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Abstract 

Conservation of wildlife is an integral part of sustainable development of a nation and 

conservation education needs to remind citizens of how they can play their part. Signs are one 

of the commonly used low-cost tools to educate the public about different facts and actions 

necessary to conserve wildlife. I investigated whether a sign increased recall of specific facts 

about kiwi predators. I used a single-case, multiple-baseline-across-site design with an 

ABAB reversal design. At the intervention site The National Kiwi Hatchery, Rotorua, visitor 

recall increased when the sign was present, compared to when it was absent.  At the control 

site, Hamilton Zoo, where no sign was placed, recall was similar to sign-absent conditions at 

the intervention site and did not change over the study period. My research provides evidence 

that signs can be effective low-cost behavioural interventions. 

 Keywords: signage, conservation, behavioural intervention, ABAB, multiple baseline 
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A Second at the Sign: 

Signage Increases Visitors’ Recall of Wildlife Information at a Kiwi Hatchery 

Wildlife conservation is or should be an integral part of human lives. To think that we 

can ignore the call for conservation action would be ignorant of the fact that wildlife is in 

every way influencing our lives and those of future generations. Conservation can be woven 

into our daily lives if we are aware of the impact of our behaviours on the lives of the 

different species on this planet.  

The Conservation Act (1987) in Aotearoa defines conservation as “The preservation 

and protection of natural and historic resources for the purpose of maintaining their intrinsic 

values, providing for their appreciation and recreational enjoyment by the public, and 

safeguarding the options of future generations” (Conservation Act, 1987). Conservation of 

natural resources has benefited our understanding of the past and our future in terms of 

evolution of our civilisations and nature (Zheng et al., 2024). Learning about extinction and 

destruction of natural resources directs us towards sustainable development for the future. A 

lot of our understanding about conservation comes from institutions and facilities that 

actively seek to make contributions to and promote conservation (Godinez & Fernandez, 

2019; Heimlich & Ardoin, 2023). Such facilities are mainly zoos, aquariums, museums, 

national parks, botanical gardens, heritage sites, protected areas, and reserves, but are not 

limited to these.  

Curators of zoos, aquariums, and botanical gardens have the same goal as those of 

museums; to educate the public about conservation using exhibits, with the only difference 

being that they use live exhibits in their facilities (Mason, 2000). In the past, they mainly 

strived to amuse and educate, and to engage in scientific research and species preservation 

(Bostock, 1993; Mason, 2000; Smith et al., 2008). Very often these objectives were 
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interwoven rather than discrete, creating a learning environment for educating people about 

the value of ecosystems and the importance of biodiversity (Godinez & Fernandez, 2019; 

Greenwell et al., 2023; Mason, 2000). Conservation of biodiversity contributes enormously to 

regulation and formation of cycles, composition of environmental processes, biological 

control, and primary food production, which are some of the major functions of ecosystems 

(Mittermeier & Konstant, 2001). 

In recent decades, conservation projects like captive breeding and population 

management programmes have promoted education and brought awareness to visitors about 

preserving diversity and survival of rare and endangered species (Ballantyne et.al., 2007). 

Conservation of flagship species also leads to conservation of less popular species by 

preserving shared habitats (Ballantyne et.al., 2007; Moscardo et al., 2004). Most facilities 

actively seek public help in conservation efforts as the public are the main co-inhabitants in 

the local biodiverse regions, and little can be done by a few facility staff or activists. There is 

increased research in the field of conservation and organisations and governments are coming 

forward to fund studies as the impact of conservation is also seen in the economic 

development of a nation (Ballantyne & Packer, 2011), with increasing reliance on the natural 

world for maintenance of spiritual and psychological wellbeing, recreation, ecotourism, and 

scientific research (Mittermeier & Konstant, 2001). Institutions are actively creating and 

promoting public awareness through education about choices and behaviours of individuals 

and societies that are necessary to reduce if not negate the environmental problems that the 

world is facing. The main challenge is inducing behavioural change in individuals and groups 

that is environmentally friendly and eventually aligning with sustainability as behaviour is the 

direct or indirect cause of these major issues (Ballantyne & Packer, 2011; Nickerson, 2003).  
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Conservation in Aotearoa 

In Aotearoa, conservation of wildlife has always been a central theme in the culture 

and public policies of the nation. Conservation efforts focussing on native species have 

helped bring back endangered species to stable population numbers. According to the 

Department of Conservation (2025), a major challenge of protecting native species in 

Aotearoa is the surging populations of introduced predators. Eradicating them seems an 

impossible task and controlling their population is one of the main challenges but also an 

important step in this process. This is where public awareness about not only the native 

species but also about the role of predators come into play. The Department of Conservation 

website (https://www.doc.govt.nz/) provides information regarding steps to control pest and 

threats to native species including flora and fauna. A major topic of concern is the protection 

of Aotearoa’s endemic national icon, the kiwi, from its predators. Being the flagship species 

for conservation, the kiwi represents not only the uniqueness of Aotearoa’s wildlife but also a 

natural heritage (Department of Conservation, n.d.). There are only around 70,000 kiwi left in 

the country and, without predator control, their numbers will decline by 2% each year 

(Department of Conservation, n.d.). Educating the public about these facts, especially of the 

threat of mammalian predators like dogs and cats, may make people aware of this important 

issue and bring about more public efforts in controlling such threats.   

Conservation Education 

As annual visitors to wildlife facilities keep increasing, these facilities offer an 

important opportunity to educate the public. The primary motive of visits to wildlife facilities 

is not always for education, but research has shown that the majority of them have a learning 

agenda (Roe & McConney, 2014) and many people are willing to gain information about 

conservation and also to teach their children something meaningful during these visits 

(Ballantyne & Packer,2016; Collins, 2018; Falk, 2011; Ham & Weiler, 2012; Massarani et 
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al., 2022). A major aim of including education in wildlife facilities is to increase knowledge 

and create awareness among the public about conservation steps they can take which will 

lead to decreased negative impacts on wildlife (Ballantyne et.al., 2007; Moscardo et al., 2004; 

Ogden & Heimlich, 2009). The extent of learning in such informal settings has been 

discussed by many (e.g., Collins, 2018; Falk, 2011; Hofstein & Rosenfeld, 1996; Packer & 

Ballantyne, 2004). Packer and Ballantyne (2004) suggest that in free-choice learning 

environments like zoos and aquariums, education and entertainment can be synergistic. The 

authors suggest that visitors often view learning as part of the entertainment experience, 

allowing such settings to offer 'learning for fun’, a blend of education and entertainment. 

Packer (2006) further found that even visitors without educational goals may engage in 

meaningful learning. There is also extensive research about factors that significantly improve 

visitor knowledge (He & Chen, 2012) and how specific behaviours can be changed by 

providing more focussed educational messages on simple doable actions (Guo et al., 2017; 

Roe & McConney, 2014). Researchers have emphasised the need to consider the highly 

individualistic nature of learning, and the different factors influencing individual learning 

outcomes (Anderson et al., 2003; Ballantyne & Hughes, 2003; Collins, 2018; Heimlich & 

Ardoin, 2023; Hughes et al., 2011). Zeppel and Muloin (2025) also reiterate that on-site 

learning improved conservation behaviours of visitors after analysing tourist learning.  

An important aim of conservation education is to ensure the public learns information 

about adopting environmentally sustainable behaviours (Heimlich & Ardoin, 2023). For the 

purpose of my study, I defined learning as the recall of information. This is a small, yet 

important, behaviour change that facilities can bring about in their visitors.  

Interpretation and Signage 

Interpretation is one of the most effective options nature-based tourism facilities rely 

on for inducing learning and behaviour change (Hughes, 2013; Kim et al., 2011; Roberts et 
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al., 2014; Zheng et al., 2024). Interpretation is a broad term used for various tools and 

services used to communicate information in verbal, written, or non-verbal forms to the 

visitor so that the visitor can effectively interpret the message being conveyed. This includes 

but is not limited to educational signage, prints, guided/self-guided walks, talks, and 

interactive activities/tools (Ham & Weiler, 2012). Interpretation mainly helps visitors learn 

about the consequences of their behaviour and thus minimise their impacts on wildlife (Ham, 

2007; Kim et al., 2011; Moscardo et al., 2004). There have been many studies supporting the 

effectiveness of high-quality interpretation services in enabling learning and behaviour 

change of visitors (e.g., Edney et al., 2023; Lee et al., 2023; Marschall et al., 2017).  

