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Abstract Artificial lighting along coastlines poses a sig-

nificant threat to marine turtles due to the importance of

light for their natural orientation at the nesting beach.

Effective lighting management requires widespread sup-

port and participation, yet engaging the public with light

reduction initiatives is difficult because benefits associated

with artificial lighting are deeply entrenched within modern

society. We present a case study from Queensland, Aus-

tralia, where an active light-glow reduction campaign has

been in place since 2008 to protect nesting turtles. Semi-

structured questionnaires explored community beliefs

about reducing light and evaluated the potential for using

persuasive communication techniques based on the theory

of planned behavior (TPB) to increase engagement with

light reduction. Respondents (n = 352) had moderate to

strong intentions to reduce light. TPB variables explained a

significant proportion of variance in intention (multiple

regression: R2 = 0.54–0.69, P \ 0.001), but adding a

personal norm variable improved the model (R2 =

0.73–0.79, P \ 0.001). Significant differences in belief

strength between campaign compliers and non-compliers

suggest that targeting the beliefs reducing light leads to

‘‘increased protection of local turtles’’ (P \ 0.01) and/or

‘‘benefits to the local economy’’ (P \ 0.05), in combina-

tion with an appeal to personal norms, would produce the

strongest persuasion potential for future communications.

Selective legislation and commitment strategies may be

further useful strategies to increase community light

reduction. As artificial light continues to gain attention as a

pollutant, our methods and findings will be of interest to

anyone needing to manage public artificial lighting.

Keywords Marine turtles � Light pollution � Theory of

planned behavior � Persuasive communication � Public

engagement � Australia

Introduction

Increasing artificial light at night, as a result of coastal

development, is one of the major global threats facing

marine turtle populations (Eckert 1999; Witherington and

Martin 2000). Artificial lighting adjacent to nesting bea-

ches impacts turtles in two ways: It limits nest-site selec-

tion by adult females because they preferentially nest on

darker beaches (Salmon 2003), and it can disrupt the nat-

ural orientation of emerging hatchlings, due to hatchling

reliance on horizon brightness cues for sea finding (Limpus

and Kamrowski 2013; Salmon and Wyneken 1994).

Reducing use of light at night is challenging (Clark

2005). Excessive and extended nighttime light use is now

so commonplace around the world (Cinzano et al. 2001)

that most modern humans lack experience of naturally dark
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nighttime environments and perceive an artificially lit night

as being ‘‘normal’’ (Lyytimäki 2013). Light reduction

efforts may thus be limited by public apathy toward an

issue considered to be of little importance (Lyytimäki et al.

2012). Moreover, since brightly lit areas are generally

considered to be modern and safe (Morris 2002), while

darkness has long been associated with poverty, danger,

and evil (Lyytimäki and Rinne 2013; Packer et al. 2011),

initiatives to reduce light are often publicly criticized and/

or opposed (Lyytimäki 2013).

Effective management of artificial lighting close to

marine turtle nesting areas will require public participation

(Fischer and Young 2007; Lyytimäki and Rinne 2013), and

the first step in changing public behavior is widespread

positive engagement with the issue (O’Neill and Nichol-

son-Cole 2009). A framework to understand public

engagement, and constraints on engagement, with envi-

ronmental issues was developed by Sutton and Tobin

(2011), and applied within the context of coastal commu-

nity engagement with light reduction for turtle conserva-

tion in Queensland, Australia (Kamrowski et al. in press).

Despite high levels of community knowledge and concern

about the issue, individual light-glow reduction action was

found to be limited. Therefore, in the present study, we

examine the underlying beliefs of the same Queensland

community regarding intention to engage with the light

reduction recommendations and evaluate the potential for

these beliefs to be used via persuasive communication

techniques, based on the theory of planned behavior (TPB)

(Ajzen 1991; Ham 2007; Ham et al. 2008; Powell and Ham

2008). These techniques may be useful in increasing

engagement with light reduction behavior during the turtle

nesting season.

Study Context and Theoretical Background

The south Pacific stock of loggerhead turtles predomi-

nantly nests along the Woongarra coast of Queensland,

Australia, with most of the mainland nesting occurring at

Mon Repos beach (Limpus and Limpus 2003). Mon Repos

is situated within a conservation park; however, located

2 km south is the township of Bargara, a popular retirement

and tourist destination (Australian Bureau of Statistics

2007), which generates enough light at night to create a

conspicuous sky-glow (Fig. 1). Following reports of

emerging hatchlings heading toward the glow rather than

toward the ocean (Berry et al. 2013), the Queensland Parks

and Wildlife Service (QPWS) launched the ‘‘Cut the Glow

to Help Turtles Go’’ campaign in 2008. The campaign

predominantly used non-sequential communication (e.g.,

leaflets, stickers, and posters) to raise awareness of the

detrimental impact of community light on local turtles,

while providing advice for community members about

actions that could be taken to reduce light glow.

Although this campaign was recently shown to be suc-

cessful in raising community awareness of the issue, it was

found to be less successful in provoking actual light

reduction action (Kamrowski et al. in press). Extensive

research indicates that knowledge does not necessarily

translate into action (Kollmuss and Agyeman 2002; Lo-

renzoni et al. 2007; Owens 2000). The existence of this

‘‘value-action gap’’ (Blake 1999) highlights an inherent

difficulty in attempting to influence human behavior: An

individual’s environmental behavior depends upon com-

plex interactions between psychological, social, economic,

and environmental factors (Lorenzoni et al. 2007;

McKenzie-Mohr and Smith 1999; Stern 2000; Frey 1999),

tends to be context-specific, and is thus contingent on

specific benefits and barriers to action (Whitmarsh et al.

2011). As a result, any communication campaign aimed at

promoting widespread behavioral change requires a sound

basis in human psychology (Bator and Cialdini 2000), and

thus, an investigation of specific community beliefs related

to light reduction is essential for improving communication

efforts to provoke increased light reduction action.

One theoretical framework that has been successfully

used in communication research to motivate behavioral

change in natural resource management (see Brown et al.

2010; Ham et al. 2008) is the TPB (Ajzen 1991). In brief,

the TPB states that an individual’s actions are governed by

three sets of beliefs: (1) Behavioral beliefs relate to the

perceived consequences of a specific behavior and the

Fig. 1 Nighttime lights of the study region with location of Mon

Repos shown in relation to Bargara (inset: location within Australia).

