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Abstract: The Environmental Noise Directive expects residents to be actively involved in localising
and selecting noise abatement interventions during the noise action planning process. Its intervention
impact is meant to be homogeneous across population groups. Against the background of social
heterogeneity and environmental disparities, however, the impact of noise action planning on
exposure to traffic-related noise and its health effects is unlikely to follow homogenous distributions.
Until now, there has been no study evaluating the impact of noise action measures on the social
distribution of traffic-related noise exposure and health outcomes. We develop a conceptual (logic)
model on cognitive-motivational determinants of residents’ civic engagement and health (inequities)
by integrating arguments from the Model on household’s Vulnerability to the local Environment,
the learned helplessness model in environmental psychology, the Cognitive Activation Theory
of Stress, and the reserve capacity model. Specifically, we derive four hypothetical patterns of
cognitive-motivational determinants yielding different levels of sustained physiological activation
and expectancies of civic engagement. These patterns may help us understand why health inequities
arise in the context of noise action planning and learn how to transform noise action planning into
an instrument conducive to health equity. While building on existing frameworks, our conceptual
model will be tested empirically in the next stage of our research process.
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1. Introduction

In response to the substantial exposure to traffic-related noise in urban areas [1], the EU
Environmental Noise Directive (END, 2002/49/EC) requires public environmental authorities to map
environmental noise and to implement noise action plans for noise abatement [2]. With its universal
objective to protect and improve European populations’ health, noise action planning implicitly
complies with assumptions underlying population-based prevention strategies [3]. This prevention
approach relies on the average: Average exposure and response values apply to the majority of the
population and, consequently, the intervention impact is expected to be relatively homogeneous across
population groups. Against the background of social heterogeneity and environmental disparities
in urban societies [4–7], however, the intervention impact of noise action planning on exposure to
traffic-related noise and its health effects is rather unlikely to follow homogenous distributions.

Noise action planning is bound to be highly selective in terms of the contents, place, and timing
of actions. Only recently, the application of different noise priority indices used in the context of noise
action planning has been shown to produce spatially divergent outcomes for noise actions [8]. Fifteen
years after the implementation of the END, the third round of noise mapping and action planning
is lying ahead, but there has been no study evaluating the impact of noise action measures on the
distribution of traffic-related noise exposures and health outcomes among population groups.

Evidence on (unintended) intervention-generated inequalities in exposures or health outcomes
in the field of environmental health is scarce and interventions dealing with the management of
traffic flows have yielded mixed results. Social inequalities in road causalities were still maintained
in one study, because the intervention failed to rule out underlying causes for spatial patterns [9].
In another study, social inequalities in air quality and noise pollution increased, as the greatest benefit
was observed in higher status areas [10]. By contrast, a congestion charge diminished the socio-spatial
differences in air pollution and life expectancy to some extent [11]. This study investigated the social
differences in exposure, but not in vulnerabilities relevant for social inequalities in the health effects of
environmental exposures. Thus, interventions like noise action planning need to consider changes
in social distributions of exposure and health-related responses following noise abatement measures
(distributional environmental justice).

Such considerations start by reflecting procedural features of the policy cycle (procedural
environmental justice). In the case of noise action planning, transparent environmental health
information and effective participation of the public are ingredients of the policy process. They
are decisive for its outcome, since there is no binding standard for noise action values and noise action
planning is subject to the agency of those motivated to participate in the planning process [2,12].

It is difficult for non-experts to comprehend the contents of noise maps and to draw adequate
conclusions for specific local exposure situations [13,14]. Pilot projects in Germany and Italy
impressively demonstrated what comprehensive ‘information and consultation’ according to the END
might entail (e.g., performing surveys and soundwalks in selected areas, targeting population groups
using places for different purposes, presenting survey results to residents, organising workshops with
residents, mediating between parties including polluters, supporting residents to communicate their
suggestions, and creating new ‘soundscape-based layouts’ of places, etc. [15,16]). However, these
approaches assume pre-existing interest, motivation, and readiness for civic engagement. As was
reported for the German pilot project, fewer residents took part in the participation activities than
expected. Instead of direct communication between local environmental agencies and residents,
written communication methods are prevailing in Germany [17], with municipalities increasingly
using the internet (so-called e-participation). E-participation can reach relatively high response rates,
as documented for a German city after large public campaigns [18]. However, the response is highly
selective. Among registered users, two thirds of participants had attained at least a university entrance
level, were male, and were between 30 and 60 years old, which is a well-known pattern of civic
participation in urban environmental planning [19].
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Findings of low and selective responses to participation opportunities are not surprising
from both psychological and epidemiological viewpoints: psychologically, unequal readiness for
civic engagement in noise action planning may result from cognitive distortions. Agreements
with statements like “the effects of noise are overestimated” were more common among lower
educated participants in an Austrian study [20]. Social epidemiological reasoning further suggests
that intervention strategies building on individuals’ motivation and capacity to participate may
magnify health inequities [21]. Research in the field of environmental justice contends that a limited
individual coping repertoire explains socio-political vulnerability among residents in lower social
positions [22–24]. Neglecting structural constraints and different vulnerabilities, noise action
planning—like any other planning instrument—expects residents to engage as active citizens.

In light of the END, it is of utmost importance to gain further insights into the determinants of
residents’ motivation and capacity to take interest in the environmental quality of their residential
environment and to be ready for civic engagement in END noise action planning. For this reason,
we aim to develop a conceptual model on the cognitive-motivational determinants of residents’ civic
engagement and health (inequities) in the face of chronic traffic noise exposure. This model is intended
to reveal why health inequities and equity impacts should be considered by noise action planning and
where planners could intervene to mitigate, prevent, or even reverse the generation of inequalities.
Thus, the outcome of this conceptual article can be regarded as a logic model presenting possibly
causal (inter-)relationships between contextual and individual determinants relevant for intervention
planning and evaluations [25,26]. At this stage, our model is composed of elements from existing
frameworks that have previously been subject to empirical studies. Its empirical validation as a whole
is planned in the next stage of our research process.

