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a b s t r a c t

Eco-driving has well-known positive effects on fuel economy and greenhouse-gas
emissions. Moreover, eco-driving reduces road-traffic noise, which is a serious threat to
the health and well-being of many people. We investigated the psychological predictors
of the adoption of eco-driving from the perspective of road-traffic noise abatement. The
data came from 890 car drivers who participated in a longitudinal survey over four months.
Specifically, we tested the effects of the intention to prevent road-traffic noise, variables
derived from the theory of planned behavior (social norm, perceived behavioral control,
and attitude), and variables derived from the health action process approach (implementa-
tion intention, maintenance self-efficacy, and action control) on the intention to practice
eco-driving and on eco-driving behavior. The intention to prevent road-traffic noise was
not linked to the intention to practice eco-driving. The strongest predictors of the intention
to practice eco-driving were attitude and perceived behavioral control. The strongest pre-
dictor of eco-driving behavior was action control. The link between behavioral intention
and behavior was weak, indicating that drivers have difficulties putting their intention
to practice eco-driving into action. Therefore, intervention efforts should directly address
and support the transition from intention to behavior. This could be accomplished by pro-
viding reminders, which help to maintain behavioral intention, and by providing behavior
feedback, which helps car drivers to monitor their behavior.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Individual mobility in western countries is accompanied by undesired side effects on humans and the environment, such
as massive consumption of non-renewable energy coupled with the emission of greenhouse gases (in particular CO2), as well
as emissions of harmful road-traffic noise. A neglected measure for reducing CO2 emissions by saving fuel is the adoption of
eco-driving (Barkenbus, 2010). Eco-driving includes a driving style that is mainly characterized by anticipating traffic flow,
maintaining a steady speed at low revolutions per minute, and shifting up early (Ecodrive.org., 2013b). Eco-driving has
shown positive effects on fuel economy and greenhouse-gas emissions (e.g., Ericsson, 2001). Moreover, applying the
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principles of eco-driving may significantly reduce road-traffic noise. One reason for this is that the noise produced by the
engine is determined by the revolutions per minute (Eidgenoessische Materialpruefungs- und Forschungsanstalt, 1997).
For example, the engine noise of one car running at 4000 rev/min is equal to the noise produced by 32 cars running at
2000 rev/min (Ecodrive.org., 2013a).

Road-traffic noise is a serious, but often neglected, environmental problem. The WHO recommends maximum noise
levels of 55 dB(A) during daytime (World Health Organization, 1999) and 40 dB(A) during nighttime (World Health
Organization, 2009). By these standards, 50% of the Swiss population is exposed to harmful or annoying road-traffic noise
during the day and 78% at night (Swiss Federal Office for the Environment, 2014). Road-traffic noise is often combatted
by means of technical and infrastructural changes (e.g., noise protection walls), but they are inapplicable in some places
(e.g., due to lack of space or in town centers) and costly for municipalities. Consequently, road-traffic noise could be reduced
more effectively by complementing measures that focus on technical and infrastructural changes with measures that focus
on behavior change among car drivers (Vlek, 2005). Investigating factors that influence changes in motorists’ noise-relevant
behaviors (e.g., driving behavior) was the goal of a larger project on noise abatement (Schlachter et al., 2012), in which the
present study is embedded. Accordingly, in this study we examine eco-driving from a noise-prevention perspective, because
encouraging a shift in motorists’ driving behavior to eco-driving may be a promising noise-abatement measure.

The adoption of eco-driving by individuals has so far been studied mainly from an energy-saving perspective. Several
studies have documented the short-term and long-term impacts of eco-driving training (e.g., af Wåhlberg, 2007; Beusen
et al., 2009) and have evaluated the influence of after-driving and real-time feedback concerning driving style on an individ-
ual’s driving behavior (e.g., Barth & Boriboonsomsin, 2009; Ericsson, Larsson, & Brundell-Freij, 2006). In brief, intervention
studies showed positive short- and long-term effects of eco-driving training, but these effects shrink over time; some drivers
‘‘forget’’ what they learned during the intervention (e.g., af Wåhlberg, 2007; Beusen et al., 2009).

There are no studies investigating the psychological aspects of eco-driving implementation, and only few studies have
focused on motivation to practice eco-driving. Participants in a real-time intervention study showed a high motivation to
adopt eco-driving after the intervention (Boriboonsomsin, Barth, & Vu, 2011), and car drivers who participated in an online
survey assessed the adoption of eco-driving as easy (Delhomme, Cristea, & Paran, 2013). Another study showed, that the goal
of increasing road safety and the goal of saving fuel were found to be more closely related to components of eco-driving
(compliance with speed limits and time headways) than the goal of reducing air pollution (Cristea, Paran, & Delhomme,
2012). In a recent study, Schießl, Fricke, and Staubach (2013) identified three motives of drivers concerning their driving
style: a focus on time savings, a focus on the environment and on fuel consumption, and a focus on the possibility of chang-
ing one’s own driving behavior.