Signage is one of the most common and cost-effective interpretative tools used in a 

variety of settings. It is one of the most common non-personal communication channels used 

in nature-based recreation and tourism settings to influence visitor behaviour in terms of 

conservation and safety (Aley et al., 2024; Girasek, 2019; Moscardo et al., 2004). Roe et al. 

(2014) provided a systematic analysis of the different types of education communications 

used in 176 zoos from 50 countries and reported that signage was the most prevalent form of 

communication used by 97% of them and an average of 95% visitors read some exhibit signs. 

Signage is also convenient as the information on a sign will be present at the location 

regardless of staff presence or timing (Ballantyne & Hughes, 2003). It can be installed at 

remote places where regular staff cannot be deployed and in crowded or public spaces where 

directions, guidelines, warnings, and other information needs to be displayed (Allbrook & 

Quinn, 2020; Moscardo et al., 2004). From merely presenting facts and information in the 

past, signs have evolved in their role to educate viewers, especially in wildlife tourism. They 

are now designed to attract the viewer’s attention, improve learning, and promote behaviour 

change (Ballantyne & Hughes, 2003; Gessa & Rothman, 2021; Hughes, 2013; Marschall et 

al., 2017; Zhong et al., 2025). 
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Signage as Behavioural Intervention 

 Several studies have explored the different characteristics of signage in bringing 

about effective behaviour change. Ballantyne and Hughes (2003) provide an extensive 

Interpretative Signs Checklist for effectively designing, evaluating, and improving 

educational signs to promote environmental behaviour of visitors. Meis and Kashima (2017) 

reviewed evidence of effectiveness and characteristics of signage and recommended the use 

of clear and unambiguous messaging to improve effectiveness. Sotés et al. (2020) further 

reiterated the importance of having standardised safety signage systems. Based on their 

survey research of beach users and lifeguards, they recommended that a simple signage 

system that is easy to understand and familiar across different locations would avoid 

erroneous interpretation. However, through a field study, Newcomb and Newcomb (2020) 

explored wordings of signs and found that, regardless of textual formatting, littering was 

reduced in the presence of a sign. Rice et al. (2023) investigated the vast body of research 

conducted on the efficacy of message wording style on signage and found that the graphic 

design, quality, and typeface are equally relevant when it comes to communicating the 

message and bringing about behaviour change in visitors. Yang (2024) analysed the different 

designs and elements of information signage and found that punitive warning signs were 

more efficient than positive educational signs in curbing visitor depreciative behaviour of 

treading over vegetation, with presence of both signs significantly reducing the behaviour 

when compared to a no-sign condition. 

Point-of-decision or point-of-choice prompts are signs displaying visual and/or verbal 

information placed at the point of occurrence of a certain behaviour or choice with the intent 

to modify it (Lee et al., 2024). Prompts are antecedent stimuli that effectively change a target 

behaviour (Cooper et al., 2020). Prompts have shown to effectively increase pro-

environmental behaviours like promoting waste reduction, and resource and energy 
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conservation (Gemmecke et al., 2025). Signage has been used as an effective prompt in 

modifying behaviour in a variety of settings and with different populations.  

Signs have successfully altered recycling and conservation behaviour of people. Signs 

with informational prompts placed directly above recycling receptacles were effective 

antecedents for increasing recycling behaviour in office environments (Austin et al., 1993) 

and a university cafeteria (Werner et al., 1998). Not only did they increase recycling 

behaviour but also increased knowledge of the appropriate recycling behaviour (Werner et 

al., 1998; Wu et al., 2018). Sussman and Gifford (2012) tested signs with visual prompts as a 

behavioural intervention to increase frequency of “lights off” behaviour in washrooms and 

found it to significantly increase the behaviour compared to when no signs were present.  

The use of signage as an intervention to change stair-using behaviour has been an 

extensive topic of research for the intervention’s scalability and feasibility. Stair use 

increased significantly with the use of signs in different settings like fitness facilities (Pillay 

et al., 2009), university campuses (Grimstvedt et al., 2010), workplaces (Bungum et al., 

2007), and underground train stations in both high and low socioeconomic areas (Ryan et al., 

2011). Bauman et al. (2016) conducted a meta-analysis of 50 studies published between 1980 

and 2014 using point-of-decision signs as interventions and provided evidence of an over 

50% increase in likelihood of stair use with the use of motivational signs. Puig-Ribera et al. 

(2019) investigated the effects of signage on stair use by pooling workplace studies and found 

an increase in stair descent supporting the use of signage as an intervention for behaviour 

change. Kahn et al. (2002) conducted a systematic review to summarise community-based 

interventions to increase physical activity and found that the percentage of people using stairs 

increased in the presence of point-of-decision signs, implying the effectiveness of signs in 

increasing physical activity. Updated reviews that included more studies in different settings 

and populations (Caputo et al., 2022; Jennings et al., 2017; Landais et al., 2020; Lee et al., 
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2024; Soler et al., 2010) found strong evidence for signage interventions effectively 

increasing stair-use behaviour. 

Signs have been used effectively not just to increase, but also to decrease frequency of 

target behaviours. A systematic review by Gupta et al. (2020) gave evidence of the 

effectiveness of point-of-sale signage on sugar-sweetened beverages on reducing purchasing 

behaviour. In their experimental evaluation of signs describing potential legal and financial 

risks for entering a dangerous river, Girasek (2019) found that signs significantly reduced 

water-entering behaviour. In the art world, Fullerton et al. (2024) found that basic 

behavioural prompting techniques using three different messaging conditions effectively 

reduced the occurrences of harmful display-touching behaviour in a museum, with little 

difference in the outcomes of the three different messaging approaches. 

Researchers investigating signage effectiveness have provided evidence of behaviour 

change of visitors in both captive and non-captive wildlife facilities. Different informational 

signs have reduced knocking behaviour of visitors in aquariums, reducing acoustic 

disturbances for resident fish species (Kratochvil & Schwammer, 1997). Sherwen et al. 

(2014) found that signage accompanied by personnel in uniform was effective in reducing 

visitor’s negative behaviour which included making noise and interacting with zoo animals. 

Marschall et al. (2017) empirically tested if interpretative signage can modify tourist 

behaviour at a seal-watching site in Iceland. Their results showed that shouting was reduced 

in the presence of signage, regardless of the type of signage. However, the authors also found 

that signs with teleological (instructions with explanation) information were more effective 

than ontological (instructions without explanation) ones. Allbrook and Quinn (2020) studied 

the effects of regulatory signs intended to decrease visitor approaches towards colonial 

island-nesting birds on an unmanaged island and found that the signs dramatically increased 
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the distance between visitors and birds resulting in less displacement of the birds from their 

nests. 

The Present Study 

As facilities in Aotearoa rely heavily on the use of signage for conservation purposes, 

a study that provides evidence on the ability of signs to educate the public will be 

informative. The Kiwi Advocacy Project is an initiative that brings together facilities 

involved in conservation in Aotearoa to participate in research supporting and advocating 

conservation of wildlife, especially of kiwi, using signage as a low-cost intervention. As part 

of their accreditation, facilities housing kiwi are required to provide evidence of their 

advocacy efforts for their membership in Zoo and Aquarium Association Australasia (ZAA). 

The Chief Executive Officer of Orana Wildlife Trust, Rachel Haydon (formerly the General 

Manager of The National Aquarium of New Zealand, Napier), based in Christchurch, 

approached Dr. Rebecca Sargisson, from the University of Waikato, to collaborate on 

research for the Kiwi Advocacy Project. Multiple hui were undertaken to establish a 

collective goal and determine which facilities in New Zealand were able to participate in this 

study. Two facilities that agreed to participate in the project were assigned to me.  