The components of our model and their conceptual links are developed as follows: We take the
“Model on household’s Vulnerability to the local Environment” (MOVE) [27,28] as a valuable point
of departure, because it presents predictors of “institutional coping behaviour” in environmental
matters (Section 2). It is the first model (in Germany) dealing with environmental planning that takes
environmental psychology into account and is framed by environmental justice. Further insights from
environmental psychology concerning noise-induced helplessness (Section 3.1) allow us reframe MOVE
based on the psychobiological Cognitive Activation Theory of Stress [29,30] (Section 3.2) as a first step
towards our refined conceptual model (Section 4). In a second step, we align our arguments with the
reserve capacity model that focuses on resource aggregates and emotions as determinants of health
inequalities [31–33], thereby bridging psychology and epidemiology. In reference to MOVE and the
reserve capacity model, we further add psychosocial and tangible resources involved in unequal health
and participation chances (Section 5). By integrating these components, we present a new conceptual
model explaining both the unequal effects of noise exposure and unequal participation simultaneously.

2. Model on Household’s Vulnerability to the Local Environment (MOVE)

Positioned at the interface between health and environmental psychology, as well as
environmental urban planning with a strong behavioural emphasis, MOVE [27,28] was conceived to
explain residents’ intention and self-reported behaviour of civil actions, e.g., collecting signatures,
joining or founding a local initiative. Thus, MOVE deals with residents’ institutional coping as an
active, problem-focused response to air and noise pollution. Based on the Theory of Planned Behaviour
(TPB) [34–36], MOVE describes cognitive-motivational and actual predictors of institutional coping that
reflect positive expectancies of coping outcomes (as captured by behavioural attitude and subjective
norm) and of coping-specific perceived controllability and self-efficacy (as an important aspect of
perceived behavioural control). These expectancies arise from three beliefs:

1. Behavioural beliefs (“the subjective probability that the behaviour will produce a given
outcome” [37]) engender a specific attitude towards institutional coping behaviour. In MOVE,
a resident is more likely to choose an institutional coping strategy if she or he expects her or
his engagement with environmental quality to be worthwhile (perceived value of the outcome
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of institutional coping behaviour), prefers quietness, and rates environmental quality as low
(as measured by annoyance).

2. Normative beliefs (“the perceived behavioural expectations of [..] important referent
individuals” [37]) bring about residents’ subjective norm and social pressure to initiate MOVE
institutional coping. A resident’s inclination to institutional coping behaviour is more pronounced
if she or he anticipates positive reactions from those who are close and important to her or him.
In a way, the subjective norm also represents positive outcome expectancy.

3. Control beliefs (“perceived presence of factors that may facilitate or impede performance
of a behaviour” [37]) become manifest in residents’ perceived behavioural control. Ajzen [35]
distinguishes two aspects of perceived behavioural control: behavioural controllability (“belief
about the extent to which performing behaviour is up to the actor”) and self-efficacy (“ease or
difficulty of performing a behaviour”). The more a resident assumes to know about objective
environmental quality and environmental rights, the greater her or his engagement-specific
controllability. Equally, the more she or he feels confident and capable of civic engagement,
the more self-efficacy regarding civic engagement is present. The stronger engagement-specific
controllability and self-efficacy are, the higher the chance that a resident will adopt an institutional
coping strategy.

While attitude, subjective norm, and perceived behavioural control correlate, each can be seen
to contribute to explaining behavioural intentions as predictors of self-reported (performed) coping
behaviour. Moreover, the perceived behavioural control indicates the objective, factual behavioural
control and can determine the self-reported coping behaviour directly.

However, MOVE does not solely build on the TPB. MOVE elaborates on the actual behavioural
control that Ajzen is aware of in his theory, but it has never been explored or operationalised, or even
tested empirically. MOVE therefore complements the TPB with the Conservation of Resources (COR)
Theory [38,39], an established stress theory in health psychology. In brief, COR theory purports that
stress results from the feared and suffered loss of the resources that an individual needs to maintain
for her or his well-being. An individual is at an elevated risk of further resource loss if she or he fails
to prevent resource loss or to (re-)gain adequate resources after resource investment. Such dynamics
of increasing vulnerability are portrayed as “loss cycles”, which corresponds to the observation that
“resources tend to occur in aggregate [giving evidence of successful resource gain or gain cycle, added
by authors], or be absent in the aggregate” [31], p. 147 (in reference to Hobfoll, see the reserve capacity
model in Section 5). Conversely, success in resource maintenance may stop the loss cycle and enable
an individual to gain resources. If perceived behavioural control is a major determinant of actual
institutional coping, MOVE provides a compelling explanation for loss cycles related to environmental
conditions (if they are perceived to be a threat to health and well-being). In emphasising the role of
resources for the experience of stress, COR theory acknowledges the objective, social, and physical
setting of the psychological stress mechanism.

Whilst studied as a typical outcome of stress-related processes in epidemiology and psychology,
COR theory regards (environmental) health as a resource vital to an individual’s development and
agency. Consequently, perceived behavioural control depends on the availability and conversation
of resources. Based on COR theory [38], MOVE outlines four broad classes of resources essential for
stress resilience, perceived behavioural control, and self-reported institutional coping behaviour:

• “Objects”: They are appreciated because of their “physical nature” and/or the status that
individuals attribute to their acquisition or ownership (e.g., home ownership).

• “Personal characteristics”: They are supportive of a “positive sense of self and a view that one can
master or at least see through stressful circumstances”. An example of personal characteristics is
the communal mastery, which is an individual’s belief to be able to reach goals or to overcome
challenging situations due to being affiliated with others [40]. MOVE specifies communal mastery
by residents’ perceived collective competence to exert control over their home and neighbourhood.
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Communal mastery is theoretically related to the aspect of self-efficacy integrated in the perceived
behavioural control of institutional coping, but expanded by a pro-social aspect of collective action.