Image and data processing of night light data by NOAA’s National

Geophysical Data Center. Defense Meteorological Satellite Program

data collected by the US Air Force Weather Agency
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likelihood of each outcome and lead to a positive or neg-

ative attitude toward the behavior; (2) normative beliefs

give weight to the expectations of important reference

individuals or groups, in combination with an individuals’

motivation to comply with others’ wishes and thus lead to

subjective norms regarding the behavior; and (3) control

beliefs relate to a consideration of factors that may facili-

tate or impede action, in combination with an appraisal of

the power of each to facilitate or impede action, leading to

perceptions of behavioral control (PBC). The TPB assumes

that an individual’s intention to engage with a specific

behavior is formed based on these attitudes, subjective

norms, and PBC, and furthermore, that these intentions can

be used to accurately predict behavior to the extent that the

salient beliefs remain the same when the time comes to

take action (Bamberg and Schmidt 2003). The TPB has

been widely applied across numerous behavioral domains

and has received good empirical support (see Ajzen 2001;

Armitage and Conner 2001). TPB investigations of pro-

environmental behaviors have included assessments of

recycling intention (Tonglet et al. 2004), intention to use

public transport (Heath and Gifford 2002), and intention to

engage in environmental activism (Fielding et al. 2008);

however, to the best of our knowledge, this is the first study

to use the TPB to explore intention to reduce artificial light

use.

In persuasive communication, the TPB is used to iden-

tify the three types of belief relating to a specific ‘‘target’’

behavior, since communications targeting the salient

beliefs of the intended audience are more likely to influ-

ence behavior than communications based on managers’

own beliefs, or guesswork (Brown et al. 2010). Identified

beliefs are then examined to determine whether any have

persuasive potential for use in a communication interven-

tion. Persuasive potential relates to those beliefs that

effectively differentiate individuals who already behave in

the desired way (compliers), from individuals who do not

(non-compliers). These beliefs can then be used in com-

munications that strengthen compliance and weaken non-

compliance with the target behavior (Ham et al. 2008).

Although shown to be a useful model for predicting

behaviors, there have been several attempts to improve the

predictive power of the TPB framework in recent years, by

including other potentially relevant behavioral antecedents

(Whitmarsh and O’Neill 2010). Personal norms relate to an

individual’s personal views about morally correct behavior,

that is, the self-imposed obligation humans feel to act

because ‘‘it’s the right thing to do’’ (Schwartz 1977; Stern

and Dietz 1994). The inclusion of a personal norm variable

to the TPB model has been found to improve predictions of

behavioral intentions, particularly when examining altru-

istic behaviors (Parker et al. 1995; Vermette and Godin

1996), including pro-environmental actions (Bamberg and

Schmidt 2003; Brown et al. 2010; Corbett 2005; Harland

et al. 1999). Since light use is increasing around the world,

and light pollution is known to have detrimental effects on

multiple species (Rich and Longcore 2006) including

humans (Lucas et al. 2014; Stevens 2009), an examination

of personals norms is extremely relevant to our assessment

of community intentions to reduce light use at night.

We elicited underlying beliefs of community intention

to engage with light-glow reduction recommendations and

compared belief strength between people who took light

reduction action and those who did not; as a means of

determining belief persuasion potential for future campaign

materials. We also evaluated the predictive benefit of

including personal norms in the TPB framework, related to

intention to take light reduction action. Our primary

objective was to explore methods of increasing light

reduction behavior in a community with high levels of

knowledge and concern, but low levels of light reduction

action (Kamrowski et al. in press). As further detrimental

impacts from artificial lighting are recognized worldwide

(Lyytimäki 2013), this study will benefit future efforts to

reduce light at night.

Methods

Materials for the ‘‘Cut the Glow’’ campaign suggest a

number of actions community members may take to reduce

light during the turtle nesting season. Following consulta-

tion with QPWS rangers to determine the light reduction

behaviors deemed to be most effective for reducing visible

light-glow, we selected three target behaviors (Ajzen 2002)

to use in our assessment:

(1) Turning off external lights more than usual during

the nesting season (Nov–Mar).

(2) Closing curtains and blinds when internal lights are

on more than usual during the nesting season (Nov–

Mar).

(3) Using motion sensor lights instead of constant

outdoor lighting during the nesting season (Nov–

Mar).

(hereafter referred to as ‘‘external lights,’’ ‘‘closing

curtains,’’ and ‘‘motion sensors,’’ respectively).

Following established procedures for measuring vari-

ables in the TPB framework, data collection occurred in

several phases (Ajzen 2002; Francis et al. 2004):

Belief Elicitation

We conducted semi-structured interviews with a sample of

residents in Bargara over 6 days in October 2011, prior to
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the commencement of turtle nesting season and any ‘‘Cut

the Glow’’ campaigning that year, and following well-

defined procedures (as detailed in Ham et al. (2008); see

also Ajzen 1991; Lackey and Ham 2003; Middlestadt et al.

1996). We asked a series of open-ended questions based on

the TPB framework, to identify salient attitudinal, norma-

tive, and control beliefs about light-glow reduction

behaviors. The interviews took no more than 30 min to

complete and were conducted until theoretical saturation

was achieved (i.e., the point at which additional interviews

provide little further information (Guest et al. 2006).

Saturation was reached after 23 interviews, and there was a

0 % refusal rate.

All responses were transcribed verbatim and indepen-

dently reviewed and reclassified by four coders into a smaller

set of previously defined categories (see Ham et al. 2008).

Only those responses that were coded into the same category

by three or more coders (75 % or higher agreement) were

retained. These beliefs were reviewed for frequency, and any

beliefs that appeared only once excluded from further ana-

lysis. Beliefs that remained were examined for persuasive

potential in a primarily non-sequential communication

campaign, for example, vague or redundant beliefs were

excluded (see Ham et al. (2008) for selection criteria), and

thus, 14 beliefs were chosen for further examination

(Table 1; see Online Resource 1 for frequency of response).

Three versions of a pilot questionnaire were constructed

to assess respondent beliefs regarding one of the three

specific light-glow reduction desired behaviors (‘‘external

lights,’’ ‘‘closing curtains,’’ and ‘‘motion sensors’’). These

were presented to a professional peer group and completed

by 16 Bargara residents during pilot testing, in September

2012. The questionnaires were modified following feed-

back to ensure clarity of questions and aims.