A broader understanding of the psychological mechanisms underlying either the intention to practice eco-driving or put-
ting this intention into practice might help to complement existing interventions with a view to overcoming the atrophy of
intervention effects. Furthermore, no studies have investigated the adoption of eco-driving from the perspective of noise
reduction. Therefore, the overall aim of this study was to gain insights into the process of eco-driving adoption in order
to understand how this process can be enhanced and how eco-driving can serve to reduce road-traffic noise.

We have pursued this aim by testing a model to explain the adoption of eco-driving based on psychological theories,
namely the theory of planned behavior (TPB; Ajzen, 1991; Fishbein & Ajzen, 2010) and the health action process approach
(HAPA; Schwarzer, 2008).

1.1. Theory of planned behavior

Driving behavior becomes automated through repetition, which means that the single actions of driving, such as changing
gears or navigating, are frequently conducted with no conscious decisions being made. To change their driving behavior, car
drivers have to change their automated behavior into deliberately controlled behavior – a process that requires considerable
effort. First of all, therefore, car drivers need to be motivated to change their driving behavior (i.e., they need to form an
intention to practice eco-driving), and second, they have to put this intention into practice. For the investigation of intention
formation the TPB (Ajzen, 1991; Fishbein & Ajzen, 2010), a theory that has frequently been used to investigate driving behav-
ior, seems most suitable.

The TPB is based on the assumption that individuals make rational decisions. In the TPB, behavioral intention constitutes
the motivational factor that influences behavior directly and that represents the effort individuals are willing to make in
order to perform a behavior. Moreover, the TPB claims that behavioral intention mediates the relations between behavior
and the three predictors attitude, perceived social norm, and perceived behavioral control.

Attitude represents the degree to which a person evaluates the behavior in question as favorable or unfavorable. Social
norm captures the perceived social expectations of relevant others to perform or not to perform the behavior in question.
Perceived behavioral control means the perceived ease or difficulty of performing the behavior in question. In addition to
its effect via intention, perceived behavioral control may also predict behavior directly.

To our knowledge, the TPB has not previously been used to investigate eco-driving, but there are numerous TPB-based
studies on other aspects of driving behavior. In particular, TPB is a suitable approach for predicting drivers’ intention to
comply with speed limits (Castanier, Deroche, & Woodman, 2013; Cristea, Paran, & Delhomme, 2013; Elliott, Armitage, &
Baughan, 2007; Parker, Manstead, Stradling, Reason, & Baxter, 1992) and self-reported speeding behavior (Castanier et al.,
2013; Cristea et al., 2013; Wallén Warner & Åberg, 2006) or observed speeding behavior (Elliott et al., 2007; Wallén
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Warner & Åberg, 2006). These studies found significant medium to large effects of behavioral intention on behavior, indicat-
ing that interventions fostering compliance with speed limits should focus on the predictors of behavioral intention.
Attitude, perceived behavioral control, and perceived social norms are reported as significant predictors of behavioral inten-
tion, each with small to medium effect sizes.

However, most of the studies on driving behavior used cross-sectional data; therefore, interpretations about the causal
directions of the effects from predictors on outcomes should be made with caution. Only a few studies used longitudinal
data, measuring the predictors of driving behavior on one measurement occasion and the behavior at a later point in time,
which allows for more reliable conclusions (Castanier et al., 2013; Elliott et al., 2007; Wallén Warner & Åberg, 2006).

1.2. Health action process approach

A difficulty with using only the TPB for designing interventions is that even strong behavioral intentions do not automat-
ically lead to the desired behavior (Webb & Sheeran, 2006), especially in the case of automated practices such as driving
style. Thus, enhancing only the intention to practice eco-driving might not have the desired behavior-change effect.
Identifying predictors that complement behavioral intention might help to design more effective interventions to foster
the regular practice of eco-driving. Unlike the TPB, which assumes that behavioral intentions lead directly to behavior,
the HAPA proposes to distinguish two processes in behavior change: the motivational and the volitional process
(Schwarzer, 2008). These two processes are influenced by different psychological predictors.