• “Conditions”: They define either personal circumstance (e.g., age) or are desired for their own
value and for being a key to other resources (e.g., social networks).

• “Energies”: They provide the means to gain resources in the previous categories (e.g., income,
knowledge).

We are aware of the conceptual overlap between Hobfoll’s personal characteristics and Ajzen’s
behavioural, normative, and control beliefs, which supports the MOVE model’s reasoning to combine
both theories. The same may apply to knowledge as an energy resource that MOVE considers as
inherent to behavioural control expectancies.

Considering that noise action planning requires positive expectancies of institutional coping,
MOVE appears to be a useful conceptual basis to study participation chances in environmental noise
policies. In the first empirical test of MOVE [27], most study participants reported no institutional
coping behaviour. This observation was mainly explained by a lack of confidence. To learn more about
those who do not engage in institutional coping despite being exposed to environmental burdens was
one of the questions raised for further research. The empirical test did not confirm that objective noise
exposure is a determinant of institutional coping behaviour. Yet, self-reported institutional coping
behaviour varied by exposure levels in bivariate analyses. To increase the explanatory value of the
model, additional factors need to be identified. This is why our adoption of MOVE may benefit from
an integration of research on the cognitive-motivational impacts of the environmental exposures that
residents are expected to actively cope with.

3. Integration of Noise-Induced Helplessness and Cognitive Activation Theory of Stress

For our purpose, we will briefly describe the environmental psychological observations of
learning helplessness under conditions of chronic noise exposure (Section 3.1) whose general impact
on residents’ health, as well as their motivation and capacity to act as active citizens, is theorised from
a cognitive, learning viewpoint (Section 3.2).

3.1. Noise-Induced Learned Helplessness vs. Civic Engagement for Health?

Instead of active engagement, environmental psychological research referring to the learned
helplessness model rather suggests a higher probability of passivity and social withdrawal in response
to unavoidable, uncontrollable, and adverse environmental exposures like air and noise pollution
(cf. [41] for the first laboratory study on learned helplessness in humans, cf. [42–45] for reviews on the
application of ‘learned helplessness’ in the field of environmental psychology). Exposure to learned
helplessness in a given situation may generalise to other situations, even if completely different
competences are required [46]. According to the reformulated learned helplessness model [47–50],
the severity of helplessness and its health impact depend on an individual’s characterization of its
cause (“causal attribution”) and the affective value of the uncontrollability experience (i.e., the personal
importance of the feared or desired event).

Traffic-related noise has been described as an ambient or environmental stressor that is chronic and
intractable [51]. If intractability implies that traffic-related noise cannot be removed by any individual’s
“isolated effort” ([51] p. 363) and will not cease due to its chronicity, residents may learn they cannot
exert any control over their environment and that the same applies to all those who are relevant,
such as close neighbours. The unpredictability of noise peaks may further contribute to learned
helplessness [42]. Such a characterisation of uncontrollability may result in universal, communal
helplessness shared by noise-exposed residents (see additionally [47] pp. 52–53), which, in turn,
may hamper interest in community issues and in socio- and eco-political engagement. In addition,
communication disturbance, withdrawal from the environment outside the dwelling, diminished
place attachment, and a lack of social support in the neighbourhood have been described as “social
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costs” of high traffic loads in the residential environment [52–54]. The affective value of perceived
uncontrollable noise exposure may moderate the psychological stress reaction, as expressed by noise
annoyance [55,56].

Surprisingly, environmental psychological research has paid little attention to cognitive-
motivational determinants of residents’ capacity to claim rights for environmental health in the
community context, despite recognizing the relevance of perceived control over noise exposure and
coping strategies for noise annoyance, well-being, and health [55,57–60], mainly in reference to Lazarus’
appraisal theory of stress or its adoption by Stallen [55]. Instead, residents’ distrust in regulatory
authorities has been considered as a determinant of controllability perceptions and the coping capacity
preceding noise annoyance [55,59], or as one psychological determinant of noise annoyance among
others [61–63]. Changes to task performance and persistence, such as the number of attempts until
withdrawal from unsolvable tasks or the time until an effective solution is presented after suffering
failure, have been employed by previous studies on learned helplessness [45].

Therefore, we need to understand how noise-specific helplessness may spill over to affect residents’
expectancies of MOVE institutional coping and health. We introduce a cognitive learning perspective,
as developed by the Cognitive Activation Theory of Stress, that may improve our understanding
of the relationship between cognitive-motivational determinants and residents’ participation and
health chances.

3.2. The Cognitive Activation Theory of Stress (CATS)

The Cognitive Activation Theory of Stress (CATS) describes the stress process and its health
sequelae from a psychobiological perspective [29,30]. It provides additional theoretical underpinnings
of early findings for the learned helplessness model. CATS has been theorised and examined with
regard to stressful work environments [64–66], but it has also been referred to as a stress model
explaining the effects of noise as an ambient stressor on annoyance and health ([56] pp. 153–154, [57]
using a predecessor of CATS combined with Lazarus’ stress model).

According to CATS, the stress response originates from a perceived “discrepancy between
what is expected to be ‘normal’ (set value [in CATS equated with goals, added by authors]) and
what is happening in reality (actual value)” [29]. This perceived discrepancy (i.e., the stressor) is
assumed to induce neurophysiological activation. Referring to COR theory and an environmental
psychological notion of noise annoyance [55], we propose that this discrepancy results from the
perceived uncontrollability of noise exposure eroding residents’ capacity to maintain resources,
including their health.