Questionnaire Distribution

Final survey distribution took place over 14 days at the

start of the ‘‘Cut the Glow’’ campaign period in November

2012. The questionnaire was confidential and self-admin-

istered. Bargara residents were recruited using a stratified

random door-knock approach, where houses on 100 ran-

domly selected streets were approached between 09:00 and

19:00 each day. All potential respondents were also asked

whether they owned or rented the property, since it would

be inappropriate to assess the specific ‘‘motion sensors’’

behavior in a rented property. The version of the survey

given out at each property thus depended upon the status of

the property, but the three versions were given out in

rotation, with ‘‘motion sensor’’ versions held back when

renters answered and given out to the next home owners

until equal numbers of each version had been distributed.

The aims and rationale of the survey were explained to

residents, and a time for collection arranged if the resident

was willing to take part. The researcher made up to three

collection attempts. Previous research recommends a sample

size of at least 80 respondents for TPB questionnaires

(Francis et al. 2004); thus, the objective of the present study

was to obtain 100 questionnaires for each of the three specific

behaviors, to allow for partial questionnaire completion or

missing data. In total, 494 doors were answered from 1010

approached houses on 96 streets, resulting in 352 completed

surveys (117 ‘‘external lights,’’ 120 ‘‘closing curtains,’’ 115

‘‘motion sensors’’), and a response rate of 71 %.

Table 1 The salient beliefs of residents in the coastal township of

Bargara, Queensland, Australia, regarding light reduction behavior

during the turtle nesting season, which were obtained during a qual-

itative study and taken forward for further examination in the quan-

titative questionnaires

Type of

belief

Belief Incorporated into which

quantitative

questionnaire version?

Positive

behavioral

belief

If I do X, I will be

protecting the local

turtles

All

If I do X, I will be helping

the local economy

If I do X, I will save money

Negative

behavioral

belief

If I do X, I will be harming

the local economy

If I do X, crime will

increase

If I do X, accidents will

increase

Positive

normative

belief

Other local residents think I

should do X

Local businesses think I

should do X

The Mon Repos Rangers

think I should do X

Positive

control

belief

Observing local turtles

would make it easier for

me to do X

Knowing other people are

taking action would make

it easier for me to do X

Legislation (regulations

with penalties for non-

compliance) to ensure X

was done, would make it

easier for me to do X

Positive

control

belief

Knowing where to buy

motion sensor lights

would make it easier for

me to do X

‘‘Motion sensors’’ only

Negative

control

belief

the added cost would make

it difficult for me to do X
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Survey Items

All items were measured on a seven-point scale. All three

questionnaire versions contained two questions to assess

compliance with the campaign and past behavior (‘‘Since

the campaign began in 2008, have you carried out X?’’;

along with ‘‘Since 2008, during the nesting season (Nov–

Mar), how often have you done X?’’ for the ‘‘external

lights’’/‘‘closing curtains’’ actions, or ‘‘If you answered

Yes, please explain why you did X’’ for the ‘‘motion sen-

sors’’ action). Each version contained identical questions to

assess respondent experience with local turtles (‘‘Have you

ever visited Mon Repos or other beaches to observe turtles

during the nesting season? If yes, how many times?’’, and

‘‘Do you/have you ever volunteer(ed) with turtles at Mon

Repos?’’), as well as demographic information.

Two items assessed each of the beliefs generated from the

elicitation study (also referred to as indirect measures of TPB

variables) (Table 1); one assessing belief strength and one

assessing an evaluative component of the belief (outcome

evaluation for behavioral beliefs, motivation to comply for

normative beliefs, and power for control beliefs), following the

recommendations of Ajzen (2002) and Francis et al. (2004).

Recommended procedures also include an examination of

direct measures of each TPB construct. Consequently, atti-

tudes to the specific behavior were measured using items

assessing both instrumental and experiential aspects of eval-

uation, as well as a measure of overall evaluation, with positive

and negative end points counterbalanced to reduce potential

response sets. Items assessing both injunctive (whether

important referents approve or disapprove of the behavior) and

descriptive norms (whether important referents perform the

behavior themselves) were included to assess direct measures

of subjective norm. Items assessing both self-efficacy and

controllability were included to capture direct measures of

perceived behavioral control. Personal norm was assessed

using three measures ‘‘I feel a personal, moral obligation to do

X during the turtle nesting season,’’ ‘‘It would be wrong of me

to NOT do X during the turtle nesting season,’’ and ‘‘I feel that I

should do X during the turtle nesting season.’’ Behavioral

intention was assessed using four measures ‘‘I am willing to do

X,’’ ‘‘I intend to do X,’’ ‘‘I plan to do X,’’ ‘‘I will do X’’ (Fishbein

and Ajzen 2010). Items assessing different constructs were

separated and dispersed through the questionnaire in a random

order following recommended procedures.

Analysis

Descriptive statistics were calculated for all measures, and

analyses appropriate for ordinal and normative data used for

comparisons. Internal reliability of constructs was assessed

by calculating Cronbach’s alpha, and performing bivariate

correlations between direct and indirect measures of the

same construct, as well as correlations between each measure

and intention (Francis et al. 2004) (Online Resource 2). For

the indirect measures of TPB constructs (beliefs; Table 1),

belief strength was scored in both a unipolar (1–7) and

bipolar (-3 to ?3) fashion, while the evaluative measure

was scored using a bipolar scale (-3 to ?3) only. Following

Ajzen (2002), the belief strength scoring scheme that gave

the strongest correlation between indirect and direct mea-

sures of each construct was used (Online Resource 2).

Bivariate correlation and multiple regression were used

to assess the importance of TPB variables, personal norm,

and past behavior, in predicting behavioral intentions for

the remainder of the nesting season. Belief strength was

also calculated for compliers (respondents who either

always perform the behavior, or choose to perform it more

during the nesting season) and non-compliers (respondents

who choose not to perform the behavior more than usual

during the nesting season) (Brown et al. 2010; Ham et al.

2008). Belief strength scores were then multiplied by

outcome evaluation scores to determine whether significant

belief differences existed between the two groups follow-

ing procedures detailed in Ham et al. (2008).