One of the sites housed kiwi and was designated as the intervention site. The other 

site, which did not house kiwi was designated as the control site. I investigated whether 

introducing a new sign at the intervention site would increase recall of information of 

visitors. For this purpose, a single-subject design was implemented, where at the intervention 

site, the sign was absent during baseline and present during intervention phases. At the 

control site, the sign was not used in any phase. I measured recall of information of the 

specific information about kiwi predators on the intervention sign by participants through a 

questionnaire. Data were collected from both the sites during different phases and compared 

across phases and sites to determine the effectiveness of the sign as an intervention to 
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increase recall of information. Based on previous research findings of effectiveness of 

signage in changing behaviour, I hypothesised that the presence of the intervention sign 

would increase recall of specific information about kiwi predators. 
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Method 

Sites 

I conducted the study at two sites: Hamilton Zoo and The National Kiwi Hatchery 

(TNKH), Rotorua. The Hamilton Zoo, which had no kiwi, was the control site and TNKH, 

which housed kiwi, was the intervention site. Both the sites gave written consent for 

collecting data from visitors through online questionnaires.  

Participants  

Participants for this study were visitors who completed the questionnaire at each of 

the participating sites. The approximate number of monthly visitors in 2024, as provided by 

the respective sites, was between 1000 and 2000 at TNKH and approximately 4600 at the 

Hamilton Zoo. The number of participants who completed the questionnaire was lower than 

these numbers as not all visitors chose to complete the questionnaire and data from visitors 

who disclosed that they were under the age of 16 were excluded. Total number of responses 

received was 858 from TNKH and 162 from the Hamilton Zoo. Of these, only 766 completed 

responses from TNKH and 126 competed responses from Hamilton Zoo were recorded for 

this study. The excluded responses were mainly from participants who were below the age of 

16 or incomplete ones. 

Design  

A single-case, multiple-baseline-across-site design was used to evaluate the effect of 

signage on visitor behaviour. An ABAB reversal design (baseline, intervention, return to 

baseline, reintroduction of intervention) at the intervention site was used to demonstrate 

experimental control and to improve internal validity. The duration of each phase was 

decided after the visual analysis of data points. The intervention was introducing a new sign 

(Appendix A) with information about the main predators of kiwi at the intervention site. The 

intervention sign included images of the four main predators of kiwi and information relevant 
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to kiwi conservation. At the control site, data were collected for the same period but with no 

phase changes, to test whether visitor knowledge of kiwi predators changed across time and 

in the absence of the intervention. 

Ethical Approval 

Ethical approval was given by the Division of Arts, Law, Psychology, and Social 

Sciences Human Research Ethics Committee under delegated authority of The University of 

Waikato Human Research Ethics Committee (Approved Project no. FS2025-12). 

Project Registration 

This project was pre-registered with Open Science Framework (OSF; https://osf.io/). 

The preregistration can be found at https://doi.org/10.17605/OSF.IO/2NY8V. Two changes 

were made to the study once it commenced. First, to account for variability in, and low rates 

of, response numbers at both sites, 4-day averages were used to calculate mean scores instead 

of daily averages. Second, a reversal design was introduced at the intervention site as the sites 

gave permission to continue the study. 

Procedure 

 Baseline data collection began at both sites at the same time on the 04th of July 2025. 

During the baseline phases of the study, a QR code link to the questionnaire (Appendix B) 

was displayed on a poster (Appendix C) on stands at two locations at the control site, inviting 

visitors to participate in the questionnaire through the online platform Qualtrics 

(https://www.qualtrics.com/). One poster was placed near the indoor cafe or zoo exit and the 

other was placed along the path to the outdoor cafe cum playground area inside the zoo 

premises. The poster was also distributed as a flyer at the control site entrance. At the 

intervention site, the QR code link to the questionnaire (Appendix D) was included in the 

post-visit email from the site and promoted by staff using a flyer (Appendix E) to visitors on 

their way back in the shuttle van from the site to the main reception at the end of their visit. 
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For a phase to document a pattern and to meet evidence standards without reservation, 

Kratochwill et al. (2010) recommended a minimum of five data points in each phase and 

more if the data are not stable, in other words, if there is high variability, outliers, or trending 

data. After stable and sufficient data were obtained during the baseline phase at both the sites, 

the TNKH site representative was notified, and a request was sent to have the intervention 

sign ready for installation. However, the representative introduced the intervention before 

confirming the date to install and the intervention was first introduced at TNKH on the 16th of 

August 2025. Consequently, the last datapoint in the baseline for TNKH was lower than all 

previous datapoints for the site, but we started collecting data for the intervention as it was 

expected to increase the number of questions answered correctly. The intervention sign about 

the predators of kiwi (Appendix A) was put up in the entry area of TNKH and an additional 

question was included in the questionnaire for TNKH about viewing the sign (Appendix F). 

All other questions, QR code links, and locations were the same at both sites as in the 

baseline phase.  

After stable data were obtained for the intervention phase and as per the intervention 

site’s request, the return-to-baseline phase was introduced at the intervention site on the 31st 

of October 2025. For the return-to-baseline phase, the intervention sign at TNKH was 

covered with a poster featuring non-predator-related content. All contents of both the 

questionnaire, QR code links, and locations were the same as the initial baseline phase at both 

the sites. Following stable data, the intervention was reintroduced on the 20th of November 

2025. For the reintroduction of intervention phase, the intervention sign was unhidden, and 

the additional question about viewing the sign was again included in the questionnaire at 

TNKH. All other conditions were similar to those of the intervention phase. The Hamilton 

Zoo continued as a control site and used the same questionnaire throughout the study without 
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the intervention. After stable data were obtained during the last intervention phase, data 

collection ended on the 14th of December 2025. 

 Recruitment was self-driven by the participants by scanning the QR code link. The 

QR code was advertised as collaborative research between the respective sites and The 

University of Waikato. When the QR code was scanned and the link of the questionnaire 

clicked, the participant was directed to an online Qualtrics page (Appendices B, D, and F) 

detailing the study information and providing a consent checkbox before the first page of the 

questionnaire appeared. Participants were also asked if they were over 16 years of age on the 

initial information page of the questionnaire. If they selected “No”, they did not proceed to 

the questionnaire. Participants could withdraw at any time before clicking the final submit 

button by closing the browser window. After this, withdrawal of data was not possible 

because all data were anonymised. 

The questionnaire included three multiple-choice questions related to the main 

predators of kiwi. Each correct answer received a score of 1, and each incorrect answer 

received a score of 0. An individual participant’s total score ranged from 0 to 6. Participants 

were asked the following questions to assess knowledge about the main kiwi predators:  

1. What are the four main predators of kiwi? (Answer: Stoats, Dogs, Cats, Ferrets; max 

= 4 points)  

2. What predator is the biggest threat to kiwi chicks? (Answer: Stoats; 1 point)  

3. What predator is the biggest threat to adult kiwi? (Answer: Dogs; 1 point)  

The dependent variable was the mean of all participants’ total scores at that site across 

4 consecutive days.  

Formula  

Score (per site per data point) = Sum of all participants’ total scores across 4 

consecutive days at the site ÷ Number of participants in those 4 consecutive days at that site.  
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 The number of responses varied at both sites with some days having no responses.   

Incentives 

An option was presented to participants to provide their email address if they wished 

to receive a copy of the research outcomes and/or participate in future research. A debrief 

email (Appendix G) was sent to participants who completed the questionnaire and provided 

their email addresses. Email addresses were stored separately from questionnaire responses 

and were not linked to any data.  

Participants were also presented an option to provide their email address if they 

wished to participate in a draw to win a prize at each of the facilities. Participants who opted 

to take part in the draw from the two sites went into draws to win prizes provided by the 

facilities (small kiwi prize by The National Kiwi Hatchery, Rotorua, and a family pass by 

Hamilton Zoo). As per the sites’ requests, I chose winners randomly from the list of email 

addresses provided by participants who opted to be included in the draw (from their 

respective facilities) and these two facilities were provided with email addresses of the 

winners. Only designated facility staff received the email addresses of winners for prize 

distribution purposes. Data will be stored indefinitely. No personal information identifying 

participants was collected within this research.  