Neurophysiological activation due to this discrepancy remains elevated until the organism has
succeeded in reducing the disparity between expected (feared or desired) and actual values (of personal
noise exposure, for example). If the difference between expected and actual values persists, arousal
sustains and induces pathophysiological processes. Such feedback of the stress response to the brain
has been termed the “allostatic load” (i.e., adaptive costs, physiological strain) elsewhere [67], though
it was mainly explained by repeated exposures to stress stimuli and subsequent over-stimulation.
In CATS, however, “the real concern is sustained arousal occurring when there is no solution” ([30]
p. 879), as the organism is vainly struggling for homeostasis by trying to exert control on expected
and/or actual values. This postulation appears to be in agreement with the earlier discussed notion of
learning helplessness in response to uncontrollable traffic noise exposure (see Section 3.1).

The higher the individual rates her or his chances to reduce or remove the difference between
expected and actual values, the more likely it is for the organism to return to the arousal level
observed prior to the activation. At this point, CATS introduces two types of expectancies essential
for the cognitive evaluation of the incongruity between expected and actual values: stimulus
and outcome expectancies. In accordance with the learned helplessness model, stimulus and
outcome expectancies are learned information about stimulus-stimulus relations and behavioural
response-outcome (non-)contingencies.
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The stimulus expectancy arises from the perceived probability of an event associated with
a specific stimulus, such as sleep disturbance following peaks of traffic noise. The degree of
“predictability” is mentioned as the critical feature of stimulus expectancies, which is all the more
important for traffic noise (see section above) [42]. It is by changing the perceived probabilities
based on the subjective stimulus characterisation and/or affective values that an individual may
defend herself/himself against a prevailing discrepancy between expected and actual exposure values.
As exposed residents do not perceive immediate harm (termed “non-urgency” [51]), they may be
inclined to accept the presence of the environmental stressor and cling to distracting cognitions in order
to reduce the cognitive dissonance. A statement like “Living in a big city I have to put up with the
traffic noise in my home” indicates disengagement and is called stimulus distortion. Noise annoyance
decreases in this instance, even though there is no physiological habituation to chronic noise exposure.

Outcome expectancies are closely linked to the stimulus expectancies and refer to the perceived
relationship between actions (behaviours) and their results (outcome). CATS postulates three types of
outcome expectancies: positive effects, no control, and negative effects.

Positive outcome expectancy is practically equated with active coping. This type of outcome
expectancy is comparable in nature to the TPB predictors of MOVE, representing positive specific
expectancies of behavioural outcomes (attitude and subjective norm) and behavioural control
(especially self-efficacy). However, CATS outcome expectancies are located on a more general level.

An expectancy of having no control implies helplessness. At least in the first stage, helplessness is
associated with physiological activation. If the uncontrollability of personal exposure is perceived as
a constant or increasing threat to resource maintenance and goal attainment [55] (termed motivational
salience [51]), the affective value may become critical and further contributes to the stress experience
and noise annoyance. Even if residents are able to reduce their individual traffic noise exposure by
staying in their homes, they may feel constrained because of the involuntary retreat at the expense
of restoration [68] or the involuntary residential location at a highly trafficked street [51] (see the
discussion on residential segregation as “determinant of environmental inequalities” [24]). On the
other hand, arousal levels are suggested to decrease if an “individual ‘accepts’ that there is no solution
[ . . . ]. Arousal may also be reduced if the helplessness leads to secondary gain and support from
society. In such cases, helplessness may function as a coping strategy, and the secondary gain may
reinforce and sustain the helplessness condition” [29] (p. 578). If this assumption holds true, generalised
helplessness will not be fatal by itself, but through continued adverse exposures, which brings us
back to the link between distributional and procedural environmental justice (see our introduction,
Section 1, and [69]).

Negative outcome expectancy implies hopelessness. Generalised hopelessness produces
a sustained high arousal, because the individual reproaches himself/herself for failure, in spite of
having control over his/her life. Reduced self-esteem, depression, and social withdrawal and isolation
may follow from a generalised negative outcome expectancy, all being counteractive to residents’
active agency in the political context, as implied by MOVE [23,27,28].

Bivariate results from the first MOVE field study on roughly 300 residents in a densely populated
area in Germany might provide some indication of noise-induced passivity. However, it is important
to note that we have to treat these observations with caution, as residents’ social positions were not
considered as a confounding variable [28]. A positive outcome expectancy related to the perceived
value of civic engagement (i.e., aspect of the attitude towards institutional coping), as well as confidence
and knowledge (i.e., behaviour-specific self-efficacy and controllability as the two aspects of perceived
behavioural control), were found to be significantly lower among residents in more exposed residential
areas as compared to their less exposed counterparts. More exposed residents had lower values on the
communal mastery scale. Thinking of “universal helplessness”—indicating that residents project their
own helplessness to other significant people (see Section 3.1 above)—it is remarkable that the subjective
norm was somewhat less evident under conditions of higher environmental exposures. However, this
difference was not statistically significant. Within the CATS frame, “it is the perceived relationship
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that counts for stress responses and stress consequences, not the objectively true contingencies”
([29] pp. 574–575). Thus, the degree of perceived uncontrollability turned out to be more important
for reading and sleeping impairments and psychophysiological symptoms than the objective noise
exposure, for example [58]. The perceived uncontrollability of environmental exposure was not
accounted for in the MOVE model, which might have led to an underestimation of the true differences
in cognitive-motivational determinants between levels of environmental pollution. On average, the
choice of coping strategies (problem-focused incl. institutional coping, avoidance, and comforting
cognitions) did not vary by objective noise levels and perceived control over noise exposure in
a study that was conducted almost 30 years ago [57]. However, perceived control over noise exposure
significantly strengthened the association between stress due to noise, and avoiding and comforting
coping strategies (avoidance under conditions of air traffic exposure and comforting cognitions under
conditions of road traffic exposure, see note 1 at the end of this paper).

4. First Step towards a Refined Model: Reframing MOVE Based on CATS

MOVE is a suitable starting point to explore the cognitive-motivational determinants of civic
engagement in response to residential exposure to noise and air pollution. However, the MOVE study
could not explain the missing link between exposures to environmental burdens and institutional
coping behaviour (see the end of Section 2). We therefore outline our first step towards a refined model
by delivering general considerations on model refinements (Section 4.1) and proposing hypothetical
patterns of cognitive-motivational determinants as model specification (Section 4.2).