Results

Respondent Profile

Respondents were 16–87 years of age (mean = 50.1,

SD = 16.1), females made up 61 % of participants (mean

Table 2 Respondent intentions to engage with the light-glow

reduction behaviors

Behavior n Cronbach’s

alpha

Item Mean (SD)

scale range:

1 = disagree

to 7 = agree

‘‘External

lights’’

117 0.887 I am willing 6.46 (1.05)

I intend 6.22 (1.23)

I plan 6.13 (1.49)

I will 6.16 (1.3)

Overall 6.24 (1.28)

‘‘Curtains

and blinds’’

110 0.970 I am willing 5.43 (1.93)

I intend 5.18 (1.98)

I plan 5.2 (2.03)

I will 5.26 (2.0)

Overall 5.27 (1.98)

‘‘Motion

sensors’’

106 0.967 I am willing 5.19 (1.97)

I intend 4.75 (2.2)

I plan 4.53 (2.33)

I will 4.54 (2.33)

Overall 4.75 (2.22)

Environmental Management

123



age = 47.8, SD = 15.8; male mean age = 53.9,

SD = 16.1). Most respondents (65.3 %) had visited Mon

Repos to observe turtles, but given the mean length of

residence in the area for these respondents (9.5 years), the

median number of visits to Mon Repos was low (2 visits,

n = 210). Very few respondents had volunteered at Mon

Repos (0.04 %).

Determinants of Specific Behavioral Intention

Overall participants had positive (moderate to strong)

intentions to engage in behaviors to reduce light in the

upcoming nesting season, with the strength of the intention

marginally decreasing as the commitment to engage

increased (from ‘‘I am willing’’ to ‘‘I will’’) (Table 2).

The mean, standard deviation, and correlation of inten-

tion with attitude, subjective norm and PBC items, as well

as the Cronbach’s alpha score for each construct, and

correlations between direct and indirect measures of the

same construct, are presented in Online Resource 2. Atti-

tudes toward taking light-glow reduction actions for turtles

were positive overall (direct measures’ mean: 5.25–6.08,

SD: 1.27–1.71). Using the indirect attitude measures,

respondents showed weak–moderate positive attitudes

toward light reduction action for turtles (Online Resource

2).

Overall direct measures of subjective norms were rated

as moderately in favor of the light-glow reduction efforts

for turtles, that is, in general respondents feel a moderate

social pressure to reduce light during the nesting season

(mean of direct measures for the three actions being:

4.25–5.29, SD: 1.79–1.96). Indirect measures indicated

residents feel a very weak-to-weak social pressure toward

taking light-glow reduction actions for turtles (Online

Resource 2). However, respondents had a moderately

strong belief that other people important to them engaged

with light-glow reduction behaviors frequently (descriptive

norms) (mean: 4.42–5.52, SD: 1.63–1.9) and also had a

weakly positive belief that other people important to them

supported their engagement in light-glow reduction

behaviors (injunctive norm) (mean: 3.99–4.12, SD:

1.63–1.9).

Overall direct measures of perceived behavioral control

had low reliability (\0.53); however, removal of the

question ‘‘whether I do X is completely up to me’’

increased the reliability to an acceptable level (a = [0.8)

in all three versions of the survey. Therefore, this question

was removed from further analysis (Bryman 2004). Direct

measures indicated that respondents reported moderate to

strong control over their own ability to take light-glow

reduction actions for turtles (mean: 5.33–6.38, SD:

1.11–2.03), that is, the three light-glow reduction behaviors

can be considered relatively easy. Respondents who were

questioned about ‘‘external lights’’ reported a greater

feeling of control over light-glow reduction than respon-

dents who were questioned about the other two behaviors.

Indirect measures indicated that respondents experienced a

very weak-to-weak positive level of personal control over

light-glow reduction for turtles (Online Resource 2).

Collectively, the three measures assessing personal

norms (Table 3) were significantly correlated with inten-

tion and had high internal reliability for each of the three

light-glow reduction behaviors. Respondents reported a

positive moderate to strong personal norm to comply with

the light-glow reduction recommendations.

Bivariate correlations of direct measures and intention

indicated that: attitudes (P \ 0.01), subjective norms

(P \ 0.001), PBC (P \ 0.001), personal norms (P \ 0.001),

and past behavior (P \ 0.01) were all significant predictors

of intention to engage with all three specific light-glow

reduction behaviors for the remainder of the turtle nesting

season. Multiple regression analyses showed that the TPB

variables (attitudes, subjective norms (SN), and PBC)

explained a significant proportion of the variance in inten-

tion to engage with light-glow reduction: (‘‘external lights’’:

R2 = 0.54 (F = 36.6, P \ 0.001); ‘‘closing curtains’’:

R2 = 0.69 (F = 65.18, P \ 0.001); ‘‘motion sensors’’:

R2 = 0.64 (F = 53.18, P \ 0.001)), and all three variables

were significant predictors of intention to engage with

‘‘external lights’’ and ‘‘closing curtains’’ (attitude: b = 0.24/

0.38, P \ 0.01; SN: b = 0.45/0.19, P \ 0.05; PBC:

b = 0.25/0.39, P \ 0.01). Subjective norm and PBC were

significant predictors of intention to engage for ‘‘motion

sensors’’ (SN: b = 0.34, P \ 0.001; PBC: b = 0.54,

P \ 0.001), but attitudes were not. The addition of personal

norm improved the model, explaining a higher proportion of

the variance in intention to engage (‘‘external lights’’:

R2 = 0.79 (F = 85.9, P \ 0.001); ‘‘closing curtains’’:

R2 = 0.74 (F = 61.3, P \ 0.001); ‘‘motion sensors’’:

R2 = 0.73 (F = 58.6, P \ 0.001)). For all three behaviors,

personal norm was a significant predictor of intention to

engage (b = 0.85/0.42/0.58, P \ 0.001).