The motivational process consists in the formation of a behavioral intention. This intention to perform a certain behavior
is considered a first step toward behavior change in both the HAPA and the TPB. Moreover, both theories propose some kind
of evaluation of behavior as a predictor of behavioral intention. The HAPA proposes evaluation of the expected outcomes of
the behavior in question, while the TPB views such outcome expectations, and the values individuals ascribe to them, as pre-
cursors of attitudes. Both theories propose the appraisal of one’s own ability to perform the behavior in question as a second
predictor of behavioral intention. In the TPB, this appraisal is called ‘‘perceived behavioral control’’, in the HAPA it is referred
to as ‘‘task self-efficacy’’. Given that the HAPA has been developed for the investigation of health behavior, the perception of a
threat to one’s own health (risk perception) is conceived as a further factor influencing behavioral intention. The TPB pro-
vides no equivalent predictor. Conversely, in the TPB, social norm is a further predictor of intention, while the HAPA provides
no comparable construct.

The volitional process consists in putting the behavioral intention into practice. In applications of the HAPA several
predictors have been proposed that explain variance in behavior over and above behavioral intention. Among them are
implementation intention, maintenance self-efficacy, and action control. Implementation intention captures the plans of
when, where, and how to perform the behavior in question (e.g., Schwarzer et al., 2007; Sniehotta, Scholz, & Schwarzer,
2005). Maintenance self-efficacy stands for optimistic beliefs about one’s ability to deal with barriers on the way to estab-
lishing the behavior in question. Action control means active self-regulation, consisting of three dimensions: self-monitoring,
awareness of own standards, and self-regulatory effort (e.g., Scholz, Nagy, Göhner, Luszczynska, & Kliegel, 2009; Sniehotta
et al., 2005). Awareness of own standards represents the constant individual awareness of intentions concerning a specific
behavior. Self-monitoring is the constant observation of the behavioral intention put into practice. Self-regulatory effort
describes one’s own effort to reduce discrepancies between behavioral intentions and actual behavior.

The HAPA has frequently been used to explain behavior change in continuous and automated behaviors in health psychol-
ogy, such as smoking, nutrition behavior, or seat belt use (e.g., Scholz, Keller, & Perren, 2009; Scholz, Nagy, et al., 2009;
Schwarzer, 2008; Schwarzer et al., 2007; Sniehotta et al., 2005). So far, no studies investigating driving behavior have used
the HAPA. Moreover, only few studies have combined the TPB and the HAPA (e.g., Bamberg, 2013; Chow & Mullan, 2010;
Orbell et al., 2009).

1.3. The present study

In the present study, we used a combination of the TPB and the HAPA and longitudinal data to identify psychological
factors that explain the adoption of eco-driving (see Fig. 1). More specifically, we adopted the HAPA’s assumption that
two processes can be distinguished in behavior change, namely the process of creating the intention to perform
eco-driving and the process of putting this intention into practice. We used the predictors of the TPB to investigate behav-
ioral intention and the predictors of the HAPA to investigate the process of putting the intention into practice.

In more detail, we first assumed attitude, social norm, and perceived behavioral control to be predictors of the intention
to perform eco-driving. We made this assumption based on previous applications of the TPB to driving behavior (Elliott,
Armitage, & Baughan, 2003; Elliott et al., 2007; Forward, 2009; Parker et al., 1992; e.g., Wallén Warner & Åberg, 2006).
Because we were investigating eco-driving as a low-noise driving style, we also wanted to find out whether the intention
to reduce road traffic noise is a further predictor of the intention to practice eco-driving.

In accordance with the HAPA, we further assumed implementation intention, maintenance self-efficacy, and action con-
trol to be predictors of behavior in addition to behavioral intention (e.g., Schwarzer, 2008; Schwarzer et al., 2007; Sniehotta
et al., 2005). Maintenance self-efficacy and action control seemed to be especially important for a continuous behavior such
as practicing eco-driving, because the goal is to automatize this driving style, i.e., it should be practiced again and again.
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Using the model described above, we addressed the following two research questions: First, which predictors adopted
from the TPB and the HAPA are predictors of a car driver’s intention to practice eco-driving and of the transformation of this
intention into action? Second, what are starting points for interventions that aim to foster eco-driving as a means of reducing
road-traffic noise?

2. Method

We collected the data using a web-based longitudinal survey in Switzerland, consisting of a baseline survey (Time 1 in
autumn 2011) and a follow-up assessment four months later (Time 2 in spring 2012). The study participants were required
to be car drivers and therefore needed a driver’s license (in Switzerland, the driver’s license cannot be obtained before the
age of 18). The participants were recruited using a database of individuals with a general interest in participating in psycho-
logical surveys, maintained at the University of Basel, and the database of Bachelor’s, Master’s, and PhD students enrolled at
the University of Bern. Furthermore, the study was advertised on the Internet and by flyers available from firms (e.g., tire
retailers, car andmotorcycle retailers, and garages). The project website provided preliminary information about the purpose
and procedure of the study. Visitors to the website were informed that all participants could take part in a lottery to win one
of ten vouchers for online stores (with a value of 100 Swiss Francs, equivalent to US$ 110). Upon providing a valid e-mail
address, participants received their personal link to access the survey. They were informed that their responses would be
treated as strictly confidential. Participants who registered their e-mail address but did not complete the survey were sent
one e-mail reminder after one week. Four months after registering on the study website, participants received an invitation
for the follow-up assessment. Participants who did not complete the follow-up were sent one e-mail reminder after one
week. In the survey, eco-driving was introduced as a driving style that experts rated as safe, energy-efficient, and
low-noise. Moreover, four important eco-driving rules for cars with manual and automatic transmission were presented.