Data Analysis  

I used Microsoft Excel (Version 2508; https://excel.cloud.microsoft) to record data 

and to produce all figures. As the design met evidence standards without reservations, as 

outlined by the What Works Clearinghouse (WWC) (Kratochwill et al., 2010), I conducted 

behaviour analytic visual analysis to demonstrate evidence for a relationship between the 

intervention and the recall of information about kiwi predators by documenting level, trend, 

and variability of data points. I examined graphed results and assessed the changes in 

behaviour within and between different phases by documenting immediacy of the effect, 
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proportion of overlap, and consistency of data points. I calculated effect size using percentage 

of non-overlapping data (PND). PND is the percentage of intervention phase data points that 

exceed the highest data point in the baseline phase (when behaviour increase is expected), 

with higher PND showing larger effect (Johnston et al., 2019). PND scores over 90% reflect a 

very effective intervention, between 70-90% is effective, 50-70% questionable, and scores 

below 50 ineffective (Scruggs & Mastropieri, 1998). 
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Results 

Level, Trend, and Variability 

Figure 1 shows the data collected at both sites during the different phases of the study. 

Throughout the entire study, data from the Hamilton Zoo displayed a variable but stable 

pattern. The mean score was 3.93 and ranged from 2 to 6. 

Figure 1 

Mean Recall Score in 4-Day Intervals at Both Sites 

 

Note. The vertical lines indicate each phase change. The horizontal dotted lines indicate trend 

and the horizontal dashed lines indicate mean or levels in each phase. 

 

During the initial baseline phase at TNKH stable data were obtained. The mean score 

during this phase was 3.44 and ranged from 2.71 to 4.04 with a stable trend. During the first 

phase of intervention at TNKH, data were slightly variable but at a higher level compared to 

baseline phase. The mean score during this phase was 4.71 and ranged from 4 to 5.33 with a 
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slightly increasing trend. In the return-to-baseline phase, data were slightly variable but at a 

lower level than in intervention phase and at a similar level to the initial baseline phase. The 

mean score during this phase was 3.63 and ranged from 3.21 to 3.91 with a stable trend. 

During the final intervention phase, a high and stable level of data was obtained. The mean 

score during this phase was 4.47 and ranged from 4.33 to 4.57 again with a stable trend. 

Immediacy of Effect 

In Figure 1, there is a clear, immediate effect of the intervention in both the initial and 

return-to-intervention phases.  

Proportion of Overlap 

PND for the first intervention phase was 94.44% and for the second intervention 

phase was 100%, implying very little overlap between intervention and baseline phases.  

Consistency of Data Patterns 

At the intervention site, during both baseline phases there was consistency in the data 

points and the values were lower than the intervention phases. During both intervention 

phases, the data points were consistently above the scores of those in baseline phases. 

 The baseline data at the intervention site were mostly within the same range of values 

as the control site. Throughout the study, the mean score of participants on the kiwi predator 

items raised only during the two intervention phases. In other words, the mean scores were 

higher in phases in which the sign was present and lower in all other phases in which the sign 

was absent. 
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Discussion 

I used a questionnaire to evaluate the effect of signage on visitor recall of information 

about kiwi predators. I hypothesised that in the presence of the intervention sign, visitors’ 

recall of specific information would increase. My findings supported my hypothesis. 

Figure 1 gives clear evidence of an increase in recall of information when comparing 

the baseline data with the intervention data. Data from the control site show no change in 

mean score across the experiment, showing that in the absence of a sign, visitors’ recall did 

not improve. The mean of the control site data was also lower than the intervention phase 

data implying an effective increase in recall of information in the presence of the intervention 

sign. The high PND scores support the effectiveness of the intervention. Strong causal 

inference from the ABAB design in this study suggests that recall of information was 

increased in the presence of sign. 

My results support previous research findings of the effectiveness of signs as 

interventions for behaviour change, especially the findings of Werner et al. (1998) who 

demonstrated increased knowledge when using signs to convey information and messages. 

Like their study, I measured participant recall using questionnaires to provide evidence of 

actual behaviour change. My findings add to the growing research that signage is a simple yet 

effective behavioural intervention to increase target behaviours in public places like 

campuses (Nettle et al., 2012; Platter & Pokorny, 2017), wildlife facilities (Kratochvil & 

Schwammer, 1997; Marschall et al., 2017) and for bringing about effective behavioural 

change for the benefit of the greater good (Hamilton & Rane, 2022; Werner et al., 2002).  

Many environmental problems are rooted in human behaviour and relevant changes in 

these behaviours can help to reduce environmental impacts. Not all people can make drastic 

changes in the environment, but each person can make a meaningful change in their daily 

lives by adopting comparatively better behaviours for the environment (Osbaldiston & 
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Schott, 2012). Behaviour-specific knowledge and skills that can be provided at conservation 

facilities are factors that motivate the change in behaviour of individuals (Kim et al., 2018; 

Stern, 2000; Zhang et al., 2020). There is a significant positive correlation between an 

individual’s increase in knowledge of environmental issues and their behaviour towards 

positive environmental actions (Abdullah et al., 2019; Situmorang et al., 2020). Providing 

information can make visitors more aware of inappropriate behaviours and their 

consequences, reminding them of their responsibilities and alternative behaviours they can 

adopt (Luo et al., 2020). A lack of knowledge about environmental issues, potential solutions, 

and ways to modify behaviour could potentially lead individuals to contribute negatively to 

conservation as they may think that their efforts do not matter (Kim & Stepchenkova, 2019). 

Interventions that provide information are usually aimed at increasing an individual’s 

knowledge and awareness of the impact of their behaviours on the environment and to 

increase knowledge of alternative behaviours as new knowledge is assumed to change their 

attitude and in turn the relevant compliant behaviour (Cornelisse & Duane, 2013; Khan & 

Thomas, 2023; Steg & Vlek, 2009). Increased knowledge as measured by participant recall of 

information is an important initial behaviour change that would support actionable steps the 

general population could take in conservation efforts. 

Strengths 

For a behavioural intervention to be effective, it must be systematically planned, 

implemented and evaluated (Steg & Vlek, 2009). A causal relationship between an 

independent variable and a dependent variable can be experimentally evaluated using single-

subject designs, which address the internal validity by systematic replication and the structure 

of the study’s design (Kratochwill et al., 2010). According to What Works Clearinghouse 

(WWC) (Kratochwill et al., 2010), ABAB and multiple-baseline designs with sufficient 

phases meet the evidence standards without reservation; if there are four phases per case and 
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at least five data points per phase. The robust design of my study that meets these standards 

give confidence in the results and gives very strong evidence of the use of signage as an 

effective behavioural intervention. The consistency of level, trend, and variability within each 

phase along with the immediacy of the effect, proportion of overlap, consistency of data 

points across the different phases all provides a strong basis for a causal relationship. 

Assessing and measuring the intended behavioural outcome is a crucial requirement to ensure 

that the intervention had been effective (Lange & Dewitte, 2019).  

The dependent variable at the intervention site was compared with data from a control 

site that was completely independent of the intervention site, and located in a different city in 

New Zealand, providing further evidence of the stability of the baseline data in the absence of 

an intervention, and confidence in the baseline knowledge of visitors to wildlife facilities in 

New Zealand about kiwi and their predators. At both sites, data were collected over an 

extended period in all phases demonstrating the stability of the effect. This included normal 

working days and school holidays in the initial baseline and intervention phases. As the study 

was conducted in an applied setting with a heterogeneous sample, it gives high ecological 

validity. Signs are used in a variety of settings and populations, and so my results support the 

use of signs to increase recall of information of individuals, which was the initial behaviour 

change we intended to induce in visitors. 

Limitations 

Conducting studies in applied settings results in less experimental control. Factors like 

the presence of staff at the intervention site could have affected the time and attention the 

sign was given by visitors, as staff presence has been previously found to positively affect 

behaviour change (Marschall et al., 2017; Sherwen et al., 2014; Tay et al., 2023). TNKH 

conducts a guided tour for all visitors with different staff at different times. So, we cannot be 

sure that staff at TNKH did not verbally emphasize the information in the sign. The location 
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of the sign, especially at the beginning of the itinerary, can positively influence the recall of 

information and the attention of visitors (Bourdeau & Chebat, 2003), which could have been 

a reason for the higher recall of information in my study, as the intervention sign was placed 

in the entrance area of TNKH. These limitations at TNKH could have been addressed by 

introducing the intervention sign at the Hamilton Zoo, but this was not a possibility as 

Hamilton Zoo did not house kiwi and gave approval to be a control site with only data 

collection. An additional approach may have been to relocate the sign to a different location 

at TNKH, where staff presence was minimal to eliminate potential bias and to test the effect 

of the location. This would mean more phases with replication which was beyond the scope 

of this study. 