Entering frequency of past behavior, as the final pre-

dictor variable based on bivariate correlations, did not

significantly improve the model for ‘‘external lights’’ or

‘‘closing curtains’’ [‘‘external lights’’: R2 = 0.78 (F =

61.7, P \ 0.001); ‘‘closing curtains’’: R2 = 0.74 (F =

48.3, P \ 0.001)]. However, for ‘‘motion sensors’’, adding

past behavior as the final predictor variable, significantly

improved the model: R2 = 0.85 (F = 93.5, P \ 0.001). In

this model, neither subjective norms (b = 0.05, P = 0.5)

nor PBC (b = 0.12, P = 0.08) was significant predictors

of intention to engage; however, personal norm was still

the strongest predictor of intention to engage (b = 0.54,
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P \ 0.001) followed by past behavior (b = 0.42,

P \ 0.001) and attitude (b = -0.12, P \ 0.05).

Compliance with Light Reduction

Compliers with the ‘‘external lights’’ and ‘‘closing cur-

tains’’ light-glow reduction recommendations were classi-

fied by either reporting YES to ‘‘since 2008 have you

performed the behavior in question more than usual during

the nesting season’’ or those who reported NO, but then

specified they always did the behavior regardless (7 on the

scale) (Table 4). For the behavior ‘‘motion sensors,’’

compliers were considered those who responded YES they

had installed motion sensor lights since 2008 instead of

external lights, as well as those who responded NO, but

who already had motion sensor lights installed. For all

three behaviors, people who responded N/A since they had

only recently moved to the area were excluded from further

analysis.

The beliefs regarding the light-glow reduction recom-

mendations that were found to significantly differ in

strength between compliers and non-compliers are shown

in Table 5. Refer to Online Resource 3 for the comparisons

for non-significant beliefs.

Two behavioral beliefs and one normative belief dif-

fered significantly between compliers and non-compliers

across all three specific light-glow reduction behaviors.

However, there were no control beliefs that significantly

differed across the three behaviors. Compliers in all three

versions rated motivation to comply with the referent group

‘‘Mon Repos rangers’’ more highly than non-compliers.

Further examination indicated that across all three behav-

iors, 72.9 % of compliers had visited Mon Repos, com-

pared to only 53.2 % of non-compliers. Analysis using the

chi-square test of association indicated that compliance

with the ‘‘Cut the Glow’’ campaign and having visited Mon

Repos were related (v2 (1, 331) = 13.34, P \ 0.001).

Discussion

Recommendations for Light Reduction

Communications

Although public support and participation is vital for the

success of conservation initiatives (Lyytimäki and Rinne

2013; Fischer and Young 2007), few studies provide spe-

cific insights into methods of increasing engagement with

well-defined pro-environmental behavioral objectives,

based on empirical research (Zint and Wolske 2014). This

study measured coastal community beliefs about light-

glow reduction for turtle conservation to provide insights,

which will be discussed below, into how managers may

effectively communicate with members of the public to

improve engagement with light reduction actions.

Table 3 Measures of personal norm and correlation to intention to engage with the light-glow reduction behaviors

Behavior n Cronbach’s alpha Item Mean (SD) Correlation

with intention

‘‘External lights’’ 117 0.837 ‘‘I feel a personal obligation to do X’’ 5.87 (1.42) 0.785*

‘‘It would be wrong to NOT do X’’ 5.98 (1.38) 0.679*

‘‘I feel that I should do X’’ 6.09 (1.51) 0.858*

Overall 5.98 (1.44) 0.855*

‘‘Curtains and blinds’’ 110 0.922 ‘‘I feel a personal obligation to do X’’ 4.82 (2.06) 0.732*

‘‘It would be wrong to NOT do X’’ 5.29 (2.03) 0.735*

‘‘I feel that I should do X’’ 4.70 (2.09) 0.790*

Overall 4.94 (2.07) 0.810*

‘‘Motion sensors’’ 105 0.908 ‘‘I feel a personal obligation to do X’’ 5.02 (1.89) 0.665*

‘‘It would be wrong to NOT do X’’ 4.93 (2.02) 0.699*

‘‘I feel that I should do X’’ 4.97 (2.04) 0.886*

Overall 4.97 (1.98) 0.821*

* P \ 0.01

Table 4 Percentage of compliers and non-compliers with the light-

glow reduction recommendations

Behavior n Percentage

compliers

Percentage

non-compliers

Turn off external lights

more than usual

111 67.6 (n = 75) 32.4 (n = 36)

Draw curtains and blinds

more than usual

112 47.3 (n = 53) 52.7 (n = 59)

Replace external lights with

motion sensors

113 43.4 (n = 49) 56.6 (n = 64)

Overall 336 52.7 (n = 177) 47.3 (n = 159)
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Using a framework based on the TPB (Ajzen 1991), we

found that respondents had moderate to strong intentions to

engage in three specific light-glow reduction actions during

the turtle nesting season. Respondents overall had weak to

moderate positive attitudes, experienced weak to moderate

social pressure, and reported a weak to strong control over

their ability to take light-glow reduction actions during the

nesting season. Although these are encouraging findings,

there is significant scope for improvement and strength-

ening of these existing beliefs. We also found that TPB

variables: attitudes, subjective norms, and perceived

behavioral control (PBC) were important in predicting

intention to engage with all three light reduction measures.

Thus, our findings add to the numerous studies that validate

the TPB as a useful predictive model of behavioral inten-

tion and also support our choice of framework for guiding a

targeted communication strategy (see Brown et al. 2010;

Foy et al. 2007; Ham et al. 2008; MacDonald 2011 for

examples of effective persuasive communication inter-

ventions underpinned by the TPB).

The best TPB model obtained during our analyses

accounted for 85 % of the variance in behavioral intention

and incorporated personal norms and past behavior ante-

cedents. Although this is notably higher than variance in

intention documented in previous studies, of between 41

and 50 % (Morris et al. 2005), there remains a proportion

of explainable variance that is unaccounted for. Previous

studies have found that demographic variables may provide

additional predictive capacity (Armitage et al. 2002; Lobb

et al. 2007; Morris et al. 2005). Although we did not assess

whether demographic variables influenced respondents

beliefs and behavioral intentions with regards to light

reduction, this could be assessed in future research.