2.1. Participants

In the baseline assessment, 890 individuals (53% female) provided data on their car-driving behavior. The mean age of
participants in the baseline assessment was 31.0 years (SD = 12.3, range = 19–80). One percent had completed the obligatory
9 school years or less, 53% had completed secondary education (approximately 12 years), 42% had a Master’s degree, and 4%
had a doctoral degree. The follow-up assessment was completed by 706 individuals (79% response rate). To investigate the
potential impact of dropouts, we examined differences in demographic variables between participants who completed both
assessments and participants who did not complete the follow-up assessment. We found no significant differences in age,
sex, or education.

2.2. Measures

Because no measures were available for the specific focus of this study (i.e., eco-driving), measures were adapted from the
underlying theories. All responses were measured on a 6-point scale ranging from 1 (strongly disagree) to 6 (strongly agree).
Variables were measured using three or more items. All measures were assessed in the baseline and the follow-up
assessment. For theoretical reasons, the present research uses measures of action control and behavior from the
follow-up assessment, and measures of all other variables from the baseline assessment. Thus, there is a clear temporal
ordering of predictors (which are assessed at Time 1) and outcome (which is assessed at Time 2). The only exception is

Fig. 1. Theoretical model, combination of the theory of planned behavior and the health action process approach. Horizontal stripes: constructs derived
from TPB; vertical stripes: constructs derived from HAPA; checkered: constructs included in the TPB and in the HAPA. Behavioral intention = intention to
practice eco-driving; behavior = repeated performance of eco-driving; T2 = Time 2 (i.e., follow-up assessment).
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the action control variable (a predictor assessed at Time 2), because action control is measured retrospectively with regard to
the past four months (see below); therefore, the Time 2 measure, not the Time 1 measure, of action control is the theoret-
ically relevant predictor.

2.2.1. Intention to prevent road-traffic noise

Items were constructed with close reference to intention as proposed by Gärling, Fujii, Gärling, and Jakobsson (2003). The
scale included three items (Cronbach’s alpha = .93). An item example is: ‘‘I intend to keep the road-traffic noise I produce
low.’’

2.2.2. Attitude

Items were constructed according to the TPB (Fishbein & Ajzen, 2010). The scale included three items (Cronbach’s
alpha = .88). An item example is: ‘‘I think it is good to practice eco-driving.’’

2.2.3. Social norm

Items were constructed according to the TPB (Fishbein & Ajzen, 2010). The scale included three items (Cronbach’s
alpha = .92). An item example is: ‘‘Most people who are important to me think I should practice eco-driving.’’

2.2.4. Perceived behavioral control

Items were constructed according to the TPB (Fishbein & Ajzen, 2010). The scale included three items (Cronbach’s
alpha = .79). An item example is: ‘‘In principle, it is possible for me to practice eco-driving.’’

2.2.5. Behavioral intention

Items were constructed according to the TPB (Fishbein & Ajzen, 2010). The scale included three items (Cronbach’s
alpha = .94). An item example is: ‘‘I intend to practice eco-driving in the next four months.’’

2.2.6. Maintenance self-efficacy

Items were constructed according to the HAPA and were adapted from the items used by Scholz, Sniehotta, and
Schwarzer (2005). The scale included four items (Cronbach’s alpha = .80). An item example is: ‘‘I am convinced that I will
practice eco-driving even when I am not in the mood to do so.’’

2.2.7. Implementation intention

Items were constructed according to Dholakia and Bagozzi (2002). The scale included three items (Cronbach’s
alpha = .96). An item example is: ‘‘I already know when I will practice eco-driving.’’

2.2.8. Action control

Items were constructed according to the HAPA and were adapted from the items used by Scholz, Keller, et al. (2009). The
scale included three subscales (Cronbach’s alpha = .91), namely, awareness of standards, self-monitoring, and self-regulatory
efforts. Each subscale included three items. An item example for awareness of standards is: ‘‘In the last four months I have
regularly thought about my resolution related to eco-driving.’’ An item example for self-monitoring is: ‘‘In the last four
months I have observed myself with regard to the principles of eco-driving’’. An item example of self-regulatory efforts
is: ‘‘In the last four months I have done everything to practice eco-driving.’’