The low response numbers at the Hamilton Zoo means that data collected from there 

are based on a much lower sample size, which likely contributed to the variability in those 

data. A better approach may have been to ask visitors to complete the questionnaire on an 

iPad as they were leaving the zoo, however, we unfortunately did not have the resources to 

support this approach. 

Future Directions  

It is important to study long-term effects of interventions. Arndt et al. (1992) 

suggested that more studies are needed to evaluate the long-term recall of information as 

most measurements of recall through questionnaires are immediately collected from visitors 

on-site. In my study, participants at the intervention site were given QR code flyers when 

they returned from the site and sent post-visit emails which were completed at a later time. 

Responses could have been received from half an hour after viewing the sign up to a few 

days later. Measuring individual recall delay could provide data on length of recall of 

information. A follow-up questionnaire at a later date could be useful to measure long-term 

recall. Most researchers also recommend collection of long-term measures of recall a few 
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months after the intervention to evaluate if recall persists (Ballantyne et al., 2007; Ienna et al., 

2022; Jensen et al., 2017; Luo et al., 2020). Smith et al. (2008) also suggested that follow-up 

interventions could be effective in reinforcing the messages or information initially conveyed 

by the sign. 

 Another possible direction could be to assess if recall of information especially the 

measures suggested on the sign were enacted upon by the participants. In other words, to test 

if there was actual behaviour change of visitors with increased recall. Lemmen et al. (2020) 

observed actual behaviour change of visitors to a zoo and found rule-compliant behaviour 

increased in the presence of signs when visitors were observed in a designated free-ranging 

area of monkeys, after the visitors were exposed to the signs. Such a direct observation would 

not be possible with the present sign as some of the measures that the participants could take 

are keeping dogs on a leash and cats indoors during nighttime, which was not included 

specifically on the present sign but could be used in future studies. A later self-reported 

questionnaire could possibly be an option to assess if the signs were effective in bringing 

about these actions. However, there is also chances of biases in such self-reported 

assessments. A thorough evaluation and planning to measure behaviours resulting from signs 

could be another extension of this study. 
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Conclusion 

When considering behaviour change, it is necessary to consider the feasibility of these 

behaviour changes. Small-scale or low-cost interventions can greatly influence individuals’ 

behaviour and should not be overlooked. As found by Newcomb and Newcomb (2020), 

behaviour change of visitors using signage, regardless of textual formatting, supports the fact 

that low-cost interventions like signs are effective and no less significant than technical or 

complex interventions. Research into environmentally responsible behaviour change has 

always focussed on field studies and the present study adds to the evidence that public 

awareness and knowledge can be increased with signs, and in turn will increase 

environmental behaviours. 

  



A Second at the Sign                                         25 

 

   
 

References 

Abdullah, S. I., Samdin, Z., Ho, J. A., & Ng, S. I. (2019). Sustainability of marine parks: Is 

knowledge–attitude–behaviour still relevant? Environment, Development and 

Sustainability, 22(8), 7357-7384. https://doi.org/10.1007/s10668-019-00524-z 

Aley, J. P., Espiner, S., & MacDonald, E. (2024). Behaviour change interventions to 

facilitate forest trail users’ biosecurity compliance. Journal of Sustainable Tourism, 

32(6), 1241-1262. https://doi.org/10.1080/09669582.2023.2217365 

Allbrook, D. L., & Quinn, J. L. (2020). The effectiveness of regulatory signs in controlling 

human behaviour and northern gannet (Morus bassanus) disturbance during 

breeding: An experimental test. Journal for Nature Conservation, 58, 125915. 

https://doi.org/10.1016/j.jnc.2020.125915 

Anderson, D., Lucas, K. B., & Ginns, I. S. (2003). Theoretical perspectives on learning in an 

informal setting. Journal of Research in Science Teaching, 40(2), 177-199. 

https://doi.org/10.1002/tea.10071 

Arndt, M. A., Screven, C., Benusa, D., & Bishop, T. (1992). Behavior and learning in a zoo 

environment under different signage conditions. Visitor Studies, 5(1), 245-253. 

https://doi.org/10.1080/10645579209445778 

Austin, J., Hatfield, D. B., Grindle, A. C., & Bailey, J. S. (1993). Increasing recycling in 

office environments: The effects of specific, informative cues. Journal of Applied 

Behavior Analysis, 26(2), 247-253. https://doi.org/10.1901/jaba.1993.26-247 

Ballantyne, R., & Hughes, K. (2003). Measure twice, cut once: Developing a research-based 

interpretive signs checklist. Australian Journal of Environmental Education, 19, 15-

25. https://doi.org/10.1017/s0814062600001439 

Ballantyne, R., Packer, J., Hughes, K., & Dierking, L. (2007). Conservation learning in 

wildlife tourism settings: Lessons from research in zoos and aquariums. 



A Second at the Sign                                         26 

 

   
 

Environmental Education Research, 13(3), 367-383. 

https://doi.org/10.1080/13504620701430604 

Ballantyne,  ., & Packer,  . ( 0  ). Using tourism free‐choice learning experiences to 

promote environmentally sustainable behaviour: The role of post‐visit ‘action 

resources’. Environmental Education Research, 17(2), 201-215. 

https://doi.org/10.1080/13504622.2010.530645 

Ballantyne, R., & Packer, J. (2016). Visitors' perceptions of the conservation education role 

of zoos and aquariums: Implications for the provision of learning experiences. Visitor 

Studies, 19(2), 193-210. https://doi.org/10.1080/10645578.2016.1220185 

Bauman, A., Milton, K., Kariuki, M., Fedel, K., & Lewicka, M. (2016). Is there sufficient 

evidence regarding signage-based stair use interventions? A sequential meta-analysis. 

BMJ Open, 7(11), e012459. https://doi.org/10.1136/bmjopen-2016-012459 

Bostock, S. S. (1993). Zoos and animal rights: The ethics of keeping animals (1st ed.). 

Routledge. https://doi.org/10.4324/9780203408810 

Bourdeau, L., & Chebat, J. (2003). The effects of signage and location of works of art on 

recall of titles and paintings in art galleries. Environment and Behavior, 35(2), 203-

226. https://doi.org/10.1177/0013916502250209 

Bungum, T., Meacham, M., & Truax, N. (2007). The effects of signage and the physical 

environment on stair usage. Journal of Physical Activity and Health, 4(3), 237-244. 

https://doi.org/10.1123/jpah.4.3.237 

Caputo, E. L., Feter, N., Alt, R., & Da Silva, M. C. (2022). How do different interventions 

impact stair climbing? A systematic review and meta-analysis. Global Health 

Promotion, 29(4), 74-82. https://doi.org/10.1177/17579759221093388 

Collins, C. K. (2018). Education in the zoo: A study of the relationship between education, 

zoo visitors and animal behaviour [Doctoral dissertation]. University College Cork 



A Second at the Sign                                         27 

 

   
 

Conservation Act 1987 no 65, Public Act 2 Interpretation – New Zealand Legislation. 

(1987). 

https://www.legislation.govt.nz/act/public/1987/0065/latest/DLM103616.html 

Cooper, J. O., Heron, T. E., & Heward, W. L. (2020). Applied behavior analysis. Pearson 

UK. 