4.1. General Considerations: Reframing MOVE Based on CATS

Unlike MOVE, we mainly regard noise annoyance as a psychological stress response to perceived
uncontrollable noise exposure related to (sustained) physiological activation, thereby complying with
the significance that the END attributes to noise annoyance as a focal health indicator. Instead of being
an integral part of the attitude, noise annoyance is an intermediate health outcome modulated by
cognitive-motivational processes. These processes are initiated by the (un-)controllability experience
induced by chronic noise exposure and characterised by a specific stimulus expectancy (belief that
the situation of (un-)controllability is permanent or transient) and specific outcome expectancy
(perceived (in-)capability to find a bearable solution concerning the personal noise exposure indoors).
By integrating both types of expectancies in our conception of the noise-related stress stimulus
variable, we acknowledge the interdependence between the two at any point in the cognitive process.
The stress effect of (un-)controllability is modified by the affective value that residents assign to
their noise exposure, i.e., the extent to which they (would) find it important to be able to reduce
the noise exposure in their dwelling. This means that the affective value indicates the degree of
discrepancy between the expected and set values in CATS terminology. Further, the expectancies of the
stimulus of “(un-)controllable personal traffic noise exposure”, of what can be done about it (perceived
behavioural control), and of what the result will be (outcome expectancies as specified by the attitude
and subjective norm) are shaped by and re-shape the generalised outcome and stimulus expectancies
during one’s lifetime.

CATS does not make clear distinctions between levels of generalization concerning stress stimuli.
We propose two additional, higher-order stimulus expectancies affecting residents’ perceptions and
appraisal of life (including their noise situation). These are noise sensitivity, conceived to additionally
explain or to exacerbate environmental stress reactions, especially noise annoyance (e.g., [42,70,71]
for overviews, see [72] for an empirical study by way of an example; see note 2 at the end of this
paper), and the negative and positive affect assumed to influence psychobiological processes, including
behavioural outcome expectancies, actual coping behaviour, and health (e.g., [73–75]). Relationships
between generalised stimulus and outcome expectancies are probably reciprocal over time. While we
hypothesise positive associations between negative affectivity and no control/negative expectancies,
and between positive affectivity and positive outcome expectancy, we acknowledge the co-existence
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of both emotional states (negative and positive affect). Affectivity and cognitive adaption to the
noise stimulus are closely related: Changing the affective value to close the gap between the desired
and perceived control over traffic nose exposure is probably a way of cognitive distortion related to
negative affectivity (defence response according to CATS).

The environmental psychological interpretation of the learned helplessness model and CATS
shed light on the outcome expectancies as triggers of loss and gain cycles according to Hobfoll. The
more experiences contributing to the feeling of environmental uncontrollability (or controllability),
the more negative (or positive) future expectancies of behavioural outcomes and control as expressed
by TPB attitude, subjective norm, and perceived behavioural control. We add communal mastery
to these specific positive outcome expectancies, given its conceptual relatedness to the aspect of
self-efficacy inherent to TPB perceived behavioural control and the observation of social withdrawal
as a helplessness symptom. In turn, attitude, subjective norm, perceived behavioural control, and
communal mastery are positively associated with residents’ intentions to be engaged in institutional
coping. In addition, both perceived behavioural control and communal mastery will directly enhance
the chance of actually performed institutional coping behaviour. If effective, institutional coping
behaviour diminishes noise annoyance. On the other hand, the defence response (disengagement) is
inversely related to the MOVE positive outcome expectancies and noise annoyance.

Our conceptual model highlights the cognitive-motivational processes related to the ambient
stressor of ‘traffic-related noise’ (indirect pathway to health). Nonetheless, it is the objective
traffic-related noise exposure that requires planners to combat traffic-related noise and causes direct
pathophysiological changes (cf. [76,77] for reviews recognising both pathways and see the “noise
reaction model” in [78,79]). The objective intractable presence of traffic-related noise in residential
areas is still the impetus for the cognitive-motivational and psychobiological processes related to
perceived uncontrollability, as implied by the differences in selected TPB predictors and self-reported
coping behaviour between exposure levels in the MOVE study (see the end of Sections 2 and 3.2).
The conceptual model focuses on generalised expectancies of stimuli (i.e., positive and negative
affect) and behavioural outcomes (positive, no control, or negative), as well as noise annoyance as
bio-psycho-social links between cognitive-motivational and physiological changes.

Our general considerations are depicted in the conceptual model in Figure 1.

4.2. Specification of Our Model: Hypothetical Patterns of Cognitive-Motivational Determinants

In the frame of our model, we may investigate four constellations characterised by different
levels of noise annoyance and specific hypothetical patterns of cognitive-motivational determinants
(see Table 1):

1. perceived high controllability of traffic noise exposure indoors x low personal importance
(affective value),

2. perceived high controllability of traffic noise exposure indoors x high personal importance,
3. perceived low controllability of traffic noise exposure indoors x low personal importance, and
4. perceived low controllability of traffic noise exposure indoors x high personal importance.
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We expect to detect the lowest levels of noise annoyance in residents reporting low personal
importance while perceiving high controllability (group 1). As the expected and actual controllability
should largely match among residents from group 2, they could show low levels of annoyance.
However, noise sensitivity is probably linked to high personal importance, which may partially
explain its modifying effect on noise annoyance. In consequence, noise annoyance is likely to reach
moderate levels. In the residents from group 3, levels of annoyance due to low controllability should
be reduced by the buffering effect of a low personal importance. The discrepancy between expected
and actual controllability is highest among residents from group 4. Stating a high personal importance,
while perceiving low controllability and high noise sensitivity, they are suggested to be highly annoyed.

Table 1. Hypothetical patterns of cognitive-motivational determinants, noise annoyance, and sustained
physiological activation within four groups.

