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Abstract 

The effectiveness of signage to modify visitor’s behaviour to reduce negative impacts on 
wildlife was assessed at a seal watching site on Vatnsnes, NW-Iceland. 2440 visitors were 
observed and their behaviour recorded from July to September 2014. To test whether type 
of information has an influence on behaviour, visitors were provided with either 
deontological (instructions without explanations) or teleological (instructions with 
explanations) signs, while no signs were provided for the control group. Regression 
analysis and χ2-tests were used for the analysis. Additionally, the proportion of visitors 
reading the signs was investigated (1081 observations). The results showed that most of the 
time visitor’s behaviour improved with having signs and that sometimes the teleological 
signs were more effective than the deontological ones. However, group type often had a 
significant influence on the behaviour, with families having the most intrusive behaviour 
compared to singles, couples and other groups. More than a third (37.7%) of the visitors 
did not look at the signs and 42.6% stopped at the sign for more than three seconds. 
Possible improvements of the signs’ design are discussed. From these results, the 
conclusion is drawn that it is advisable to use teleological signs because they are at least as 
effective as deontological signs and in some cases they are more effective. Even though 
signage had a positive influence on the visitor’s behaviour, additional management 
strategies are presented because it is not clear whether signage on its own is sufficient in 
reducing disturbance on the seals. 
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1 Introduction 

Wildlife tourism is an important industry within the tourism sector (Higginbottom, 

2004a) and as an example seal watching is gaining importance within Iceland (Granquist & 

Nilsson, 2013; Nilsson, 2012). Although seal watching is becoming more popular, research 

on pinniped tourism is insufficient and regulatory frameworks are lacking (Curtin et al., 

2009; Kirkwood et al., 2003). While wildlife tourism provides an opportunity to fascinate 

tourists and increase their interest in wildlife which in turn can enhance the protection of 

certain habitats and communities (McNeely, 2004), wildlife tourism can also cause 

negative effects such as behavioural or physiological changes of the affected animals 

(Green & Giese, 2004; Reynolds & Braithwaite, 2001).  

One strategy to reduce visitor disturbance on wildlife, is to influence the visitor’s 

behaviour; for example, by implementing behavioural recommendations for people 

through signage. Even though visitors may lack knowledge of how to behave in a correct 

manner around wildlife, many are eager to support and follow recommendations (Curtin et 

al., 2009; Granquist & Sigurjonsdottir, 2014; Nilsson, 2012). Visitor support for, and 

compliance with, recommendations also depends on their design, such as wording, content 

of the messages and the manner of conveying information (Jacobs & Harms, 2014; 

Moscardo et al., 2004). Ballantyne et al. (2009) suggest that instructions given to visitors 

are likely to be more successful if they contain an explanation because this gives visitors a 

chance to understand why they should change their behaviour. A few studies have 

investigated whether interpretation and signage are effective to change visitor’s behaviour 

and increase compliance with regulations (Acevedo-Gutiérrez et al., 2011; Hueneke & 

Baker, 2009; Hughes, 2013). However, there is a lack of empirical studies in free-ranging 

wildlife tourism investigating whether providing interpretative information can lead to a 

change in visitor’s behaviour, and further, whether instructions with explanations are more 

effective than without explanations in terms of modifying visitor’s behaviour. Furthermore, 

most studies use surveys of self-reported visitor’s behaviour or intentions and do not study 

the actual behavioural change (Hueneke & Baker, 2009; Hughes, 2013; Jacobs & Harms, 

2014; Orams, 1997). Jacobs and Harms (2014) for example, researched whether 

information is effective in regards to enhancing conservation motives and whether type of 



 

information influences conservation intentions differently. Not only are academic 

empirical studies investigating whether information changes the conservation intentions or 

the behaviour of visitors in wildlife tourism scarce; where studies have been conducted 

there is usually a lack of a control, where a group of visitors receiving information are 

compared to visitors with the same circumstances not receiving information as reported in 

Jacobs and Harms (2014).  

Minimising the impact on wildlife due to human disturbance should also be of 

interest for visitors and tour operators. When animals respond to disturbance by 

behavioural change, the wildlife encounter is less authentic and authenticity is a key 

element for wildlife tourism (Reynolds & Braithwaite, 2001). Every tourist destination has 

a carrying capacity: the amount of visitors a site can tolerate without harmful effects to the 

site (McMinn, 1997). Those harmful effects may be ecological, physical, economical, 

cultural and/or sociological. The carrying capacity is flexible and can be influenced by 

management strategies (Saveriades, 2000). Hence, if the visitor’s behaviour changes, it 

might be possible to increase the site’s carrying capacity which is an important issue with 

increasing tourism (Granquist & Nilsson, 2014).  

Granquist and Sigurjonsdottir (2014) studied visitor’s behaviour and the ensuing 

impacts on the harbour seal colony at the seal watching site in Illugastaðir on Vatnsnes 

peninsula in the northwest of Iceland, where visitor’s behaviour is unregulated. The study 

indicates that the presence and behaviour of visitors has direct effects on the seal 

behaviour. The proportion of vigilant seals increases with increasing presence of the 

visitors and the seals are more vigilant if visitors are active compared to behaving calmly. 

In addition, seals move further away from land during periods when many visitors are 

present in the area. Seal watching in Illugastaðir therefore causes some stress to the seal 

colony during a period of time that is already very energy consumptive for the seals due to 

breeding, mating and moulting (Granquist & Sigurjonsdottir, 2014; Härkönen & Heide-

Jørgensen, 1990). Further observations showed that visitors are calmer in the seal watching 

zone in comparison to an approaching zone (Figure 4). Most of the visitors do not notice 

the seals in the approaching zone even though it is possible to see them. This indicates that 

most visitors do not disturb the seals intentionally but did not know that the seals were able 

to see the visitors already in the approaching zone (Granquist & Sigurjonsdottir, 2014). 

Since there are no regulations in place yet, the question is, if it is possible to modify 
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visitor’s behaviour directly at the seal watching site through interpretive messages in order 

to decrease disturbance on the seals. 

The aim of this study is to answer the following research questions to assess the 

effectiveness of interpretation through signage in wildlife tourism: 

1. Do visitors receiving information through signage on how to behave at the seal 

watching site Illugastaðir in Iceland during the summer 2014 behave differently 

than the control group not receiving any information? 

a. Do visitors behave differently when receiving guidelines with explanations 

(teleological guidelines) compared to visitors receiving guidelines without 

explanations (deontological guidelines)? 