2.2.9. Behavior

Items were constructed according to the TPB (Fishbein & Ajzen, 2010). The scale included three items (Cronbach’s
alpha = .95). An item example is: ‘‘In the last four months I have always practiced eco-driving when driving.’’

2.3. Statistical analyses

The analyses were conducted by means of structural equation modeling (Kline, 2011) using the Amos 22 structural equa-
tion modeling program (Arbuckle, 2006). Missing values were replaced following the full information maximum likelihood
procedure according to suggestions by Schafer and Graham (2002). To evaluate the model fit we used the Tucker-Lewis index
(TLI), the comparative fit index (CFI), and the root-mean-square error of approximation (RMSEA). We applied cut-off values
as proposed by Hu and Bentler (1998, 1999), saying that values of at least .95 for TLI and CFI and less than or equal to .06 for
RMSEA indicate a good fit between the hypothesized model and the observed data.

3. Results

Table 1 shows means and standard deviations of the study variables. On average, the participants rated all constructs
positively. The participants had a strong intention to practice eco-driving and perceived themselves as having considerable
control over practicing eco-driving. Moreover, the attitude toward eco-driving and the implementation intention were on
average rated as distinctly positive. The intention to prevent road traffic noise, social norms, and maintenance
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self-efficacy were on average slightly less positive. The lowest ratings were accorded to action control and behavior, i.e. the
regular practice of eco-driving.

We first tested the measurement model by conducting a confirmatory factor analysis. In contrast to structural models,
measurement models do not include any direct paths between the latent constructs but exclusively correlational paths.
Systematically relating all constructs included in the model makes it possible to test howwell the model measures the latent
constructs. The measurement model fits the data well, with v2(314) = 1042.582, p < .05, TLI = .95, CFI = .96, and RMSEA = .051
(90% confidence interval of RMSEA = .048–.055). The intercorrelations of the latent variables are shown in Table 2. All cor-
relations are significant and in the expected direction.

Second, we tested the structural model as shown in Fig. 2. Preliminary analyses showed that implementation intention is
not a full mediator of the effect of behavioral intention on behavior. Therefore, we included a direct path from behavioral
intention to behavior in the model. The structural model showed a satisfactory fit, with v2 (324) = 1106.274, p < .05,
TLI = .95, CFI = .96, and RMSEA = .052 (90% confidence interval of RMSEA = .049–.055).

A considerable amount of variance in behavior (50%) is explained by action control, maintenance self-efficacy,
implementation intention, and behavioral intention, which all attained significant regression weights (p < .05). With a beta
of .47, action control is the strongest predictor of behavior, while the direct and indirect effects of behavioral intention,
implementation intention, perceived behavioral control, and maintenance self-efficacy are rather small. In other words,
the intention to practice eco-driving does not automatically lead to the regular practice of eco-driving. The time, attention,
and effort that are devoted to the regular practice of eco-driving are therefore more important than planning (implementa-
tion intention) or the beliefs in one’s own ability (maintenance self-efficacy and perceived behavioral control).

Almost 40% of variance in implementation intention is explained by perceived behavioral control, behavioral intention,
and maintenance self-efficacy. Importantly, the effect of perceived behavioral control (b = .36, p < .05) had almost twice
the size of the two other effects.

Variance in behavioral intention could be explained up to almost 60% by attitude and perceived behavioral control, while
social norm had only a small effect on behavioral intention. Importantly, there was a weak connection between the intention
to reduce road-traffic noise and behavioral intention, given that the TPB variables were controlled for. Moreover, the effect
was in the unexpected direction.

Following the suggestion of an anonymous reviewer, we tested an additional model with a direct path from attitude to
behavior. This structural model showed a satisfactory fit with v2(323) = 1085.531, p < .05, TLI = .95, CFI = .96, and
RMSEA = .052 (90% confidence interval of RMSEA = .048–.055). The standardized coefficient of the new path from attitude
on behavior was .30. The direct effect from behavioral intention on behavior was no longer significant, but the indirect effect
mediated by implementation intention was virtually unaltered and significant. Similarly, the direct effect of maintenance
self-efficacy on behavior was no longer significant, but the indirect effect mediated by implementation intention was
virtually unaltered and significant. The amount of explained variance in behavior was slightly larger (2%). Thus, the overall
conclusions from the model were similar, regardless of whether the direct path from attitude to behavior was included or
not.

4. Discussion

The goal of the present study was to identify social psychological factors that explain the adoption of eco-driving from the
perspective of noise abatement. We examined data from 890 Swiss car drivers who participated in a two-wave longitudinal
online survey over four months. In the analyses, we examined a model that combines the TPB and the HAPA.