Determinant
High Controllability x Low

Personal Importance
(Group 1)

High Controllability x
High Personal

Importance (Group 2)

Low Controllability x
Low Personal

Importance (Group 3)

Low Controllability x High
Personal Importance

(Group 4)

noise annoyance low moderate moderate high
noise sensitivity low high low high

A B - - A B

generalised outcome
expectancy positive no control positive no control negative positive

negative affect low high low high high low
positive affect high low high low low high

positive expectancies of
institutional coping (civic
engagement)

moderate low high low low high

disengagement (cognitive
distortion) moderate high low high high low

physiological activation 1 low moderate moderate moderate high moderate
1 regardless of objective noise exposure levels.

The hypothetical patterns within groups 2 and 3 are considered as stable, whereas divergences
between controllability and personal importance within groups 1 and 4 lead us to assume that cognitive
changes could occur in the face of changes in living conditions and objective noise exposure. For this
reason, there might be opposite patterns within these two groups concerning the inter-relations
between generalised and specific expectancies and subsequent physiological activation, as marked by
the subgroups A and B in Table 1.

Group 1A: Emotionally unaffected due to high controllability and low personal importance,
residents are characterised by a high positive affect and generalised positive outcome expectancy.
There is capacity for engagement, but low personal importance hints at preferences or necessities other
than high environmental quality. Overall, this leads to moderate (dis-)interest in institutional coping
strategies. Compared to other groups, these residents have the lowest level of physiological activation.

Group 1B: Alternatively, low personal importance indicates a high negative affect and generalised
helplessness learnt in previous contexts. Residents tend to disengage from their (residential)
environment in general. While resignation reduces physiological activation, a negative affect may still
sustain a moderate arousal.

Group 2: Residents display a high positive affect and generalised positive outcome expectancy.
In consequence, these residents are the most inclined to adhere to positive expectancies of institutional
coping. In accordance with noise annoyance and noise sensitivity levels, physiological activation is
moderately increased.

Group 3: Low personal importance is indicative of generalised helplessness. Residents show
a high negative affect, apply cognitive distortion, and withdraw from their residential environment.
Thus, they have low expectancies of institutional coping behaviour. Physiological activation is
moderately elevated by a negative affect and noise annoyance.
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Group 4A: High personal importance presents evidence of a lasting discrepancy between actual
and expected controllability and of feeling guilty of failure, which entails a high negative affect and
generalised hopelessness. Residents apply cognitive distortion and refrain from institutional coping.
In comparison to the other groups, they suffer from the highest sustained arousal.

Group 4B: High personal importance reflects a positive affect and generalised positive outcome
expectancy, pushing residents to stand up against the perceived uncontrollable noise exposure and to
get involved in institutional coping. Thanks to strong psychosocial resources, physiological activation
remains moderate.

According to these hypothetical patterns, health inequities may particularly arise from: (a) increased
vulnerability to environmental pollutants due to sustained arousal in residents from group 1B and 4A; and
(b) under-representation of residents from group 3 and 4A as compared to residents from group 2 and 4B
in public participation, even if noise exposure levels are comparable among these groups. At last, a lack
of awareness among residents from group 1A might be a drawback to noise action planning in situations
when environmental health protection has to compete with other interests associated with motorised traffic.
In political debates, residents from this group might contribute to health inequities indirectly, by arguing
against noise abatement measures that they perceive as mobility constraints.

5. Second Step towards a Refined Model: Adding Resources

Unequal access to resources explains differences in self-reported institutional coping behaviour
between population groups in MOVE. COR theory defines resources at the intra- and inter-individual
level. To embed our model on cognitive-motivational determinants of civic engagement and
environmental health (inequities) in social epidemiological research, we additionally present the reserve
capacity model developed to examine psychosocial, intra-, and inter-individual factors in the relationship
between social positions and physical health outcomes [31–33]. We are the first to use its conceptual
ideas in the context of environmental health and of distributional and procedural environmental justice.

In this second step, we essentially abide by Hobfoll’s notion of resources (objects, personal
characteristics, conditions, and energy resources) as such (see MOVE in Section 2), but re-arrange
them as elements of psychosocial resources (incl. personal characteristics and condition resources,
Section 5.1) and tangible resources (incl. objects, condition and energy resources, Section 5.2), according
to the reserve capacity model and as constituents of residents’ social position (incl. condition and
energy resources, Section 5.3).

5.1. Psychosocial Resources

In principle, the pathways to health inequalities in the reserve capacity model appear familiar
in social epidemiological research interested in bio-psycho-social mechanisms [80–83] (see also [84]
pp. 191–201 for a concise overview, see [85] for a conceptual model in the neighbourhood context):
Social differences in chronic or repeated stress experienced in different contexts (e.g., home, work, and
neighbourhood environments) cause inequalities in stress reactivity, in stress-related physiological
changes, and, finally, in morbidity and mortality (we may refer to this as the “direct pathway”).
The notion of stress as a “threat of or actual loss of resources” is borrowed from COR theory. Another
pathway emphasises the emotions (e.g., anger, frustration, anxiety, depressive symptoms; we may add
noise annoyance here) and cognitions that individuals develop in the stress response. These emotions
and cognitions are transformed into pathophysiology and mal-adaptive behaviour as predecessors
of mortality and morbidity. The cumulative loss of resources accounts for the enhanced stress
reactivity among individuals of lower social positions [31]. Low social positions are associated
with contexts posing high demands, while making it difficult to restore and to augment resources.
An increasing disparity between the resources spent and resources gained undermines an individual’s
reserve capacity (that is her or his resource aggregate). In the emotional-cognitive pathway to
health inequalities, the reserve capacity is located between stress as defined by resource loss and
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cognitive-emotional differentials. A diminished reserve capacity partly mediates or moderates negative
cognitions and emotions, mal-adaptive behaviours, and pathophysiological processes.