2. Is the visitor’s behaviour dependent on age, gender and group type apart from 

signage? 

a. If signage has an effect on visitor’s behaviour, is the effect dependent on 

age, gender or group type? 

b. If type of sign, i.e., either giving guidelines without explanations or 

guidelines with explanations, affects the visitor’s behaviour, is the effect 

dependent on age, gender and group type? 

3. To what extent do visitors read the signs during wildlife watching? 

a. Is the proportion of visitors reading the signs dependent on the type of sign? 

b. Is the proportion of visitors reading the signs dependent on group type? 

 

The data was collected through observations of the visitors from 20th July to 3rd 

September. In total 2440 visitors were recorded over a period of 121 hours. Three signs, 

either containing only instructions or instructions with explanations, were positioned along 

the path leading to the seal watching site where the seals haul out on skerries. The signs 

were removed for the control group. The type of sign was changed every five days. 

Behaviour was categorized as ‘general behaviour’ classifying overall behaviour regarding 

hand movement, speed and voice level, and as compliance with the signs testing 

specifically for the recommendations on the signs by recording whether visitors were 

shouting, running, jumping, pointing, waving or using flash photography. The first sign 

was used to investigate to what extent visitors read the signs and 1081 observations were 

made. The data was analysed through regression analysis and χ2-tests.  



 

Several scholars have emphasised the need for research on the effectiveness of 

interpretation regarding visitor behaviour modification in wildlife tourism (Ballantyne & 

Hughes, 2006; Higginbottom, 2004b; Higginbottom & Tribe, 2004; Moscardo et al., 

2004). This study can indicate whether the use of interpretative signage in wildlife tourism 

is effective to modify visitor’s behaviour and whether signage should be implemented in 

the future. Since the behaviour was recorded through observation, this study did not rely on 

self-reported behaviour or intentions of behavioural change. Since the methodology did not 

include surveys or interviews, background information on the visitors, such as nationality, 

education, language abilities, knowledge on environmental issues and conservation 

awareness could not be obtained and therefore was not included in the analysis. 

Additionally, this study cannot determine if the potential behavioural change is sufficient 

to reduce negative impacts on the seals. Nevertheless, a better understanding of visitor’s 

behaviour and potential measures like interpretive signage to modify their behaviour will 

eventually help to reduce negative impacts on the seals and wildlife in general and thus 

lead towards sustainable development of wildlife tourism.  

Following this introduction, the thesis contains a literature review in chapter two to 

present important studies that have been conducted related to wildlife tourism and 

interpretation in order to put this study in a broader context. The study’s methodology and 

results are described in chapters three and four. This is followed by a discussion in chapter 

five which analyses the results and suggests related management strategies. In the sixth and 

final chapter, the most important findings and conclusions are summarised and an outlook 

for future research is discussed. 
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2 Literature Review 

This review gives an overview of previous research that is relevant to this thesis. The 

first section is a review of wildlife tourism, with focus on pinniped tourism and wildlife 

tourism within Iceland, the impacts of wildlife tourism on wild animals and possible 

management strategies. The second part is about interpretation as a management tool, 

especially about interpretive signage. 

 

2.1 Wildlife Tourism 

Wildlife tourism involves an experience with non-domesticated (wild) animals, 

either in their natural habitat or in captivity (e.g., zoos and aquariums). In the literature, 

these experiences are often divided into consumptive (e.g., hunting and fishing) versus 

non-consumptive (e.g., watching wildlife) forms of wildlife tourism (Higginbottom, 

2004a). The term ‘tourist’ is defined by Medlik (2012, p.167) as ‘‘a visitor whose visit is 

for at least one night and whose main purpose of visit may be classified under one of the 

following three groups: (a) leisure and holidays; (b) business and professional; (c) other 

tourism purposes”. Medlik (2012) uses the term ‘visitor’ in a wider range for “any person 

travelling to a place other than that of his/her usual environment” (p. 178), which also 

includes ‘same-day visitor’ who “does not spend the night in collective or private 

accommodation in the place visited” (p. 146). All those terms include both domestic and 

international visitors (Medlik, 2012). 

2.1.1 Impacts of Wildlife Tourism 

Like every tourism sector, wildlife tourism has different impacts, for example on the 

environment, communities and economy. Those impacts can be both positive and negative. 

In this thesis, only the impacts on wildlife are reviewed since this is the focus. 

 

Possible positive effects of wildlife tourism are, for example, increased research and 

protection of wildlife and its habitat, financial support for conservation funded by profit 



 

from wildlife tourism, and education of visitors regarding wildlife, its conservation and 

environmental protection in general (Higginbottom & Tribe, 2004; Reynolds & 

Braithwaite, 2001). In order to ensure the occurrence of wildlife and to satisfy the visitors 

by knowing their expectations, research is needed. As wildlife tourism increases, so does 

research in connection with it (Higginbottom & Tribe, 2004). Findings from research and 

the increasing interest in wildlife tourism can lead to enhanced protection of wildlife and 

its habitat since this tourism branch is dependent on the presence of wildlife.  

Wildlife tourism has an important economic value and both income and profit from 

wildlife tourism can be used to support conservation, for example by charging fees for the 

access to the concerning site, either from operators or tourists and using this money for 

conservation projects and wildlife management. Other possibilities than charging fees are 

selling licenses to tour operators or levying taxes (Higginbottom & Tribe, 2004).  

Visitors are often provided with interpretive information to reduce disturbance on 

wildlife. This can further lead to increased visitor interest in wildlife and awareness of 

conservation issues (Higginbottom & Tribe, 2004). It can also result in higher visitor 

satisfaction and studies have shown that there is a demand by visitors of receiving 

information on wildlife and its habitat and conservation issues as reported in Lück (2007). 