Following established techniques in communications

research (Brown et al. 2010; Ham et al. 2008), we elicited

salient community beliefs about light reduction behavior

and compared the strength of these beliefs between com-

pliers and non-compliers. Overall, we found 10 beliefs that

significantly differed between individuals who complied

with the light-glow reduction recommendations, and indi-

viduals who did not: three of which significantly differed

across all three specific light reduction behaviors exam-

ined. This indicates that the salient beliefs about light

reduction that exist in this community do have persuasion

Table 5 Salient community beliefs about light reduction that significantly differed in strength between compliers (C) and non-compliers (NC)

Type of belief Belief Specific behavior Mean belief

strength (-3 to

?3 or 1–7)

Mean evaluation

(behavioral)/mean

motivation to

comply (normative)/

mean power

(control) (-3 to ?3)

Mean cross product

(individual belief

score multiplied by

evaluation/

motivation to

comply/power score,

then mean taken)

Difference

between C

and NC

C NC C NC C NC

Behavioral Increased protection

of turtles

‘‘External lights’’ 2.32 1.77 2.91 2.46 6.92 4.86 2.06*

‘‘Curtains and blinds’’ 6.14 4.52 2.82 2.32 16.47 10.72 5.75**

‘‘Motion sensors’’ 2.3 0.83 2.76 2.62 6.58 2.3 4.28**

Benefits to local

economy

‘‘External lights’’ 2.07 1.49 2.73 2.43 5.88 4.23 1.65^

‘‘Curtains and blinds’’ 5.51 4.24 2.63 2.32 14.83 10.19 4.64*

‘‘Motion sensors’’ 2.02 0.51 2.69 2.41 5.8 1.38 4.42**

Saving money ‘‘Motion sensors’’ 1.67 -0.02 2.46 2.07 4.64 0.18 4.46**

Normative Mon Repos rangers ‘‘External lights’’ 6.12 5.63 1.47 0.57 10 4.83 5.17^

‘‘Curtains and blinds’’ 6.35 5.4 1.43 0.34 9.47 3.31 6.16*

‘‘Motion sensors’’ 6.56 5.65 1.46 0.48 10.65 3.73 6.92*

Other residents ‘‘Curtains and blinds’’ 4.22 3.12 0.08 -0.84 2.76 -1.4 4.16*

Local businesses 3.9 3.02 -0.41 -1.4 0.92 -2.33 3.25^

Control Observing turtles ‘‘External lights’’ 6.33 6.14 1.76 0.83 11.8 5.86 5.94*

‘‘Motion sensors’’ 2.43 2.18 1.1 -0.15 3.64 0.19 3.45*

Other peoples actions ‘‘Curtains and blinds’’ 3.98 3.54 0.51 -0.42 3.63 0.21 3.42^

Legislation ‘‘Motion sensors’’ -0.81 -1.21 -0.26 -0.3 3.21 1.3 1.91*

I know where to buy 2.5 1.72 0.81 -0.13 2.6 0.08 2.52^

Scoring scheme follows recommended procedures in Ajzen (2002)

** P \ 0.001; * P \ 0.01; ^ P \ 0.05
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potential for use in targeted communication efforts. We

would recommend that managers responsible for future

‘‘Cut the Glow’’ campaign materials target the following

beliefs: Taking light reduction action will lead to

‘‘increased protection of local turtles,’’ ‘‘benefits to the

local economy,’’ and that the ‘‘Mon Repos rangers approve

of my taking light reduction action,’’ since these beliefs

differed most strongly between compliers and non-com-

pliers and therefore have the strongest persuasion potential.

We added the additional antecedent ‘‘personal norms’’

to the TPB framework to determine whether it would

provide increased predictive power related to intention to

take light reduction action (Bamberg and Schmidt 2003;

Brown et al. 2010; Corbett 2005; Harland et al. 1999;

Parker et al. 1995; Vermette and Godin 1996). Indeed, we

found personal norms to be the strongest predictor of

behavioral intention across all three behaviors, and the

inclusion of a personal norm variable in the TPB frame-

work greatly improved predictions of intention to take light

reduction action. Consequently, we suggest that, in com-

bination with the specific beliefs identified above, manag-

ers also utilize a personal norm appeal in future campaign

materials. This combination of messages in a targeted

communication (combining an identified behavioral belief

with a personal norm appeal) has been used successfully in

the past to significantly impact desired visitor behavior in

protected area management (Ham et al. 2008).

Our results also suggest that further work may be nec-

essary for effectively increasing engagement with the

specific behavior ‘‘using motion sensor lights instead of

constant outdoor lights.’’ Perceived behavioral control

(PBC) was a strongly significant predictor of intention to

engage in this specific behavior, which only became non-

significant when past behavior was added into the model.

Similarly, attitudes were only found to be a significant

predictor of intention to engage with this behavior after

past behavior was added into the model. Although intui-

tively obvious, this implies that once an individual has

motion sensor lights, it is easier to engage with this light

reduction action; thus, people with pro-environmental

attitudes would likely use motion sensor lights. However,

for those individuals who do not have motion sensor lights,

pro-environmental attitude is unlikely to result in engage-

ment—rather it is an individual’s perceived ability (PBC)

to replace their lights that is crucial for intention to engage.

These findings indicate that our study would likely have

benefitted from an examination of beliefs pertaining to the

installation of motion sensor lights, rather than use of

motion sensor lights, as a first step. Although we did not

explore this directly, we did find a moderate to strong

belief, held by both compliers and non-compliers, that

motion sensor lights would cost them money. Non-com-

pliers were also significantly less likely to know where to

buy motion sensor lights than compliers and were also

significantly less likely to believe that using motion sensor

lights would save them money. Knowledge of the existence

of these beliefs can guide future efforts to increase com-

munity use of motion sensor lights, by providing a starting

point for understanding the benefits and barriers associated

with motion sensor installation.

Implications for Legislative Action

A recent parliamentary report (Pudmenzky 2013) called for

state government legislation to reduce light glow in this

region of Queensland, as a means of protecting the local

turtle population. Legislation is currently used to regulate

light use close to turtle nesting beaches in the USA (Bar-

schel et al. 2013); for example, in Florida the Department

of Environment, the agency responsible for marine turtle

management, developed a model lighting ordinance to

protect turtles from beachfront lighting. The model ordi-

nance was founded on the 1973 Endangered Species Act

and the 1995 Florida Marine Turtle Protection Act, which

prohibit any ‘‘take’’ of marine turtles, with ‘‘take’’ defined

as any activity which harasses or harms the animals (Butler

1997). The model ordinance has been adopted by 82

Florida local governments in whole or in part, however,

using such legislation to enforce human behaviors per-

taining to artificial light usage in Florida has been found to

be unpopular and difficult to enforce (Barschel et al. 2013).

