a “If you do have an incident, then you're less likely to cause
crash. Using ISA to stay within the speed limit harm if you're travelling at 20mph than you are at 30mph.”
therefore reduces the risk of injuries for you, “It's a safety feature... that will keep you safe and keep
your passengers and other road-users. other people safe.”

ISA also reduces the chances of accidental
What else is speeding tickets by helping you to stay within
good about ISA? the speed limit. There are around two million “1 find it very convenient
speeding fines in England and Wales each year. Just to make sure I'm at
One reason drivers give for speeding is not the right speed.”
checking their speedometer frequently enough.

Drivers say that ISA gives
peace of mind.

ISA is really helpful when you might
speed without meaning to, such as on
motorways with variable speed limits,

“It just makes it just a lot more urban roads and unfamiliar roads.
pleasurable to drive.”

“It takes the worry out of
monitoring your speed.”

“l find that it is really useful if | drive on roads I'm
not used to... | find it quite difficult to know what
the speed limit is.”

Drivers also say ISA helps them to focus on other
2k ctetdivine Why not give ISA a go for peace of mind
and a safer journey?

“You've got a built-in safety net which allows you to

focus entirely on what is going on in front of you.” More information
about ISA can be
found here:

* Quotes taken from interviews conducted with drivers. Day, M., Norman, P., Poulter, D., Ozkan, 0., & Rowe, R. {pre-print). The Adoption and Application of Intelligent Speed
Assistance by Private Motorists: User and Non-User Perspectives. Available at SSRN: https://ssrn.com/abstract=4416109

Download the intervention leaflet here: https://drive.google.com/file/d/14XXRZXXQnLl _iDj3KgxTUTBprRKXGtpa/view.
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Download the intervention animation here: https://drive.google.com/file/d/1gfB5JscD8LfGe0IPXtlZ_1zQpYRJ_3ui/view.
Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.trf.2025.03.003.

Data availability
Data has been deposited on the Open Science Framework (https://osf.io/5nbdv/) with a link included in the manuscript
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