Altogether, this may turn into visitors supporting conservation; for example by donations 

(Powell & Ham, 2008) and active engagement in conservation, such as political 

engagement (Higginbottom & Tribe, 2004; Valentine & Birtles, 2004). However, most 

studies researching whether wildlife tourism results in higher conservation engagement 

among visitors, assesses the visitor’s intention to change their behaviour, but do not 

investigate if there is an actual change in their behaviour (Ballantyne & Packer, 2011; 

Jacobs & Harms, 2014). A study by Orams (1997) shows that a higher amount of visitors 

take actions in conservation when exposed to interpretative information compared to a 

control group. Ballantyne, Packer and Sutherland (2011) conducted a qualitative analysis 

to investigate whether, and how, visitor’s memories of wildlife experiences result in long-

term conservation behaviour. Their findings show that those memories can lead to 

behavioural change, such as recycling waste or using less plastic bags, but this is also 

dependant on several factors, for example the kind of provided information. On the other 

hand, Hughes (2013) found out that visitor’s conservation intentions after their wildlife 

experience is a lot higher than the actions taken regarding environmental friendly 

behaviour afterwards; thus indicating that intentions do not necessarily lead to behavioural 
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change. The findings of these studies show that the increase of visitors engaging in 

conservation is not only dependant on the wildlife encounter but also the circumstances of 

the encounter, such as providing interpretation. The studies by Orams (1997), Ballantyne, 

Packer and Sutherland (2011) and Hughes (2013) relied on self-reported behaviour through 

interviews and surveys and did not use observations to determine potential change in 

behaviour. Ballantyne, Packer and Sutherland (2011) emphasise that quantitative research 

is needed to support their findings. Literature on positive impacts due to wildlife tourism is 

less than on negative impacts, and quantifications of positive effects are especially scarce 

or missing (Ballantyne, Packer & Sutherland, 2011; Higginbottom & Tribe, 2004). 

 

Wildlife tourism can also have various negative impacts on wildlife. Disturbance can 

be caused by the presence of humans, and amplified by the number of visitors and intense 

behaviour (Granquist & Sigurjondottir, 2014; Green & Giese, 2004). Disturbing human 

behaviour includes for example approaching the animals, loud noises (e.g., shouting) and 

moving in an active way (e.g., waving or running) in the presence of animals. The degree 

of vulnerability to disturbance depends on species, sex and age of the animals, and season 

(e.g., during the breeding period) (Green & Giese, 2004). Further, responses to the same 

level of disturbance can vary intra-specifically; that is, between individuals of the same 

species group (Pavez et al., 2014; Seddon & Ellenberg, 2007; Suryan & Harvey, 1999). 

Human induced disturbance can cause behavioural or physical responses among the 

animals, such as elevated heart-rate, hiding, fleeing, vigilance or aggressiveness as 

reported in Green and Giese (2004). In some cases, wildlife may become habituated to 

human presence, which means that wildlife exposed to regular and low-impact encounters 

with humans learn that their presence does not constitute a threat. The result is that the 

wildlife is less disturbed, or not disturbed at all, by human presence (Green & Giese, 

2004).  

Direct behavioural change of wildlife, such as moving further away from visitors or 

even fleeing, are short-term effects, which over time and with high frequency may result in 

long-term effects (Green & Giese, 2004). In some cases the animals’ response might not be 

visual, but the presence of visitors can still cause immediate stress (Giese, 1998) or induce 

long term change (Higham, 1998). Giese (1998) tested three approach distances to Adélie 

penguins (Pygoscelis adeliae) and found out that at 15 metres the penguins did not show a 

behavioural change but had an increased heart rate. A study by Higham (1998) revealed 



 

that the Northern Royal Albatross Colony at Taiaroa Head, New Zealand gradually changed 

their breeding location due to tourism, although no direct responses to the presence of visitors 

were shown. For that reason it seemed that the albatrosses were unaffected by visitors but the 

change of breeding location had effects on the survival rate of the chicks and mortality also 

increased for the adults.  

Long-term effects may include the animals leaving the breeding or feeding site as 

described by Higham (1998) and by Beijder et al. (2006) who analysed data collected over 

15 years on the impact of tour vessels on bottlenose dolphins (Tursiops sp.) in Sharkbay, 

Australia. In this area, the amount of touristic vessels increased over time, and the dolphin 

abundance decreased due to the presence of touristic vessels when two or more tour operators 

were in place. Further, constantly higher energy need due to stress may on a long-term 

scale result in lower reproduction rate that can eventually lead to a decrease in the 

population (Green & Giese, 2004). Long-term impacts are more difficult to measure since 

they do not appear directly and it is harder to determine the reasons for them (Green & 

Giese, 2004).  

Since impacts due to wildlife tourism vary greatly depending on a lot of different 

factors, an exact evaluation of negative effects due to wildlife tourism has to be conducted 

site specifically (Higham, 1998; Valentine & Birtles, 2004). For that reason, the 

management strategies have to be adapted according to the site and species as well 

(Seddon & Ellenberg, 2007; Valentine & Birtles, 2004). In the following section, 

management possibilities to reduce disturbance on wildlife are presented. 

 

2.1.2 Management Possibilities 

According to Reynolds and Braithwaite (2001, p. 32) trade-offs in wildlife tourism 

are inevitable due to the conflict between “values of conservation, animal welfare, visitor 

satisfaction, and profitability”. Therefore, the aim and challenge, when managing wildlife 

tourism, are to maximise the experience of visitors and to minimise the disturbance on the 

wildlife (Granquist & Nilsson, 2013). There are a lot of possible management strategies, 

often depending on the site and species involved. Only a few strategies are mentioned here, 

for a broader overview see Higginbottom (2004b) and Newsome et al. (2005). Managing 

the impacts of wildlife tourism includes defining management goals, designing action 

plans, and defining indicators for having reached the goals. Monitoring disturbance on 

wildlife or visitor satisfaction is essential to evaluate implemented management actions in 
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order to find out whether the desired effects are reached (Newsome et al., 2013). Another 

important key element is to involve all stakeholders, such as local communities or tourism 

operators, during the whole process (Higginbottom, 2004b). The interaction of all those 

factors for wildlife management are shown in Figure 1.  

The carrying capacity of a destination or a site is important for the sustainable 

management of tourism. The definition of carrying capacity by the World Tourism 

Organisation is “the maximum number of people that can visit a tourist destination at the 

same time, without causing destruction of physical, economic or sociocultural means and 

an unacceptable reduction in the quality of the satisfaction of visitors” (PAC/RAC., 2003, 

p.5, as cited in Jurado et al., 2012). The concept comes from wildlife management and 

initially only referred to physical capacity (McCool & Lime, 2001). Saveriades (2000) 

points out that the concept of carrying capacity in tourism is flexible, can change over time 

and can be influenced by management strategies. Thus, having a good management plan 

can possibly increase the carrying capacity of a site. 