Cornelisse, T. M., & Duane, T. P. (2013). Effects of knowledge of an endangered species on 

 ecreationists’ attitudes and stated behaviors and the significance of management 

compliance for Ohlone tiger beetle conservation. Conservation Biology, 27(6), 1449-

1457. https://doi.org/10.1111/cobi.12117 

Cox, B. S., Cox, A. B., & Cox, D. J. (2000). Motivating signage prompts safety belt use 

among drivers exiting senior communities. Journal of Applied Behavior Analysis, 

33(4), 635-638. https://doi.org/10.1901/jaba.2000.33-635 

Department of Conservation. (2025, July). Protecting native species. 

https://www.doc.govt.nz/globalassets/documents/our-work/national-predator-control-

programme/predator-response-booklet.pdf 

Department of Conservation. (n.d.). Facts and threats to kiwi. Retrieved October 3, 2025, 

from https://www.doc.govt.nz/nature/native-animals/birds/birds-a-z/kiwi/facts/ 

Edney, G., Smart, T., Howat, F., Batchelor, Z. E., Hughes, C., & Moss, A. (2023). Assessing 

the effect of interpretation design traits on zoo visitor engagement. Zoo Biology, 

42(4), 567-576. https://doi.org/10.1002/zoo.21759 

Fullerton, R., Zane, T., Francisco, V., & Geller, E. S. (2024). Intervening to prevent 

unwanted touching of Museum displays: Incorporating an observing response with 

three prompting conditions. Journal of Organizational Behavior Management, 44(1), 

57-74. https://doi.org/10.1080/01608061.2023.2200050 



A Second at the Sign                                         28 

 

   
 

Gemmecke, C., Kühner, C., Zacher, H., & Hüffmeier, J. (2025). Prompting change: A 

systematic review and meta‐analysis of the (un)confounded effects of prompts on 

pro‐environmental behavior. Applied Psychology, 74(2). 

https://doi.org/10.1111/apps.70003 

Gessa, S. J., & Rothman, J. M. (2021). The importance of message framing in rule 

compliance by visitors during wildlife tourism. Conservation Science and Practice, 

3(10). https://doi.org/10.1111/csp2.515 

Girasek,  . C. ( 0  ). Evaluating a novel sign’s impact on whether park visitors enter a 

dangerous river. Injury Epidemiology, 6(1). https://doi.org/10.1186/s40621-019-

0222-y 

Godinez, A. M., & Fernandez, E. J. (2019). What is the zoo experience? How zoos impact a 

visitor’s behaviors, perceptions, and conservation efforts. Frontiers in Psychology, 

10, Article 1746. https://doi.org/10.3389/fpsyg.2019.01746 

Greenwell, P. J., Riley, L. M., Lemos de Figueiredo, R., Brereton, J. E., Mooney, A., & 

Rose, P. E. (2023). The societal value of the modern zoo: A commentary on how 

zoos can positively impact on human populations locally and globally. Journal of 

Zoological and Botanical Gardens, 4(1), 53-69. https://doi.org/10.3390/jzbg4010006 

Grimstvedt, M. E., Kerr, J., Oswalt, S. B., Fogt, D. L., Vargas-Tonsing, T. M., & Yin, Z. 

(2010). Using signage to promote stair use on a university campus in hidden and 

visible stairwells. Journal of Physical Activity and Health, 7(2), 232-238. 

https://doi.org/10.1123/jpah.7.2.232 

Guo, T., Smith, J. W., Moore, R. L., & Schultz, C. L. (2017). Integrating off-site visitor 

education into landscape conservation and management: An examination of timing of 

educational messaging and compliance with low-impact hiking recommendations. 



A Second at the Sign                                         29 

 

   
 

Landscape and Urban Planning, 164, 25-36. 

https://doi.org/10.1016/j.landurbplan.2017.03.013 

Gupta, A., Billich, N., George, N. A., Blake, M. R., Huse, O., Backholer, K., Boelsen-

Robinson, T., & Peeters, A. (2020). The effect of front-of-package labels or point-of-

sale signage on consumer knowledge, attitudes and behavior regarding sugar-

sweetened beverages: A systematic review. Nutrition Reviews, 79(10), 1165-1181. 

https://doi.org/10.1093/nutrit/nuaa107 

Ham, S. H. (2007). Can Interpretation Really Make a Difference? Answers to Four 

Questions from Cognitive and Behavioral Psychology. In Interpreting World 

Heritage Conference, Vancouver, Canada (pp. 42-52). 

Ham, S. H., & Weiler, B. (2012). Interpretation as the centrepiece of sustainable wildlife 

tourism. In Harris, R., Griffin, T., & Williams, P. (Eds.), In Sustainable Tourism (2nd 

ed., pp. 35-44). Routledge. 

 https://doi.org/10.4324/9780080498362-5 

Hamilton, E. M., & Rane, A. (2022). Speaking their language: Does environmental signage 

align to personal dimensions of environmentally responsible behavior in 

undergraduate residence halls? Sustainability, 14(4), 2025. 

https://doi.org/10.3390/su14042025 

He, H., & Chen, J. (2012). Educational and enjoyment benefits of visitor education centers at 

botanical gardens. Biological Conservation, 149(1), 103-112. 

https://doi.org/10.1016/j.biocon.2012.01.048 

Heimlich, J. E., & Ardoin, N. M. (2023). Visitors and conservation: Seeking behavior. 

Psychology and Our Planet, 35-54. https://doi.org/10.1007/978-3-030-84942-9_3 



A Second at the Sign                                         30 

 

   
 

Hofstein, A., & Rosenfeld, S. (1996). Bridging the gap between formal and informal science 

learning. Studies in Science Education, 28(1), 87-112. 

https://doi.org/10.1080/03057269608560085 

Hughes, K. (2013). Measuring the impact of viewing wildlife: Do positive intentions equate 

to long-term changes in conservation behaviour? Journal of Sustainable Tourism, 

21(1), 42-59. https://doi.org/10.1080/09669582.2012.681788 

Hughes,  ., Packer,  ., & Ballantyne,  . ( 0  ). Using post‐visit action resources to support 

family conservation learning following a wildlife tourism experience. Environmental 

Education Research, 17(3), 307-328. https://doi.org/10.1080/13504622.2010.540644 

Ienna, M., Rofe, A., Gendi, M., Douglas, H. E., Kelly, M., Hayward, M. W., Callen, A., 

Klop-Toker, K., Scanlon, R. J., Howell, L. G., & Griffin, A. S. (2022). The relative 

role of knowledge and empathy in predicting pro-environmental attitudes and 

behavior. Sustainability, 14(8), 4622. https://doi.org/10.3390/su14084622 

Jennings, C. A., Yun, L., Loitz, C. C., Lee, E., & Mummery, W. K. (2017). A systematic 

review of interventions to increase stair use. American Journal of Preventive 

Medicine, 52(1), 106-114. https://doi.org/10.1016/j.amepre.2016.08.014 

Jensen, E. A., Moss, A., & Gusset, M. (2017). Quantifying long‐term impact of zoo and 

aquarium visits on biodiversity‐related learning outcomes. Zoo Biology, 36(4), 294-

297. https://doi.org/10.1002/zoo.21372 

Johnston, J. M., Pennypacker, H. S., & Green, G. (2019). Strategies and tactics of 

behavioral research and practice (4th ed.). Routledge. 

Kahn, E. B., Ramsey, L. T., Brownson, R. C., Heath, G. W., Howze, E. H., Powell, K. E., 

Stone, E. J., Rajab, M. W., & Corso, P. (2002). The effectiveness of interventions to 

increase physical activity: A systematic review. American Journal of Preventive 

Medicine, 22(4), 73-107. https://doi.org/10.1016/S0749-3797(02)00434-8 



A Second at the Sign                                         31 

 

   
 

Khan, S., & Thomas, G. (2023). Examining the impact of pro-environmental factors on 

sustainable consumption behavior and pollution control. Behavioral Sciences, 13(2), 

163. https://doi.org/10.3390/bs13020163 

Kim, A. K., Airey, D., & Szivas, E. (2011). The multiple assessment of interpretation 

effectiveness: Promoting visitors’ environmental attitudes and behavior. Journal of 

Travel Research, 50(3), 321-334. https://doi.org/10.1177/0047287510362786 

Kim, M., Kim, J., & Thapa, B. (2018). Influence of environmental knowledge on affect, 

nature affiliation and pro-environmental behaviors among tourists. Sustainability, 

10(9), 3109. https://doi.org/10.3390/su10093109 

Kim, M., & Stepchenkova, S. (2019). Altruistic values and environmental knowledge as 

triggers of pro-environmental behavior among tourists. Current Issues in Tourism, 

23(13), 1575-1580. https://doi.org/10.1080/13683500.2019.1628188 

Kratochvil, H., & Schwammer, H. (1997). Reducing acoustic disturbances by aquarium 

visitors. Zoo Biology, 16, 349-353. https://doi.org/10.1002/(sici)1098-

2361(1997)16:4<349::aid-zoo7>3.0.co;2-a 

Kratochwill, T. R., Hitchcock, J., Horner, R. H., Levin, J. R., Odom, S. L., Rindskopf, D. 