4.1. Predicting eco-driving

In the present study, the relation between the intention to practice eco-driving and the regular practice of eco-driving
measured by means of self-reports is rather weak. The most important predictor of the regular practice of eco-driving is
car drivers’ perceived ability to actively self-regulate, i.e. action control. Action control was derived from the HAPA and is

Table 1

Means and standard deviations of study variables.

Variable M SD

Intention to prevent road-traffic noise 4.24 1.33
Attitude 4.87 1.08
Social norm 4.16 1.36
Perceived behavioral control 5.27 0.81
Behavioral intention 5.14 1.24
Maintenance self-efficacy 4.43 1.11
Implementation intention 4.77 1.47
Action control 3.66 1.46
Behavior 3.91 1.65

Note: All responses were measured on a 6-point scale ranging from 1 (strongly disagree) to 6
(strongly agree).
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comprised of three aspects: car drivers’ constant awareness of their eco-driving intention, their constant observation of put-
ting this intention into practice, and the effort they make to reduce discrepancies between eco-driving intention and the
actual practice. The effect of action control on behavior was distinctly higher than the effects of its other three direct pre-
dictors: the intention to practice eco-driving, planning to put this intention into practice (implementation intention), and
optimistic beliefs about one’s ability to deal with barriers on the way to establishing the behavior in question (maintenance
self-efficacy). Therefore, interventions that aim at fostering eco-driving among car drivers might be most successful if they
address action control. The importance of action control as a predictor of regular behaviors has also been shown in recent
applications of the HAPA to health behaviors such as dental flossing, physical exercise, nutrition behavior, and stopping
smoking (Scholz, Nagy, et al., 2009; Schüz, Sniehotta, & Schwarzer, 2007; Sniehotta, Nagy, Scholz, & Schwarzer, 2006).

Although action control was the most important predictor of self-reported practice of eco-driving, including the whole set
of proposed predictors might help get closer to bridging the so-called ‘‘intention–behavior gap’’ that is frequently pointed
out in discussions of the TPB (Armitage & Conner, 2001; Bamberg, 2013). Concretely, implementation intention, maintenance
self-efficacy, and action control can all be starting points for interventions, especially when the behavioral intention is
already very positive.

Even though behavioral intention was not a strong predictor of the regular practice of eco-driving, it constitutes the moti-
vational basis for behavior change. Enhancing behavioral intention might be reasonable in populations with weak motiva-
tion to practice eco-driving. The most important predictors of the intention to practice eco-driving are attitude toward
eco-driving and perceived behavioral control, while social norm only had a small effect on behavioral intention.
Therefore, in a population with low motivation to practice eco-driving, interventions should address car drivers’ attitude
toward the behavior and enhance their perceived behavioral control.

Someminor importance of social norm on behavioral intention when perceived behavioral control and attitude were con-
trolled for was also found in previous studies (Armitage & Conner, 2001; Harland, Staats, & Wilke, 1999). Our study supports
this finding, as social norms had only a minor effect on behavioral intention if the other TPB variables were controlled for. But
other studies have reported that social norms have a substantial direct or indirect effect on behavioral intention (Bamberg,
Hunecke, & Blöbaum, 2007; Bamberg & Möser, 2007; Bamberg & Schmidt, 2003; Heath & Gifford, 2002; Klöckner & Blöbaum,
2010; Wall, Devine-Wright, & Mill, 2007). Studies investigating driving behavior generally found a significant effect of social
norm on the intention to speed or on speeding behavior (Castanier et al., 2013; Cristea et al., 2013; Elliott et al., 2003, 2007;

Table 2

Intercorrelations among latent variables from the model.

Latent variables 1 2 3 4 5 6 7 8

1. Intention to prevent road-traffic noise –
2. Attitude .34* –
3. Social norm .23* .54* –
4. Perceived behavioral control .23* .72* .37* –
5. Behavioral intention .20* .73* .44* .64* –
6. Maintenance self-efficacy .31* .64* .35* .57* .56* –
7. Implementation intention .25* .52* .31* .58* .51* .48* –
8. Action control .26* .53* .32* .37* .43* .47* .37 –
9. Behavior .29* .60* .29* .55* .47* .50* .44* .64*

* p < .05.
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Fig. 2. Adoption of eco-driving, combination of the theory of planned behavior and the health action process approach. The figure shows standardized
regression coefficients and explained variances (R2) of endogenous variables. To keep the figure simple, only latent variables are shown, whereas indicators,
residual variances, and correlations between exogenous variables are omitted. Behavioral intention = intention to practice eco-driving; behavior = repeated
performance of eco-driving; T2 = Time 2 (i.e., follow-up assessment). ⁄p < .05.
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Parker et al., 1992; Wallén Warner & Åberg, 2006). Therefore, we suggest that social norms should not be neglected in future
studies on driving behavior. In the case of eco-driving, however, they seem to play a minor role.