We found that residents who did not comply with light-

glow reduction recommendations reported a positively held

belief about the beneficial existence of legislation to ensure

light-glow reduction, but only for the behaviors ‘‘turning

out external lights more than usual’’ and ‘‘replacing

external lights with motion sensors.’’ This indicates that

legislation may be helpful in ensuring compliance with

these two actions.

Yet, for the action ‘‘using motion sensor lights instead of

constant outdoor lighting during the nesting season,’’ per-

ceived constraints related to cost and knowledge exist in

this community (discussed above). Prior to imposing leg-

islation to enforce compliance with using motion sensor

lights, further work would first need to explore whether

these perceptions are accurate or not (i.e., do respondents

have a correct—or inflated—idea of potential costs

involved?). Next, the issue of cost would need to be

addressed either through the use of offsets or subsidization

schemes (if cost perceptions are accurate) or through

education regarding the real cost of motion sensor lights (if

cost perceptions are inflated). Clear instructions of where to

procure the required lights would also need to be given.

Failing to adequately address these strongly held local

beliefs would likely limit public acceptance of legislative

measures (Stoll-Kleemann 2001).
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Conversely, for the behavior ‘‘turning off external lights

more than usual during the nesting season,’’ both compliers

and non-compliers had a moderate to strong positive belief

that this light-glow reduction action would save them money.

Thus, legislation for this specific action may be more easily

accepted by the local community, especially if the belief that

there was a financial incentive to comply was reinforced when

informing residents of the legislative measure.

Given that cost is a salient influence on resident light

reduction behavior, linking the existing light-glow reduc-

tion campaign with energy-efficiency initiatives may be a

useful management strategy. The Federal government’s

Department of Social Services provides home energy-

saving advice via a free helpline (Australian Government

2013); thus, this information should be highlighted in

future ‘‘Cut the Glow’’ campaign materials. Moreover,

although the state government in Queensland provides

energy-saving incentives to businesses, currently there are

no such incentives for residential energy use; however,

these are being considered as part of the Queensland

Energy Management Plan, which will be implemented by

2020 (DEEDI 2011). Yet, residential energy-efficiency

schemes are in place in other Australian states (namely

New South Wales, Victoria, South Australia and the Aus-

tralian Capital Territory) where energy suppliers are obli-

gated to meet certain energy targets by establishing energy-

saving initiatives for households (Energy Action 2013).

Should a similar initiative be implemented in Queensland

in the near future, our findings indicate that by highlighting

the financial incentives of reducing light, managers may

increase light reduction behavior in this community. This

example also indicates how policy instruments may be

integrated with public communications as a means of

increasing desired pro-environmental behaviors such as

reduced light use (Ross and Dovers 2008).

Additional Considerations and Future Avenues

for Research

We have identified specific beliefs that will be valuable to

target in future campaign materials. However, the next step

in communications research involves a consideration of the

elaboration likelihood model (ELM) (Petty and Cacioppo

1986). In basic terms, the amount of mental effort an

audience gives a message is directly related to the enduring

nature of any change in attitude. Thus, the persuasive

potential of a communication depends both on identifying

target beliefs (as detailed in this study), but also presenting

the target beliefs in such a way as to maximize elaboration

or mental effort [by making the argument easy to under-

stand and believable (Bator and Cialdini 2000)]. Although

outside the scope of the present study, previous research

has demonstrated the utility of using the TPB to identify

message content, followed by the ELM to guide the com-

munication strategy, to successfully motivate behavior

change in protected area management (Brown et al. 2010).

Thus, future work should consider the ELM when pre-

senting the target beliefs we have identified in this study.

Our study did not take habitual behavior into account.

Previous studies have shown habit is likely to have a strong

influence on future behavior (Ouellette and Wood 1998),

yet theoretical knowledge underpinning this relationship,

and accepted methods of measuring the influence of habit

on behavior using survey research, are not well-developed

at present (but see Bamberg and Schmidt 2003; Knussen

and Yule 2008). Two of the behaviors we examined

(‘‘turning off external lights’’ and ‘‘closing curtains and

blinds’’) are likely to be habitual behaviors. Such behavior

is not always the result of conscious deliberation (Van

Vliet et al. 2005); thus, the value of using persuasive

communication to influence these habitual behaviors may

be questioned. Yet, research indicates that habitual

behaviors pertaining to the environment may be open to

influence, particularly through the use of personal norms

(Thøgersen and Ölander 2006). Moreover, it has been

argued that human behavior is always regulated at some

level, albeit possibly a low level, of cognitive effort, even

when the behavior is routine (Bamberg et al. 2003).

Related to the discussion of habit, it is possible to dis-

tinguish between three types of environmentally friendly

resource-use behaviors: investment, management, and

curtailment (McKenzie-Mohr 1994, 2000b). According to

this theory, investment requires a once only change in

behavior, whereas repetitive actions (e.g., habits) require

either management or curtailment, which in turn necessi-

tate an initial behavior change plus continued maintenance

of that change. As such, changing repetitive behaviors and

maintaining that change is considered more difficult than

bringing about one-time-only actions. However, repetitive

actions are deemed susceptible to influence using certain

social marketing strategies (McKenzie-Mohr 2000a). Of

particular relevance to the present study is the use of

commitment strategies (Pallak et al. 1980). Individuals

who make a minor commitment to a certain behavior are

significantly more likely to engage in a more extensive

commitment to the same behavior later (McKenzie-Mohr

1994). This is due to a phenomenon termed ‘‘cognitive

dissonance’’ (Cialdini 1993; Festinger 1962), that is, indi-

viduals prefer to both be, and be seen as, consistent in their

behavior. Thus, offering residents a free ‘‘I Cut the Glow to

help Turtles Go’’ sticker and encouraging them to display

it, for example (Bator and Cialdini 2000), is likely to

increase community commitment to light-glow reduction,

despite the habitual nature of several of the desired light

reduction behaviors, while also acting to advertise the issue

via interpersonal communication.
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We also found a significant association between com-

pliance with the light-glow reduction actions and having

visited Mon Repos beach to view local turtles. Given that

compliers had a significantly stronger motivation to com-

ply with the referent group ‘‘Mon Repos rangers,’’ this may

imply that visiting Mon Repos increases the importance of

the Mon Repos rangers as a normative influence on local

people (which is important since it is the rangers who carry

out the light-glow reduction campaign), subsequently

leading to a greater motivation to comply with campaign

recommendations. Alternatively, visiting Mon Repos may

increase residents’ connection to the turtles, making the

consequences of their behavior more ‘‘real.’’ Thus, a fur-

ther strategy for increasing engagement with light-glow

reduction would be to encourage local residents to visit

Mon Repos during the nesting season, possibly using

reduced entry fees for locals or similar.