M., & Shadish, W. R. (2010). Single-case designs technical documentation. What 

Works Clearinghouse. Retrieved from. 

https://ies.ed.gov/ncee/wwc/Docs/ReferenceResources/wwc_scd.pdf 

Landais, L. L., Damman, O. C., Schoonmade, L. J., Timmermans, D. R., Verhagen, E. A., & 

Jelsma, J. G. (2020). Choice architecture interventions to change physical activity 

and sedentary behavior: A systematic review of effects on intention, behavior and 

health outcomes during and after intervention. International Journal of Behavioral 

Nutrition and Physical Activity, 17(1), Article 47. https://doi.org/10.1186/s12966-

020-00942-7 



A Second at the Sign                                         32 

 

   
 

Lange, F., & Dewitte, S. (2019). Measuring pro-environmental behavior: Review and 

recommendations. Journal of Environmental Psychology, 63, 92-100. 

https://doi.org/10.1016/j.jenvp.2019.04.009 

Lee, C. G., Chu, J., Mao, R., Kim, H., Lee, E., Park, S., & Kim, T. (2024). Applying a 

deterrence nudge strategy for promoting stair usage in a university setting. BMC 

Public Health, 24(1), Article 2195. https://doi.org/10.1186/s12889-024-19592-6 

Lee, T. H., Jan, F., & Chen, J. (2023). Influence analysis of interpretation services on 

ecotourism behavior for wildlife tourists. Journal of Sustainable Tourism, 31(5), 

1233-1251. https://doi.org/10.1080/09669582.2021.1949016 

Lemmen, N., Keizer, K., Bouman, T., & Steg, L. (2020). Convince yourself to do the right 

thing: The effects of provided versus self-generated arguments on rule compliance 

and perceived importance of socially desirable behavior. Frontiers in Psychology, 11. 

https://doi.org/10.3389/fpsyg.2020.613418 

Luo, W., Tang, P., Jiang, L., & Su, M. M. (2020). Influencing mechanism of tourist social 

responsibility awareness on environmentally responsible behavior. Journal of 

Cleaner Production, 271, 122565. https://doi.org/10.1016/j.jclepro.2020.122565 

Malenfant, L., Wells, J. K., Van Houten, R., & Williams, A. F. (1996). The use of feedback 

signs to increase observed daytime seat belt use in two cities in North Carolina. 

Accident Analysis & Prevention, 28(6), 771-777. https://doi.org/10.1016/s0001-

4575(96)00039-5 

Marschall, S., Granquist, S. M., & Burns, G. L. (2017). Interpretation in wildlife tourism: 

Assessing the effectiveness of signage on visitor behaviour at a seal watching site in 

Iceland. Journal of Outdoor Recreation and Tourism, 17, 11-19. 

https://doi.org/10.1016/j.jort.2016.11.001 



A Second at the Sign                                         33 

 

   
 

Mason, P. (2000). Zoo tourism: The need for more research. Journal of Sustainable Tourism, 

8(4), 333-339. https://doi.org/10.1080/09669580008667368 

Massarani, L., Ibanes Aguiar, B., Magalhães de Araujo, J., Scalfi, G., Kauano, R., & Bizerra, 

A. (2022). Is there room for science at aquariums? An analysis of family 

conversations and interactions during visits to AquaRio, Rio de Janeiro, Brazil. 

Science Education, 106(6), 1605-1630. https://doi.org/10.1002/sce.21764 

Meis, J., & Kashima, Y. (2017). Signage as a tool for behavioral change: Direct and indirect 

routes to understanding the meaning of a sign. PLOS ONE, 12(8), e0182975. 

https://doi.org/10.1371/journal.pone.0182975 

Mittermeier, R. A., & Konstant, W. R. (2001). Biodiversity Conservation. In Footprints in 

the Jungle. Oxford University Press. 

 https://doi.org/10.1093/0195125789.003.0002 

Moscardo, G., Woods, B., & Saltzer, R. (2004). The Role of Interpretation in Wildlife 

Tourism. In K. Higginbottom (Ed.), Wildlife tourism : impacts, management and 

planning (1st ed., pp. 231-251). Common Ground Publishing Pty Ltd. 

Nettle,  ., Nott,  ., & Bateson, M. ( 0  ). ‘Cycle thieves, we are watching you’: Impact of 

a simple signage intervention against bicycle theft. PLoS ONE, 7(12), e51738. 

https://doi.org/10.1371/journal.pone.0051738 

Newcomb, E. T., & Newcomb, B. B. ( 0 0). Comparative effects of “ o” versus “ on’t” 

formatted signage on littering. Behavior and Social Issues, 29(1), 264-271. 

https://doi.org/10.1007/s42822-020-00039-7 

Nickerson, R. S. (2003). Behavior as a Cause of Environmental Change. In R. S. Nickerson 

(Ed.), Psychology and Environmental Change (1st ed., pp. 45-68). Lawrence 

Erlbaum Associates, Inc. 

 https://doi.org/10.4324/9781410606310-3 



A Second at the Sign                                         34 

 

   
 

Nickerson, R. S. (2003). Changing Behavior. In R. S. Nickerson (Ed.), Psychology and 

Environmental Change (1st ed., pp. 88-113). Lawrence Erlbaum Associates, Inc. 

 https://doi.org/10.4324/9781410606310-5 

Ogden, J., & Heimlich, J. E. (2009). Why focus on zoo and aquarium education? Zoo 

Biology, 28(5), 357-360. https://doi.org/10.1002/zoo.20271 

Osbaldiston, R., & Schott, J. P. (2012). Environmental sustainability and behavioral science. 

Environment and Behavior, 44(2), 257-299. 

https://doi.org/10.1177/0013916511402673 

Packer, J. (2006). Learning for fun: The unique contribution of educational leisure 

experiences. Curator: The Museum Journal, 49(3), 329-344. 

https://doi.org/10.1111/j.2151-6952.2006.tb00227.x 

Packer, J., & Ballantyne, R. (2004). Is educational leisure a contradiction in terms? 

Exploring the synergy of education and entertainment. Annals of Leisure Research, 

7(1), 54-71. https://doi.org/10.1080/11745398.2004.10600939 

Pillay, J. D., Kolbe-Alexander, T., Achmat, M., Carstens, M., & Lambert, E. V. (2009). Are 

point-of-decision prompts in a sports science and medicine centre effective in 

changing the prevalence of stair usage? A preliminary study. South African Journal 

of Sports Medicine, 21(2), 58-64. https://doi.org/10.17159/2078-

516x/2009/v21i2a299 

Platter, H. N., & Pokorny, S. B. (2017). Smoke-free signage in public parks: Impacts on 

smoking behaviour. Tobacco Control, 27(4), 470-473. 

https://doi.org/10.1136/tobaccocontrol-2016-053624 

Puig-Ribera, A., Señé-Mir, A. M., Taylor-Covill, G. A., De Lara, N., Carroll, D., Daley, A., 

Holder, R., Thomas, E., Milà, R., & Eves, F. F. (2019). Signage interventions for 

stair climbing at work: More than 700,000 reasons for caution. International Journal 



A Second at the Sign                                         35 

 

   
 

of Environmental Research and Public Health, 16(19), 3782. 

https://doi.org/10.3390/ijerph16193782 

Rice, W. L., Shellhorn, J., Bloomgren, V., Booth, L., Duncan, S., Elias, J., Flowers, K., 

Gambini, I., Gans, A., Medina, A., Obadare, D., O'Neill, C., Rooney, Q., Scherck, 

G., Schmidt,  ., Thomas, C., Thomas, E., Walhus, G., Whitney, P., … Winckler, C. 

(2023). The impact of graphic design on attention capture and behavior among 

outdoor recreationists: Results from an exploratory persuasive signage experiment. 