Empirical research mainly investigated the role of psychosocial resource aggregates
(as constructed by composite variables aggregating resources, see note 3 at the end of this paper).
When considered with COR theory, we think that the generalised expectancies of stimuli and
outcomes and civic engagement are psychosocial resources (personal characteristics in Hobfoll’s
COR theory) arising from interactions with the objective environment, as learning processes take
place in contexts characterised by quantitatively and qualitatively different resources (and stressors).
Accordingly, the learning, cognitive-motivational, and biological elements of CATS have been discussed
as mediating factors between social position and health outcomes capable of initiating spirals of
behavioural mal-adaption and pathophysiological changes [65,66]. A cross-sectional analysis [86]
corroborated the explanatory value of CATS for health inequalities, revealing:

• social gradients in the three kinds of outcome expectancies (positive, no control and negative) in
the expected directions, and

• positive correlations between a positive outcome expectancy and active, instrumental coping
strategies, as well as between generalised no control- and negative outcome expectancies and
passivity and depressiveness (see also [87]).

Likewise, social networks (condition resource in Hobfoll’s COR theory) may add up to the
psychosocial reserve aggregate in the reserve capacity model. The MOVE field study demonstrated
that residents exposed to higher levels of air and noise pollution had a less dense social network
relevant for both perceived behavioural control and performed institutional coping [27] (see the last
paragraph in Section 3.2).

The reserve capacity model is primarily concerned with social stressors (exposures). Nonetheless,
we link the moderation assumption to another line of argumentation: The attenuating effect of
psychosocial resources on the association between environmental exposures like air pollution and
(subclinical) physical health outcomes has been conceptualised in frameworks of environmental
justice [5,22,88–90]. Correspondingly, psychosocial resources including generalised stimuli and
outcome expectancies of the reserve capacity can be considered as effect modifiers in the direct
pathway between personal traffic-noise exposure and health, as they confer psychological vulnerability
and physiological susceptibility to exposures (incl. the feedback from the reserve capacity to stress due
to perceived or feared resource loss).

Reserve capacities need time to build up, as do residents’ generalised and stimulus-specific
expectancies of stress stimuli and outcomes (see Section 4.1). In the category of psychosocial
resources, we should therefore consider previous experiences and individual conditions affecting
current cognitive-motivational processes (condition resources). If perceived as effective, previous
civic engagement may encourage residents to expect more control over their traffic-related exposure
indoors and to develop positive outcome expectancies of future participation in environmental (noise
action) planning (as suggested by environmental psychological models and studies on noise annoyance,
see Section 3.1). Residents with chronic health conditions may see themselves confronted with repeated
non-contingencies between compliance and health outcomes and may generalise this helplessness
experience (cf. [48] for an example of learned helplessness induced by chronic pain (p. 146) or reflected
by depression (pp. 250–251)). In a similar vein, we suggest that hearing impairments may render
residents more prone to cognitive-motivational deficits and favour the generalisation of no control
expectancies, as speech intelligibility and communication is further impeded by traffic-related sound
masking [52,71]. To trace the spill-over effects of outcome expectancies in different stages in the
life-course, we ought to include response-outcome-relations learned in different contexts (e.g., strained
adaptive capacities due to high workloads and high social demands among middle-aged residents as
indicated by higher vulnerability to noise annoyance [91]) and their cumulative (or even multiplicative)
health effects [92].
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Figure 2 exemplifies the potential “entry points” for psychosocial condition resources, in addition
to personal characteristics.
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5.2. Tangible Resources

In addition to the psychosocial resource aggregate, the reserve capacity model includes tangible
resources, which remain somewhat elusive in the current state of this model. Tangible resources may
be related to “financial and material goods, which might otherwise offset tangible stressors such as
job loss, illness, or disability” (e.g., [32] p. 35). We suggest filling the tangible resource aggregate
with objects (e.g., sound insulating windows), other conditions (e.g., time spent at home or being
away), and energy resources (e.g., internet access). These objects and condition resources are studied
as modifiers of the health effect of traffic noise [93]. Aside from moderating the objective exposure
indoors [93,94], they may also contribute to maintaining or generating the psychosocial resource
aggregate. For example, home ownership, recognised as a resource for behavioural control and
institutional coping behaviour in MOVE, and a secondary residence, may convey a sense of having
opportunities and being in control of one’s living environment(s), thereby tempering the perceived
constraints that a resident may associate with escaping from traffic noise exposure (see [95] for a similar
argumentation). Further, internet access has turned out to be an important source of environmental
and political knowledge. Obliged to provide free access to environmental information by European
legislation, municipalities increasingly use the internet as a dissemination tool. In fact, e-participation
has been tested in a pilot study in the context of noise action planning [18] (see Section 1).

Finally, we may use some aspects of the soundscape approach [96] to make explicit
tangible condition resources in the residential environment where residents make stressful or
resource-replenishing experiences [31,32,85]. Traffic loads in the residential environment are linked to
urban functions and road networks. Built and green environments may buffer or mask traffic noise
levels and strengthen the perceived control over noise exposure via physical abatement, audio-visual
shielding, or natural soundscapes (see the study by [93] with respect to the association between quiet
sides and annoyance due to road traffic, further empirical studies [97–99] and reviews [100–102]).
What is more, if we focus on resources as required by MOVE, we should shed light on the relationships
between the stimulus and outcome expectancies in the absence of personal noise exposure: “According
to the conservation of resource model, when not currently confronted with stressors, people strive
to develop resource surpluses in order to offset the possibility of future resource loss” ([38] p. 517).
In this way, we may improve our understanding of whether or to what extent cognitive-motivational
resources are rooted in a residential environment free of the ambient stressor traffic noise.

Figure 3 shows the potential “entry points” for tangible resources.