A theoretically and practically important finding of our study is that the intention to prevent road-traffic noise is not
linked to the intention to practice eco-driving. Other studies report a stronger link between general intentions (or goals)
and behavioral intention when the content of the general intention is obviously connected to the target behavior (e.g.,
Bamberg, 2007). Since eco-driving is usually promoted by highlighting savings of fuel, money, and CO2 emissions, these rea-
sons for practicing eco-driving might be well-known. As shown by Cristea et al. (2012), the motivations to save fuel and to
enhance safety are more strongly related to eco-driving than the motivation to prevent air pollution. We therefore hypoth-
esize that a connection between such goals (e.g., saving fuel, saving money, enhancing safety) and the intention to practice
eco-driving may be found in future studies. Consequently, in fostering eco-driving it does not seem reasonable to focus only
on road-traffic noise.

A last, theoretically meaningful, finding is that implementation intention is a partial mediator of the effect of behavioral
intention on behavior. This finding suggests that implementation intention (i.e., a plan when, where, and how to practice
eco-driving) is not a condition for moving from behavioral intention to behavior, but might be a supporting factor.
Nevertheless, accounting simultaneously for both planning and implementation of an intended behavior seems to be
promising and should be considered in future research.

4.2. Implications for eco-driving interventions as means of noise abatement

The missing link between the intention to prevent road-traffic noise and the intention to practice eco-driving in the
present study has two implications for enhancing the intention to practice eco-driving. On the one hand, it might be more
fruitful to promote eco-driving using other arguments than noise prevention. These arguments could include financial gains
(fuel saving), safety aspects, and moral appeals (CO2 reduction). On the other hand, given that the participants had, on aver-
age, a strong intention to avoid road-traffic noise, but that this intention did not seem to be linked to the intention to practice
eco-driving, establishing this link could lead to a stronger intention to practice eco-driving.

However, in light of the fact that the intention to practice eco-driving had high mean scores in our sample, but that the
direct and indirect effects of this intention on behavior were rather small, we conclude that interventions should not merely
focus on enhancing behavioral intention but should directly address the transition to behavior realization, i.e., regular prac-
tice of eco-driving. In particular, this goal could be achieved by enhancing motorists’ action control by addressing their
awareness of their own standards, their self-monitoring, and their self-regulatory efforts (Sniehotta et al., 2005). In their
classification of behavioral interventions, Mosler and Tobias (2007) distinguish between techniques that aim at changing
individuals’ preference for behavior (i.e., motivation) and techniques that encourage behavior change. Addressing action con-
trol falls into the second category. The sub-category of situation-focused techniques and, within that, the group of passive
individual-focused techniques (e.g., reminders and cues) and the group of active individual-focused techniques (e.g.,
self-feedback and private commitment) seem suitable for enhancing action control.

Reminders could activate the recall of car drivers’ intentions regarding eco-driving (i.e., their awareness of their own stan-
dards). Reminders could take the form, for example, of prompts printed on stickers. Prompts are short written messages or
signs that indicate a specific behavior in a given situation (Steg, van den Berg, & De Groot, 2012). They are more powerful
when they make a specific request and when they are placed spatially and temporally close to the situation where the behav-
ior in question occurs (Lehman & Geller, 2004). Consequently, stickers should help car drivers to recall concrete behavioral
aspects such as keeping engine revolutions below a critical value and should therefore be placed somewhere in the car or
designed as a kind of car key fob. Moreover, prompts seem to be more effective when the attitude toward the target behavior
is high (Schultz, Oskamp, & Mainieri, 1995) – which is true in the case of eco-driving.

Self-monitoring can be fostered by motivating people to journalize their practice (Sniehotta et al., 2006). Journalizing can
be done, for example, by using a logbook on a website or a smartphone app (Barth & Boriboonsomsin, 2009; Ericsson et al.,
2006). Computerized and interactive tools should be favored, because they allow tailored behavioral feedback, which has
been found to be successful in the case of energy consumption (Fischer, 2008). Ideally, the feedback is combined with
assigned or self-generated rather ambitious goals (Abrahamse, Steg, Vlek, & Rothengatter, 2005). This might not only foster
self-monitoring, but also enhance car drivers’ self-regulatory effort by visualizing the discrepancy between intention and
actual behavior. Moreover, such a feedback can show the positive consequences of the new behavior, such as fuel saving,
road-traffic noise prevention, or CO2 emissions reduction and no time loss. Thus, feedback can help prevent relapses, by sta-
bilizing attitude and perceived behavioral control, thereby keeping behavioral intention high. Importantly, feedback should
focus on the environmental benefits of eco-driving more than on financial gains, because in the case of eco-driving, financial
gains are rather small and therefore do not enhance behavioral intention, as was reported in a recent experimental study by
Dogan, Bolderdijk, and Steg (2014).