 

 

Figure 1: Model representing the overall management strategy of wildlife tourism (Source: 
Higginbottom, 2004b) 
 

Examples of methods for managing possible impacts caused by wildlife tourism are: 

• controlling visitor numbers;  

• defining and controlling a minimum approach distance to the wildlife;  



 

• closing the area during vulnerable periods, for example during the breeding period;  

• implementing protected areas that are closed for visitors all the time;  

• providing economic incentives, such as certificates for environmentally friendly 

accredited operators and in that way attracting more tourists 

• providing effective interpretation (explained in more depth in Section 2.2) 

(Higginbottom, 2004b). 

 

In most cases, the most effective management strategy involves a combination of 

multiple actions. The selection of appropriate measures has to meet specific requirements 

concerning the species and the site involved (Higham, 1998; Seddon & Ellenberg, 2007; 

Valentine & Birtles, 2004). Thus, there is no formula for the best strategy; only 

suggestions and tools that require adaption to the given circumstances.  

 

2.1.3 Pinniped Tourism  

The term pinniped, meaning fin-footed mammals, refers to seals, sea lions and 

walruses (Riedman, 1990). Pinniped tourism includes any interaction, planned or 

accidental, between visitors and pinnipeds. There are different types of pinniped tourism: 

land-based seal watching, seal observations from boats or helicopters and swimming 

interactions with seals (Newsome & Rodger, 2007). 

Pinniped tourism has a high economic value within tourism (Kirkwood et al., 2003). 

Pinnipeds are one of the key species in wildlife tourism due to their temporal and spatial 

predictability of occurrence (Boren et al., 2002; Cassini et al.; 2004, Pavez et al., 2011). 

However pinniped tourism is often not regulated, sometimes resulting in negative impacts 

on the seals (Kirkwood et al., 2003). Those impacts include increased vigilance, flushing 

into the water, boat collisions with seals, abandonment of haul-out or breeding sites and 

ultimately reduction of seal populations in rare cases as reported in Newsome and Rodger 

(2007). Disturbance during the pupping period causing seals to flush into the water can 

lead to separation between females and pups resulting in a decline of the pups’ survival 

odds since they cannot be fed (Osinga et al., 2012). Lidgard (1996) found that human 

disturbance can affect and delay the time of pupping resulting in a shorter weaning period. 

This could lead to a reduced growth rate of the pups. The responses to disturbance can vary 

between and within pinniped species (Orsini et al., 2006; Pavez et al., 2014). Boren et al. 
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(2002) found that land-based seal watching causes more responses (e.g., being alert) 

among New Zealand fur seals (Arctocephalus forsteri) than boat-based seal watching. In 

addition, responses of the seals are stronger when tourists behave in an active manner, such 

as waving and shouting (Cassini, 2001; Granquist & Sigurjonsdottir, 2014; Pavez et al., 

2014). Nevertheless, even low impact behaviour, when it occurs frequently, can increase 

the vigilance of seals which might disrupt other important activities, such as foraging and 

suckling (Orsini et al., 2006). 

 The most important management strategies regarding pinniped tourism are 

minimum approach distance, access restrictions and interpretation (Newsome & Rodger, 

2007). Several studies investigating disturbance on seals due to tourism, identified 

approach distance, both from land and from boat, as a major factor concerning negative 

impacts on seals (Cassini et al., 2004; Newsome & Rodger, 2007; Pavez et al., 2014). 

Boren et al. (2002) suggest a closed area for breeding colonies of New Zealand fur seals 

for land-based seal watching to ensure that no disturbance prevents mother and pups from 

their interactions. The importance of reducing disturbance due to the presence of visitors in 

breeding colonies is also emphasised by Osinga et al. (2012). Granquist and 

Sigurjonsdottir (2014) recommend informing visitors, for example through an interpretive 

code of conduct, to reduce disturbing visitor behaviour.  

 

2.1.4 Wildlife Tourism and Seal watching in Iceland 

Iceland is a popular tourist destination and tourism forms a very important part of the 

Icelandic economy, alongside the fishing and aluminium industry (Icelandic Tourist Board, 

2014; Jóhannesson & Huijbens, 2013). The development of tourism started after the 

Second World War and has grown rapidly during the last 30 years (Jóhannesson & 

Huijbens, 2013). From 2005 to 2013, the number of tourists has more than doubled, and 

from 2012 to 2013 alone, there was a 20% increase of tourists coming to Iceland (see 

Figure 2). The number of tourists kept increasing for the year 2014 to 969.181 tourists 

(Icelandic Tourist Board, 2015). Over 70% of the foreign tourists come to Iceland because 

of the unique nature (Icelandic Tourist Board, 2014). In 2013, 11.5% of the foreign tourists 

and 5.4% of Icelanders visited Hvammstangi where the Icelandic Seal Center (Selasetur 

Íslands) is located (Icelandic Tourist Board, 2014). The rapid growth of tourism in Iceland 

has raised the question of its carrying capacity as a tourist destination. Although this issue 

has been discussed for some locations in Iceland (Sæþórsdóttir et al., 2001; Sæþórsdóttir & 



 

Ólafsdóttir, 2003, as cited in Jóhannesson et al., 2010), the carrying capacity for Iceland as 

a whole has not yet been determined (Jóhannesson et al., 2010). Even though tourism in 

Iceland is proportionally increasing more in winter than in summer, due to Iceland being 

an Arctic country with sometimes harsh winter weather conditions, tourism is concentrated 

in the summer months between May and September as illustrated in Figure 3 (Icelandic 

Tourist Board, 2014). 

 

 

Figure 2: Number of international visitors coming to Iceland from 2000 – 2013 (Source: 
Icelandic Tourist Board, 2014) 

 

 

Figure 3: Seasonality of tourists visiting Iceland (Source: Icelandic Tourist Board, 2014)  
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Whale watching, as a part of wildlife tourism, is a popular activity with around one 

third of the tourists coming to Iceland during the summer participating in a whale watching 

tour (Icelandic Tourist Board, 2013). Nevertheless, with increasing interest in wildlife, seal 

watching is becoming more popular as well (Nilsson, 2012). Both land-based and boat-

based seal watching exist in Iceland. Boat-based seal watching is offered in Hvammstangi 

and land-based seal watching is possible on several locations on the Vatnsnes peninsula, 

close to Hvammstangi (Granquist & Nilsson, 2014). Vatnsnes peninsula is an important 

breeding and haul-out site for seals in Iceland (Hauksson, 2010), and the area where seal 

watching is developed the most (Granquist & Sigurjonsdottir, 2014). The Icelandic harbour 

seal population was last estimated in 2011 to around 11,500 seals in total (Granquist et al., 

2011), but a partial population count in 2014 indicates a large decrease in the population 

during the last few years (Granquist et al., 2014).  