5.3. Social Position

The income (energy resource) and education, age, and gender (condition resources) are
constituents of residents’ social position. The different conditions and energies of social position
can enhance or diminish differential environmental exposures and facilitate or impair differential
access to resources (re-)produced and (re-)allocated by the different logics of market, welfare, and civil
society [103,104]. To fathom health inequities, key relations hypothesised in our refined conceptual
model should be tested in subgroups defined by energy and condition resources (see the study by [105],
for example). If learning response-outcome expectancies is a key driver of loss or gain cycles, it is
reasonable to assume that trajectories of mental and physical health are interconnected with social
positioning over the life-course, as postulated by the reserve capacity model.
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6. Intervention Opportunities Based on Our Conceptual Model

If confirmed in empirical analyses, our model may justify intervention opportunities regarding:

• environmental and planning determinants (e.g., direct contributions to resource aggregates by
means of distributional “amendments” in the soundscape of residential environment, see the
project “QUADMAP QUiet Areas Definition & Management in Action Plans” [106], and
inplanning procedures promoting positive behaviour-outcome relationships);

• stimulus characterisations (e.g., figuring out where noise attributions are objectively unrealistic or
wrong);

• effective response options (e.g., learning new skills, expanding the coping repertoire, and
rectifying expectations of outcomes during participation processes).

for example (see [47] for entry points for intervention in the original reformulated learned helplessness
model as well as [107,108] pp. 364–365 for the idea of “empowerment through control” among others
authors). In doing so, planners should be aware of their own constraints and opportunities before
mobilising attention for participation in noise action planning and raising residents’ expectations, given
that “[ . . . ] control beliefs can be associated with poorer health outcomes under certain circumstances,
especially when expectations for control are high but opportunities to exercise it are constrained. [ . . .
]” ([87] p. 211).

More specifically, new noise priority indices could be developed using vulnerability profiles
according to the four patterns of cognitive-motivational determinants. As illustrated by the
so-called HARMONICA index for a better comprehensibility of information on environmental noise
exposure [13], results from public participation could be useful for the validation of such an index.
When designing participatory schemes, the patterns displayed in Table 1 may help include those
who are likely to be excluded and those who are likely to be critical of noise action planning. Finally,
the patterns may inform schemes for evaluating the impact of noise abatement measures on social
inequalities in exposure to traffic-related noise and health outcomes.

7. Conclusions

In view of increasing traffic loads [109–111], the END is supposed to protect and improve
residents’ health through noise action plans in urban areas. This paper raised concerns that
a sectoral, population-based intervention like noise action planning might account for additional
health inequities via (unintended) procedural injustice, as socially unequal participation may produce
further disproportionate exposures ([69], see [112] for a similar argumentation in this context).

Due to its resource perspective, MOVE offers a compelling theoretical basis to examine social
differences in civic engagement for environmental quality. Environmental psychological evidence
points out the adverse effects of intractable and chronic traffic noise on cognitions and emotions. Using
CATS and the reserve capacity model, we outlined a new conceptual model elucidating the linkages
between cognitive-motivational determinants of residents’ civic engagement and health (inequities)
for the first time. By describing cognitive-motivational vulnerability profiles, this model stresses the
need to target socially different population groups instead of focusing on the population average, as is
mostly frequently done in current environmental planning practice.

If validated in empirical studies, our conceptual model may indicate how to transform noise action
planning into an instrument conducive to health equity and could serve as a logic basis for evaluation.

Notes

(1) At this point, it would be worthwhile examining health differentials in relation to different
coping strategies in the context of chronic noise exposure, as done by van Kamp [57]. This study
used the Lazarus appraisal model on stress, coping, and health, while integrating the CATS notion
of physiological activation. The Lazarus model explains the stress process as it evolves from
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a specific source of stress and specific coping strategies. Conceptual parallels were drawn between
the Lazarus’ primary appraisal and stimulus expectancy, as well as secondary appraisal and outcome
expectancy [57]. However, CATS theorises the stress process on a more general level by conceptualizing
expectancies as decisive stress moderators and coping is defined as a positive outcome expectancy of
any behavioural response that an individual selects to face stress stimuli. Interestingly, the authors
of CATS deduced this coping concept from an experimental finding: “It was not the performance,
or the feedback from evaluation of the performance, that mattered, it was the subjective feeling of
being able to perform that reduced the stress responses” ([30] p. 878). This conception fits the TPB
predictors of coping intentions and coping performance. Moreover, CATS outcome expectancies
were shown to be translated into actual coping strategies, motivational and emotional responses ([86],
see Section 5.1). However, results on the beneficial health effects of problem-focused coping were
somewhat ambivalent [57]. There was no correlation between problem-focused coping and subjective
health complaints. Residents having a pronounced inclination to apply problem-focused coping fared
better in terms of subjective health when higher levels of noise stress were present. At the same
time, this type of strategy yielded higher levels of blood pressure, which might indicate a latent,
still unconscious health-related loss cycle due to an imbalance between resource investment and
replenishment. Similarly, a recent analysis indicated a protective effect of problem-focused coping
(reducing noise exposure indoors by closing windows, wearing earplugs; seeking contact with
neighbours and municipality) on subjective health [113]. Physiological measures were lacking in
this study.

(2) The current literature suggests dependencies between negative affectivity, noise sensitivity,
noise annoyance, and (subjective) health. The relationship between negative affectivity and noise
sensitivity still remains controversial [114].

(3) The authors of the reserve capacity model stress that the evidence base for the reserve capacity
model is far from being consistent and complete, especially with respect to the tenet of increased
stress reactivity in socially disadvantaged groups. In addition, the authors point out that empirical
evidence rests on studies treating resources as separate factors, regardless of the tendency of resources
to accumulate as claimed by COR theory. There is little evidence on resource aggregates, mostly
provided by the authors themselves and confirming the mediational part. In doing so, they constructed
composite variables aggregating psychosocial resources. However, the interactive and synergistic
effects of resources and the relative contribution of each resource remain largely unexplored—in spite
of their relevance for interventions in our view. We believe that the modelling of the “aggregate” needs
more exploration, in the form of cross-sectional and longitudinal analyses.
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