Another means for providing reminders and feedback are advanced driver assistance systems. Such systems can deliver
real-time or after-driving feedback, for example on fuel economy (e.g., Jenness, Singer, Walrath, & Lubar, 2009) and optimal
gear shifting and acceleration (van der Voort, Dougherty, & van Maarseveen, 2001; Wu, Zhao, & Ou, 2011). Research suggests
that drivers prefer systems that only give feedback but do not intervene directly (e.g., Fricke & Schießl, 2011). However, the
development of advanced driver assistance systems takes a long time, whereas smartphone apps and websites can be
developed and implemented fairly rapidly.
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4.3. Limitations and future research

The present results have theoretical implications for the investigation of driving behavior, especially eco-driving. Our
combined model provides a meaningful description of the adoption of eco-driving. The social psychological factors explained
a large proportion of variance of the intention to practice eco-driving and of putting this intention into practice (i.e., regular
practice of eco-driving).

Nevertheless, several limitations of our study should be noted. First, given that the present research investigated
self-reported behavior, future research would benefit from the availability of objective measures of behavior, for example
driving parameters that indicate eco-driving (e.g., revolution speed, torque, acceleration). Such parameters could be
collected by a device that records driving data (e.g., by CAN-Bus). However, our participants reported strong behavioral
intentions and at the same time a considerably lower level of behavior maintenance; this suggests that they answered
the self-reported behavior questions honestly (i.e., social desirability is not an important concern in the present study).

Second, the assessment of goals related to eco-driving focused exclusively on the goal of avoiding road-traffic noise. There
might be other goals (e.g., fuel saving, minimizing CO2 emissions, accident prevention) that are related to eco-driving. Thus,
future research should investigate whether goals other than avoiding the production of road-traffic noise are linked to the
intention to practice eco-driving (e.g., safety, time and fuel saving as investigated by Dogan, Steg, & Delhomme, 2011).

A third limitation is that our study design did not allow for causal conclusions. Although we used a longitudinal design
with two measurement points, and although behavior and action control were assessed later than the other constructs, the
variables intention to prevent road-traffic noise, behavioral intention, and implementation intention were assessed on the
same measurement occasion. In future studies, these variables should be assessed across several occasions, ideally with
at least one time point per variable examined. Another interesting option might be using an experimental design to inves-
tigate the causal flow within a model, as proposed by Bamberg (2013). Given that in the present research all constructs were
simply measured, but not experimentally manipulated, future research might benefit from more rigorously testing the
hypothesized causal effects between the constructs, for example when testing the mediation effect of implementation inten-
tion in the relation between behavioral intention and behavior.

Fourth, although we collected data from people of various ages and education levels, our sample was not a probability
sample, and the survey was restricted to German-speaking residents of Switzerland. Thus, it is likely that our sample is
not representative of car drivers in European countries, and future research should replicate the analyses using probability
samples. Nevertheless, even if sample means differ from means in a representative sample, this does not necessarily affect
the relations between variables (as captured by the path coefficients of the structural equation models).

Finally, although action control is an established construct in research on health behavior (Scholz, Nagy, et al., 2009;
Sniehotta et al., 2005, 2006), its usability and validity for the investigation of driving behavior has to be examined in further
studies. Moreover, given that both action control and behavior were measured at Time 2, it is possible that
assessment-specific influences led to shared variance between the two constructs. This might have resulted in a somewhat
stronger effect of action control on behavior. Nevertheless, itwould not have been appropriate to assess action control at an ear-
lier measurement occasion because action control cannot be assessed prospectively. Moreover, given that action control takes
place simultaneously with the performed behavior, it is necessary to assess the two constructs with regard to the same time
interval. For this reason, both behavior and action control were assessed retrospectively with a focus on the last four months.

4.4. Conclusion

Road-traffic noise is a severe environmental problem that affects the health and well-being of many individuals. One
means of reducing road-traffic noise is to change motorists’ driving behavior, specifically by establishing a low-noise driving
style (i.e., eco-driving). In the present study, car drivers’ motivation to prevent road-traffic noise and their motivation to
practice eco-driving were rather high, but the two motivations were not connected. Therefore, communication focusing
on the prevention of road-traffic noise should portray eco-driving as an efficient instrument for road-traffic noise prevention;
and communication focusing on eco-driving should be complemented with the noise prevention aspect of eco-driving.
Moreover, as the motivation to practice eco-driving does not necessarily lead to its practice, interventions should also pre-
vent this good intention from draining away in everyday life. This could be accomplished by strengthening car drivers’ active
self-regulation (i.e. action control), for example by using prompts and behavioral feedback to enhance their constant aware-
ness of their good intentions, as well as their implementation efforts.
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