Jóhannesson et al. (2010) state that sustainability, research and education are critical 

for future tourism in Iceland, together with planning and promoting Iceland as a tourist 

destination. They point out that sustainable tourism is part of Iceland’s tourism policy but 

without specific action plans in place and that there is “a lack of active engagement by the 

public authorities” (p. 293). Even though there are no mandatory regulations in place yet 

regarding wildlife tourism in Iceland, The Wild North (TWN) project recently developed a 

voluntary code of conduct in cooperation with different stakeholders concerning the Arctic 

Region (Granquist & Nilsson, 2013). It describes how to behave around wildlife in general 

and specifically how to behave around whales, seals, birds and foxes in Iceland and other 

northern periphery countries (The Wild North, n.d.). Voluntary codes of conduct are 

guidelines and a form of interpretation and thereby a management tool to decrease negative 

impacts due to tourism (Cole, 2007). In contrast to other wildlife tourism codes of conduct 

that exist in Iceland, only connected to whale watching (e.g., IceWhale, 2015), TWN code 

of conduct involves several species and countries. Further explanation of interpretation as a 

management tool and more examples of interpretation strategies are given in the following 

section.  

 

2.2  Interpretation 

Tilden (1977) was the first to coin the term ‘interpretation’ and defines it as “an 

educational activity which aims to reveal meanings and relationships through the use of 



 

original objects, by first hand experience, and by illustrative media, rather than simply to 

communicate factual information” (p. 8). Moscardo et al. (2004) uses the term 

‘interpretation’ in a broader way and describes it as a tool to inform visitors and which can 

be conveyed via guides, books, shows, brochures and signs. They identify three ways 

interpretation contributes to sustainable tourism. Firstly, it is a management tool that can 

influence visitor’s behaviour in such a way that disturbance on wildlife is minimised. 

Secondly, interpretation and the knowledge gained from it can lead to visitors engaging in 

conservation. Thirdly, if interpretation is conducted in the right way, it can enhance 

visitor’s experience and satisfaction (Curtin et al., 2009), thereby ensuring the continuation 

of commercial wildlife tourism. 

Several studies show that interpretation can enhance conservation intentions or 

improve visitor behaviour (Ballantyne, Packer & Falk, 2011; Hughes, 2013; Jacobs & 

Harms, 2014; Orams, 1997). Visitors provided with interpretation while hand-feeding 

dolphins at the beach in Tangalooma, Australia, showed a higher increase of environmental 

friendly behaviour, such as donating to an environmental organisation or picking up 

rubbish at the beach, after their visit compared to a control group (Orams, 1997). 

Nevertheless, examples indicating that interpretation is not effective also exist as reported 

in Moscardo et al. (2004). For example, Acevedo-Gutiérrez et al. (2011) conducted a study 

to find out whether signage telling visitors not to approach New Zealand fur seals 

(Arctocephalus forsteri) closer than ten metres was effective to regulate visitor’s approach 

distance. They found no difference between the control group not being exposed to signs 

and the treatment group. One reason for having less examples of interpretation not being 

effective might be because negative findings are less likely to be reported compared to 

studies with positive findings showing that interpretation is effective (Skibins et al., 2012). 

2.2.1 Deontological and Teleological Messages 

Interpretative measurements, such as code of conducts, underlie and contain 

fundamental ethical principles. Amongst others, deontology and teleology are two 

important principles in regards to communicating information and influencing behaviour 

(Fennell & Malloy, 1999). Deontology originated from the work of Immanuel Kant 

establishing moral principles that are universal and not influenced by external 

circumstances. Conveyed to the tourism sector, this implies that guidelines and behaviour 

in tourism would be the same, regardless of the country, culture or type of tourism (Fennell 
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& Malloy, 1999). In contrast, teleology assesses actions depending on their consequences, 

and for that reason moral implications have to be evaluated and justified for each situation 

(McDonald & Beck-Dudley, 1994). Teleology is mainly connected to the theory of 

utilitarianism which tries to maximise happiness while minimising the pain for an 

individual or group (Fennell & Malloy, 1999).  

Thus, deontology is rule-based and deontological guidelines do not need further 

justifications since those rules are universal (Malloy & Fennell, 1998). Hence, they only 

state how to behave without further information regarding the background of the guideline. 

In contrast, teleological guidelines need further explanation because actions are evaluated 

based on the current circumstances (Malloy & Fennell, 1998). Therefore, a teleological 

guideline may include information on consequences (e.g., impacts on wildlife) in case the 

recommendations are not followed. Table 1 gives an overview of the two principles of 

deontology and teleology, including their concepts and application to the tourism sector. 

An example from the current TWN code of conduct for each principle, deontology and 

teleology, is given in Table 2 to demonstrate how both principles are translated into 

wildlife tourism. 

 

Table 1: Deontology and teleology as ethical principles, their concepts and application to 
tourism (Source: Malloy & Fennell, 1998). 

Ethical Approach Basic Premise Application 

Deontology Behaviour based upon duty, 

principles, policies, procedures and 

codes 

Ensuring that customs and traditions 

are respected and followed 

Teleology Behaviour based upon the 

perceived/calculated best end for 

the greatest number 

Ensuring that most individuals have 

experienced some degree of 

pleasure 

 

 

Table 2: Example of a deontological and teleological guideline from TWN Code of 
Conduct (p.8). 

Deontological Guideline Teleological Guideline 

Refrain from throwing objects towards seals 

both hauled-out and in the water. 

Seals are wild animals and carry the threat of 

both injury and disease. Therefore you should 

never attempt to touch a seal with your hands 

or an object. 

 

 



 

These two ethical principles are important when it comes to the content of 

interpretation. Fennell and Malloy (1999) suggest that teleological messages are more 

likely to be followed since they give visitors a rationale for following the guidelines, while 

ontological messages simply state how visitors should behave without explaining why. 

When designing interpretive information, different factors have to be considered to make 

them more effective and appealing to visitors which are discussed in regards to designing 

signs in the following section.  