Journal of Outdoor Recreation and Tourism, 42, 100606. 

https://doi.org/10.1016/j.jort.2023.100606 

Roberts, M., Mearns, K., & Edwards, V. (2014). Evaluating the effectiveness of guided 

versus non-guided interpretation in the Kruger National Park, South Africa. Koedoe, 

56(2). https://doi.org/10.4102/koedoe.v56i2.1160 

Roe, K., & McConney, A. (2014). Do zoo visitors come to learn? An internationally 

comparative, mixed-methods study. Environmental Education Research, 21(6), 865-

884. https://doi.org/10.1080/13504622.2014.940282 

 oe,  ., McConney, A., & Mansfield, C. F. ( 0 4). How do zoos ‘Talk’ to their general 

visitors?  o visitors ‘Listen’? A mixed method investigation of the communication 

between modern zoos and their general visitors. Australian Journal of Environmental 

Education, 30(2), 167-186. https://doi.org/10.1017/aee.2015.1 

Ryan, J., Lyon, K., Webb, O. J., Eves, F. F., & Ryan, C. G. (2011). Promoting physical 

activity in a low socioeconomic area: Results from an intervention targeting stair 

climbing. Preventive Medicine, 52(5), 352-354. 

https://doi.org/10.1016/j.ypmed.2011.03.004 



A Second at the Sign                                         36 

 

   
 

Saunders, R., Weiler, B., Scherrer, P., & Zeppel, H. (2019). Best practice principles for 

communicating safety messages in national parks. Journal of Outdoor Recreation 

and Tourism, 25, 132-142. https://doi.org/10.1016/j.jort.2018.01.006 

Scruggs, T. E., & Mastropieri, M. A. (1998). Summarizing Single-Subject Research: Issues 

and Applications. Behavior Modification, 22(3), 221-242. 

https://doi.org/10.1177/01454455980223001 

Sherwen, S. L., Magrath, M. J., Butler, K. L., Phillips, C. J., & Hemsworth, P. H. (2014). A 

multi-enclosure study investigating the behavioural response of meerkats to zoo 

visitors. Applied Animal Behaviour Science, 156, 70-77. 

https://doi.org/10.1016/j.applanim.2014.04.012 

Situmorang, R. O., Liang, T., & Chang, S. (2020). The difference of knowledge and 

behavior of college students on plastic waste problems. Sustainability, 12(19), 7851. 

https://doi.org/10.3390/su12197851 

Smith, L., Broad, S., & Weiler, B. (2008). A closer examination of the impact of zoo visits 

on visitor behaviour. Journal of Sustainable Tourism, 16(5), 544-562. 

https://doi.org/10.1080/09669580802159628 

Soler, R. E., Leeks, K. D., Buchanan, L. R., Brownson, R. C., Heath, G. W., & Hopkins, D. 

H. (2010). Point-of-Decision prompts to increase stair use. American Journal of 

Preventive Medicine, 38(2), S292-S300. 

https://doi.org/10.1016/j.amepre.2009.10.028 

Sotés, I., Basterretxea-Iribar, I., Sanchez-Beaskoetxea, J., & De Las Mercedes Maruri, M. 

(2020). Environment understanding, signage perception and safety education in 

Biscay beachgoers under the view of lifeguards. Ocean & Coastal Management, 189, 

105149. https://doi.org/10.1016/j.ocecoaman.2020.105149 



A Second at the Sign                                         37 

 

   
 

Steg, L., & Vlek, C. (2009). Encouraging pro-environmental behaviour: An integrative 

review and research agenda. Journal of Environmental Psychology, 29(3), 309-317. 

https://doi.org/10.1016/j.jenvp.2008.10.004 

Stern, P. C. (2000). New environmental theories: Toward a coherent theory of 

environmentally significant behavior. Journal of Social Issues, 56(3), 407-424. 

https://doi.org/10.1111/0022-4537.00175 

Sussman, R., & Gifford, R. (2012). Please turn off the lights: The effectiveness of visual 

prompts. Applied Ergonomics, 43(3), 596-603. 

https://doi.org/10.1016/j.apergo.2011.09.008 

Tay, C., McWhorter, T. J., Xie, S., Mohd Nasir, T. S., Reh, B., & Fernandez, E. J. (2023). A 

comparison of staff presence and signage on zoo visitor behavior. Zoo Biology, 42, 

407-415. https://doi.org/10.1002/zoo.21766 

Van Houten, R., Rolider, A., Nau, P. A., Friedman, R., Becker, M., Chalodovsky, I., & 

Scherer, M. (    ). Large‐scale reductions in speeding and accidents in Canada and 

Israel: A behavioral ecological perspective. Journal of Applied Behavior Analysis, 

18(1), 87-93. https://doi.org/10.1901/jaba.1985.18-87 

Werner, C. M., Rhodes, M. U., & Partain, K. K. (1998). Designing effective instructional 

signs with schema theory:case studies of polystyrene recycling. Environment and 

Behavior, 30(5), 709-735. https://doi.org/10.1177/001391659803000506 

Werner, C. M., Stoll, R., Birch, P., & White, P. H. (2002). Clinical validation and cognitive 

elaboration: Signs that encourage sustained recycling. Basic and Applied Social 

Psychology, 24(3), 185-203. https://doi.org/10.1207/153248302760179110 

Wu, D. W., Lenkic, P. J., DiGiacomo, A., Cech, P., Zhao, J., & Kingstone, A. (2018). How 

does the design of waste disposal signage influence waste disposal behavior? Journal 

of Environmental Psychology, 58, 77-85. https://doi.org/10.1016/j.jenvp.2018.07.009 



A Second at the Sign                                         38 

 

   
 

Yang, T. (2024). The effectiveness of information signs in deterring visitor vandalism. 

Journal of Outdoor Recreation and Tourism, 45, 100731. 

https://doi.org/10.1016/j.jort.2023.100731 

Zeppel, H., & Muloin, S. (2025). Conservation and education benefits of interpretation on 

marine wildlife tours. Tourism in Marine Environments, 20(1), 87-99. 

https://doi.org/10.3727/216901925x17394346478531 

Zhang, Y., Xiao, X., Cao, R., Zheng, C., Guo, Y., Gong, W., & Wei, Z. (2020). How 

important is community participation to eco-environmental conservation in protected 

areas? From the perspective of predicting locals' pro-environmental behaviours. 

Science of The Total Environment, 739, 139889. 

https://doi.org/10.1016/j.scitotenv.2020.139889 

Zheng, S., Zhu, L., Weng, L., & Gu, X. (2024). The more advanced, the better? A 

comparative analysis of interpretation effectiveness of different media on 

environmental education in a global Geopark. Land, 13(12), 2005. 

https://doi.org/10.3390/land13122005 

Zhong, H., Zou, Y., Hao, F., Fang, Y., & Ng, W. (2025). Shaping safety: Effective signage 

for tourist attractions. Tourism Management, 110, 105186. 

https://doi.org/10.1016/j.tourman.2025.105186 

 

 

  



A Second at the Sign                                         39 

 

   
 

Appendices 

Appendix A 

Intervention Signage at TNKH 

 



A Second at the Sign                                         40 

 

   
 

 Appendix B  

Questionnaire at Control Site Throughout the Study - Hosted on Qualtrics 

(https://www.qualtrics.com/)
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Appendix C 

QR Code Poster/Flyer at Hamilton Zoo 
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Appendix D 

Baseline Phase Questionnaire at Intervention Site - Hosted on Qualtrics 

(https://www.qualtrics.com/)

 



A Second at the Sign                                         48 

 

   
 

 

 

 

 



A Second at the Sign                                         49 

 

   
 

 

 

 

 



A Second at the Sign                                         50 

 

   
 

 

 

 

 



A Second at the Sign                                         51 

 

   
 

 

 

 



A Second at the Sign                                         52 

 

   
 

 

 

 

  



A Second at the Sign                                         53 

 

   
 

Appendix E 

QR Code Flyer shared with Visitors in TNKH Shuttle Van 
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Appendix F 

Intervention Phase Questionnaire at Intervention Site - Hosted on Qualtrics  

(https://www.qualtrics.com/) 
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Appendix G 

Debrief Emails Sent to Participants of Respective Sites 