Future work could also assess tourist beliefs pertaining to

light reduction behaviors since Bargara is a popular tourist

destination (Pudmenzky 2013) and therefore light produced

by visitors would likely contribute to the glow visible at

Mon Repos. A large proportion of visitors to Bargara take

part in ‘‘turtle tours’’ at Mon Repos (Tisdell and Wilson

2005) and would thus be exposed to the ‘‘Cut the Glow’’

message. Therefore, given our finding of a significant

association between light reduction and visiting Mon

Repos, an examination of visitor beliefs pertaining to light

reduction would be an interesting and useful comparison.

Finally, we are basing our campaign-improving recom-

mendations on behavioral intentions since measuring actual

behavior at a community scale would be logistically diffi-

cult and was not possible given the time constraints of the

present study. Although reviews of TPB across a variety of

behaviors have indicated good predictive capacity in both

behavioral intentions and actual behavior (Armitage and

Conner 2001), future research would benefit from a long-

term study to determine whether the recommendations we

have made do translate into behavior change.

Conclusions

Artificial lighting is a well-known, major threat affecting

marine turtles around the world (Eckert 1999; Witherington

and Martin 2000), and there is a rapidly growing body of

evidence that artificial light adversely impacts many other

species, including humans (Chepesiuk 2009; Lyytimäki

2013; Rich and Longcore 2006; Stevens 2009). Yet globally,

our use of light is increasing (Elvidge et al. 2011; Pestalozzi

et al. 2013). As recognition of this threat continues to

develop, effective methods for reducing public use of light at

night will become more important to both managers and

society. Currently, however, the numerous benefits

associated with artificial lighting make it difficult to gain

support for light reduction initiatives (Lyytimäki 2013).

Previous research has shown that educating individuals

about negative impacts of artificial lighting is not sufficient

(Blake 1999; Kollmuss and Agyeman 2002; Lorenzoni et al.

2007; Owens 2000), and legislation to enforce individuals’

light reduction behavior is difficult to enforce and unpopular

(Barschel et al. 2013).

We demonstrate that determining salient beliefs

regarding light reduction in a community where light

reduction is desirable provides useful information to

increase the persuasion potential of public communica-

tions. We also show that utilizing personal norms in such

communications is likely to be a valuable strategy for

increasing light reduction behavior. Consequently, this

study provides an important contribution to this field and

will hopefully stimulate necessary further research.
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Thøgersen J, Ölander F (2006) The dynamic interaction of personal

norms and environment-friendly buying behavior: a panel study.

J Appl Soc Psychol 36(7):1758–1780

Tisdell C, Wilson C (2005) Does Tourism contribute to sea turtle

conservation? Is the flagship status of turtles advantageous? MAST

3(2):145–167

Tonglet M, Phillips PS, Read AD (2004) Using the theory of planned

behaviour to investigate the determinants of recycling behaviour:

a case study from Brixworth, UK. Resour Conserv Recy

41(3):191–214. doi:10.1016/j.resconrec.2003.11.001

Van Vliet B, Chappells H, Shove E (2005) Infrastructures of

consumption: environmental innovation in the utility industries.

Earthscan, London

Vermette L, Godin G (1996) Nurses’ intentions to provide home care:

the impact of AIDS and homosexuality. AIDS Care

8(4):479–488. doi:10.1080/09540129650125669

Whitmarsh L, O’Neill S (2010) Green identity, green living? The role

of pro-environmental self-identity in determining consistency

across diverse pro-environmental behaviours. J Environ Psychol

30(3):305–314

Whitmarsh L, O’Neill S, Lorenzoni I (2011) Engaging the public with

climate change: behaviour change and communication. Earth-

scan Ltd., London

Witherington B, Martin RE (2000) Understanding, assessing, and

resolving light-pollution problems on sea turtle nesting beaches,

2nd edn, rev. Florida Fish and Wildlife Conservation Commis-

sion, Marine Research Institute, Technical Report TR-2, St.

Petersburg, FL

Zint M, Wolske KS (2014) From information provision to participa-

tory deliberation: engaging residents in the transition toward

sustainable cities. In: Mazmanian D, Blanco H (eds) The Elgar

companion to sustainable cities: strategies, methods and outlook.

Edward Elgar Publishing, Northampton MA

Environmental Management

123

View publication statsView publication stats

http://dx.doi.org/10.1016/0016-3287(94)90111-2
http://dx.doi.org/10.1023/a:1013085302589
http://dx.doi.org/10.1037/0033-2909.124.1.54
http://dx.doi.org/10.1111/j.2044-8309.1995.tb01053.x
http://ssrn.com/abstract=2237410
http://ssrn.com/abstract=2237410
http://dx.doi.org/10.2139/ssrn.2237410
http://dx.doi.org/10.1007/978-1-4612-4964-1_1
http://dx.doi.org/10.1007/978-1-4612-4964-1_1
http://dx.doi.org/10.1111/j.1467-8500.2008.00585.x
http://dx.doi.org/10.1111/j.1540-4560.1994.tb02420.x
http://dx.doi.org/10.1016/j.resconrec.2003.11.001
http://dx.doi.org/10.1080/09540129650125669
https://www.researchgate.net/publication/263396243

	Potential Applicability of Persuasive Communication to Light-Glow Reduction Efforts: A Case Study of Marine Turtle Conservation
	Abstract
	Introduction
	Study Context and Theoretical Background
	Methods
	Belief Elicitation
	Questionnaire Distribution
	Survey Items
	Analysis

	Results
	Respondent Profile
	Determinants of Specific Behavioral Intention
	Compliance with Light Reduction

	Discussion
	Recommendations for Light Reduction Communications
	Implications for Legislative Action
	Additional Considerations and Future Avenues for Research

	Conclusions
	Acknowledgments
	References