 

2.2.2 Interpretive Signage 

Interpretive signs are prevalent in wildlife tourism. They are widely used in regards 

to wildlife in captivity and for self-guided tours where no personal guide is present. One 

disadvantage of interpretive signage is that there is no personal communication and 

interaction with the visitor (Moscardo et al., 2004). Several studies have investigated the 

efficacy of designing interpretative signs (Ballantyne & Hughes, 2006; Cole, 1998; 

Moscardo et al., 2003, 2004). Table 3 gives an overview of factors and further examples 

that previous literature has defined as important to consider when designing signs. Those 

factors include the placement of signs, getting visitor attention, coherent text, layout of the 

text and illustrations.  
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Table 3: Principles of designing signs (adapted from Moscardo et al., 2003, with 
additions*) 

General Category Specific Guidelines 

Placement of Signs - close to visitor’s vision 

- perpendicular rather than parallel to the path 

Getting visitor 

attention 

- large colourful elements 

- sliding panels, lifting flaps  

- contrast in headings and titles 

- include surprises and ask questions in title 

- simple appeal, e.g. ‘Please take time to read the signs’
1
  

- illustrations 

Readable Text - short, simple sentences 

- short familiar words and avoid jargon and scientific language  

- address reader directly and use active rather than passive language 

- large, well spaced type 

- serif typefaces and not everything in upper cases 

- clear contrast of type and background 

- positive rather than negative statements
2
  

Formatting Text - use paragraphs, headings and subheadings 

- lines should be between 40 and 65 characters of length 

- margins left-justified with even spaces between the words 

Illustrations - few illustrations with enough white space around 

- should be relevant to the text  

- should be simple and not require extra text for explanations 

Miscellaneous  - diverse and non-repetitive information 

- personal connection to visitor 

- illustrate long-term impacts and express concern for wildlife
3
  

*Additions to the table adapted from Moscardo et al. (2003): 1Cole, 1998; 2Blangy & 
Nielsen, 1993; 3Ballantyne & Hughes, 2006 

 

 

This chapter demonstrated possible impacts on wildlife caused by tourism and 

illustrated how those negative effects can be managed focussing on interpretation such as 

the interpretive signage used for this study. The following chapter describes the 

methodology for this study. 
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3 Methodology 

In this chapter, the study’s methodology is presented starting with a description of the 

study area, followed by the research methods and how the data analysis was conducted. 

Since it is unlikely that every person coming to the study area is a tourist (according to the 

definition given in Section 2.1), the broader term ‘visitor’ is used here.  

 

3.1 Study Area 

The study was carried out at Illugastaðir, a seal watching site located on the Vatnsnes 

Peninsula, in the northwest of Iceland (65°40’N and 20°48’W). The site is open all year 

round for visitors, except from 20th May until 20th June when it is closed because of eider 

duck nesting (Somateria mollissima). Visitor numbers to the site peak from late June to the 

middle of August (Granquist & Sigurjonsdottir, 2014), matching the timing for peak visitor 

numbers to the whole of Iceland (Icelandic Tourist Board, 2014). A one kilometre path 

leads from a car park to where harbour seals (Phoca vitulina) haul out on two skerries, 

located 100 metres to 200 metres from land (Figure 4 and 5). On rare occasions, grey seals 

(Halichoerus grypus) can also be found on the skerries. The harbour seals‘ pupping season 

is from the middle of May to the end of June, and mating and moulting occur at the end of 

summer (Granquist & Nilsson, 2014). Before the visitors arrive at the area where they can 

observe the seals (Zone B), the seals are already able to see the visitors (Zone A) (see 

Figure 4). Visitors are often unaware of the fact that seals can already see them in Zone A 

(Granquist & Nilsson, 2014). At the site, in Zone B, a shed is in place where two 

binoculars are provided for the visitors to watch the seals more closely. 

 

 



 

 

Figure 4: A map of Iceland with the location of the seal watching site shown by a dotted 
line (a). Close-up of the seal watching site (b) with approaching zone (Zone A) and seal 
watching zone (Zone B) and the two skerries (1 and 2) (Source: Granquist, 2013)  

 

 

Figure 5: Seals hauling out on the two skerries (a) and visitors watching the seals (b) in 
Zone B (Photo Credit (a): Georgette Leah Burns) 

 

 

3.2 Research Methods 

The effect of interpretive signage on visitor’s behaviour was tested from 20th July to 3rd 

September (121 hours and 2440 visitors in total, see Table 4). Behavioural guidelines and 

information presented on the signs was partly derived from the TWN code of conduct and 

modified into teleological and ontological signs, which were presented on three signs along 

the path at Illugastaðir. The behaviour of the visitors was recorded during three different 

setups: 1) a control, without signs, 2) a deontological setup where visitors were provided 

with signs stating the desirable visitor behaviour without explaining why and 3) a 

teleological setup, where visitors were provided with signs stating the desired behaviours, 

and further, also explaining the reason for that recommendation. Each setup was tested for 

ten days (Table 4). In addition, each of the three different setups; i.e., control, 

deontological and teleological setup, were altered on five day intervals to ensure the most 

a b 
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similar conditions throughout the study, such as weather conditions, amount of seals at the 

site, similar distributions of group types, sizes and nationalities, which may depend on the 

period of the summer. 

 

Table 4: Amount of hours spent observing visitors for the control, deontological and 
teleological setup, and the number of visitors recorded. 

 Control Deontological Teleological Total 

Number of hours 42 41 38 121 

Number of visitors 765 882 793 2440 

 

 

The design principles shown in Table 3 were used as a foundation for designing the 

signs for this study. The first sentence of the signs was used to get the visitors’ attention, 

either by asking for their attention or by trying to evoke curiosity. Bold font was used to 

highlight the first sentence and key words. Additionally, key words were written in blue in 

order to increase the signs’ appeal for visitors and to be able to understand the content in a 

short amount of time without reading the whole text. The aim was to keep the two different 

types of signs as similar as possible, except for further explanation on the teleological 

signs, to exclude other factors influencing visitor behaviour. For that reason, no 

illustrations were used even though they are known to be an effective component to attract 

visitor’s attention. The different texts on the signs for the teleological and deontological 

setup are displayed in Table 5 and an example of the signs is presented in Figure 6. 

 

 

 

Table 5: Deontological and teleological text on the signs used in the study in comparison. 

 Deontological Message Teleological Message 

Sign 1 Please take time to read the 

signs on your way. Please 

refrain from disturbing the 

seals.  

Please follow the path where 

possible. 

Please take time to read the signs on your way. 

Please refrain from disturbing the seals.  

Seals come on land to rest, give birth, feed their pups 

and moult. Disturbance can stress the seals and 

prevent them from performing theses activities. This 

has a negative effect on the well-being of the seals 

and their pups. A stressed seal is alert holding up its 

head and may return into the sea. 

Please follow the path where possible for your own 

safety and to protect wildlife and plants. 



 

Sign 2 You are getting closer... 

- Please move slowly and 

avoid sudden movements. 

- Speak quietly and avoid loud 

noises. 

You are getting closer... 

The seals can see and hear you from this point on. 

To avoid disturbing them, please move slowly, avoid 

sudden movements and loud noises. These actions 

might scare the seals. 

Sign 3 Please pay attention. 

 - Walk slowly and keep your 

voice down. 

- Avoid big hand movements 

like waving or pointing. 

- Use only natural light when 

taking pictures 

- Please do not throw objects 

into the water or towards the 

seals. 

Please pay attention. 

Do you want to see how seals behave naturally? 

To experience authentic wildlife, you should refrain 

from disturbing the seals since it changes their 

natural behaviour.  Therefore, please: 

- Walk slowly and keep your voice down. 

- Avoid big hand movements like waving or 

  pointing 

- Use only natural light when taking pictures 

Please, do not throw objects into the water or 

towards seals. It might scare or hurt them.  

 

Figure. 6: Example of Sign 1 with (a) deontological and (b) telelogical information. 

 

The following data, apart from behaviour observation, was recorded: date and time, 

gender, estimated age and group type of the visitors. Visitor gender was classified into 

male and female. The age was estimated by the observer and divided into the following 

categories: children (from zero to nine), teenagers (from ten to 19), middle-aged (from 20 

to 49) and above 50 years old. The groups were classified into ‘singles’ (one individual), 

‘couples’ (two adults), ‘families’ (one or two adults with children) and ‘other groups’ 

(everyone else not falling into the aforementioned categories).  

a b 
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A pilot study was conducted for a week to test the research method. The experimental 

setup was adapted based on the pilot study. Visitor’s behaviour in the shed was not 

recorded since it was not possible to observe the visitors in there unless the observer 

followed them inside. The pilot study further revealed that it was not possible to record 

each visitor when large numbers of visitors were arriving at the same time. Since the pilot 

study and the study from Granquist and Sigurjonsdottir (2014) showed that ‘couples’ were 

the prevalent group type coming to the site, the decision was made that when to many 

visitors were at the site to record all visitors, the focus should be on recording ‘families’, 

‘singles’ and ‘other groups’ in order to get more evenly distributed data on all the different 

group types for the analysis. In cases where the groups were too large to record all 

individuals within the group, every third visitor was recorded.  

Passive participation was used as an observation technique; i.e., the observer only 

observes the visitor’s behaviour and does not interact with them (DeWalt & DeWalt, 

2010). The observer was located at the seal watching site in Zone B, where it was possible 

to observe visitors in both zones. The observer was visible for the visitors since there was 

no possibility to hide and still be able to conduct observations. The observed behaviour 

was divided into two categories. Firstly, to get an overview of tourist behaviour in each of 

the zone, general behaviour was recorded (3.2.1). Secondly, direct compliance to the signs 

was observed throughout the stay of the visitors in the area (3.2.2). Behavioural recording 

was conducted by one observer for the whole study to avoid differences in recording 

between different observers. The behaviour was observed and recorded both in Zone A and 

Zone B (Figure 4b). Behaviour in Zone A was only recorded for arriving visitors and not 

when visitors were leaving. Furthermore, data was collected on whether and how long 

people spent looking at the signs (3.2.3). 

 

3.2.1 General Behaviour 

General behaviour was classified into the categories voice level, movement pattern 

and hand movements and was recorded in both Zone A and Zone B according to whether 

the categories were low, medium or high for each individual (see definitions in Table 6). 

Movement pattern was not recorded for children being carried. The classification into low, 

medium or high for voice level, movement pattern and hand movement respectively, was 

based on the most common behaviour during the stay in the different zones. For the 



 

analysis, the general behaviour was categorized into passive, intermediate and active 

behaviour (adopted from Granquist & Sigurjonsdottir, 2014) to obtain one response 

variable for the statistical analysis. Passive behaviour was given when all three categories; 

i.e., voice level, movement pattern and hand movement were low; active behaviour when 

at least one category was high and the rest was classified as intermediate. 

 

Table 6: Definitions of low, medium and high voice level, movement pattern and hand 
movement. 

 Voice Level Movement Pattern Hand Movement 

Low 
Not talking, whispering 

Not moving, walking 

slowly, moving cautiously 

None or moving cautiously, 

for example taking photos 

Medium Speaking in a normal 

volume 

Walking in a normal pace, 

jumping 

Pointing, intermediate hand 

gestures 

High Speaking loudly, 

shouting 
Walking very fast, running 

Waving, very active hand 

gestures 

 

 

3.2.2 Compliance with the Signs 

To test the compliance with the guidelines presented on the signs, the occurrence of 

the following behaviour was recorded for each individual, in both Zone A and Zone B: 

shouting, jumping, running, pointing, waving, throwing objects, using flash photography, 

leaving the designated path (only for Zone A) and other potential disturbing actions, called 

‘other behaviour’ (e.g., imitating the seals or whistling). Violations to the guidelines on the 

signs were documented for each observed individual for every occurrence. 

 

3.2.3 Reading the Signs 

To find out whether visitors pay attention to the signs and read them, data was 

collected on whether visitors were not looking, had a brief look (less than three seconds) or 

stopping (more than three seconds) at the sign. The type of sign, deontological or 

teleological, and group type were documented as well to find out whether the visitor’s 

attention to signs is dependent from those factors. In total, 1081 observations were made. 

The data was collected at the first sign because this is where the difference between 
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deontological and teleological guidelines was the largest (see Table 5 and Figure 6). The 

observer was sitting in the grass close to the path and was not visible for visitors going 

towards Zone A and Zone B.  

 

3.3 Data Analysis 

The data was analysed using Excel and the statistical programme R (R Core Team, 

2014). Logistic regression was used to examine whether information presented to the 

visitors using different type of signs influenced visitor’s behaviour and to test if other 

variables; i.e., gender, group type and age also had an influence. Logistic regression is a 

generalisation of a linear model using the logit transformation (Agresti, 2002). Compliance 

with the signs was analysed with ordinary logistic regression and the general behaviour 

with a cumulative logit model. Dummy-coding was used for all variables. χ2-tests were 

used to assess whether there was a difference in the proportion of visitors reading the signs 

depending on the group type and type of given information. The threshold for the 

significance level for all tests was α = 0.05.  

 

3.3.1 General Behaviour 

Since the response variable for the general behaviour was ordered, a cumulative logit 

model (CLM, also called proportional odds model) was adjusted which is an extension of 

ordinary logistic regression (Agresti, 2002). To be able to use CLMs, the proportional odds 

assumption must be fulfilled (Agresti, 2002). The CLM function from the R-package 

ordinal (Christensen, 2015) was used. The proportional odds assumption was tested with a 

χ
2-test according to the method in Agresti (2011). 

Variance inflation factors, showing how much the independent variables are defined 

by each other, were used to check for multicollinearity (Agresti, 2002). A variance 

inflation factor of 1 means there is no collinearity and a general rule of thumb is that the 

variance inflation factor should not be larger than 10 (Robinson & Schumacker, 2009). To 

test for multicollinearity the vif-command in R from the package rms (Harrell, 2014) was 

used. To examine which predictors had an influence on the behaviour, a stepwise model 

selection, starting with the saturated model containing all the potential predictor variables, 

was conducted. Therefore the command step from the R-package MASS (Venables & 



 

Ripley, 2002) was applied, using backward elimination as selection process, where non-

significant variables are eliminated from the original model one at a time (Fox & 

Weisberg, 2010). The final model only contains the relevant variables having an influence 

on the tested behaviour. 

In addition, to test for potential interactions between the explanatory variables, a 

model with all possible interaction terms was also built and stepwise model selection was 

conducted as described above. In case the final model revealed any interaction between 

variables, it was compared to the model without interaction through ANOVA. If the 

models were not significantly different, the model without interaction was kept since it 

corresponds to the parsimonious model; i.e., the less complex model (Vandekerckhove et 

al., 2014). The overall significance of the model was examined with a likelihood ratio test 

by testing against the null model. In addition to the coefficients in the model, odds ratios 

and their 95% confidence intervals were calculated. Wald-test was used to assess whether 

there was a significant difference between the levels of a variable in cases of having more 

than two levels; i.e., for group type and type of sign, since the model only allows 

comparison between the levels of a variable in relation to the reference level due to the 

variables being dummy-coded. 

 

3.3.2 Compliance with the Signs 

Logistic regression can be used for a binary response variable (Agresti, 2002) and for 

the regression model, the GLM function in R with binomial distribution was applied. In 

case of under- or overdispersion the quasi-binomial distribution was used. Models were 

built for each tested behaviour; e.g., pointing and running. Checking multicollinearity, 

stepwise model selection, testing for interactions and overall significance of the final 

model and calculation of odds ratios and 95% confidence intervals were conducted in the 

same way as described above in section 3.3.1.  

 

3.3.3 Comparison between the Zones 

The proportion of visitors showing the same behaviour, both for general behaviour 

and compliance with the signs, were compared between Zone A and Zone B. Therefore, 

prop.test from R was used, assessing the equality of given proportions through a χ2-test. 

The Bonferroni correction was applied for multiple comparisons. 
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3.3.4 Reading the Signs 

A χ2-test was used to find out whether there was a difference in the proportion of 

visitors reading the signs depending on the type of signs (teleological or deontological). 

When doing multiple comparisons, the Bonferroni correction was used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 Results 

At first descriptive statistics are presented in this chapter. Second, the results for the 

general behaviour are illustrated, followed by the results regarding compliance level of the 

visitors to the recommendations on the signs. Third, a comparison between the two zones 

is drawn and lastly the results regarding reading the signs are presented. 

 

In total, observations on males and females were almost evenly distributed. In the 

category group type, ‘couples’ were dominant with 41.6%, followed by ‘other groups’ with 

33.0% (Table 7). ‘Singles’ occured the least with only 1.1%. Over half of the visitors were 

between 20 and 49 years old, one quarter were older than 50 years and only 12.9% were 

children or teenagers. The gender and age distribution between the three experimental 

setups (control, ontological and teleological) were quite similar. When it comes to group 

type, the proportion of ‘families’ was higher and the proportion of ‘couples’ was lower in 

the deontological and teleological setup compared to the control group (Table 7). 

 

Table 7: Summary statistics of collected data: gender, group type and age distribution in 
absolute numbers and percentage in regards to signage.  
 

 

 
 

n % n % n % n %

All Visitors 765 882 793 2440 100

Gender

Male 358 47.0 419 47.7 391 49.4 1168 48.0

Female 404 53.0 460 52.3 401 50.6 1265 52.0

Group Type

Singles 10 1.3 6 0.7 12 1.5 28 1.1

Couple 350 45.8 347 39.3 319 40.2 1016 41.6

Family 142 18.6 248 28.1 200 25.2 590 24.2

Other Groups 263 34.4 281 31.9 262 33.0 806 33.0

Age

Children 36 4.8 61 6.9 34 4.3 131 5.4

Teenager 48 6.4 71 8.1 62 7.9 181 7.5

Middle-Aged 474 62.9 547 62.1 491 62.6 1512 62.5

50+ 196 26.0 202 22.9 197 25.1 595 24.6

Signage

SumControl Deontological Teleological
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Visitors spent 17.3 minutes at the site (Zone A and Zone B combined), on average 

within a range of one minute to over an hour. ‘Singles’ stayed the shortest amount of time 

with ten minutes on average (Table 8). The average time spent in the shed was almost five 

minutes, ranging from zero minutes to three-quarters of an hour. 18% of all visitors did not 

use the shed at all and around 2% stayed in the shed the whole time they were in the seal 

watching zone, i.e., Zone B. 

 
Table 8: Average, minimum and maximum of time spent at the site (in Zone A and B 
combined), and in the shed. 

 
 
 

4.1 General Behaviour 

Active behaviour was rare in both zones (Table 9 and 11); therefore, active and 

intermediate behaviour were merged for the modelling. Due to quasi-complete separation 

of the level ‘singles’ for the variable ‘group type’ and the model function not being able to 

handle quasi-complete separation, the levels ‘singles’ and ‘couples’ were combined. Quasi-

complete separation means there are no observations for at least one level (in this case 

‘singles’) of a category in regards to the dependent variable (Allison, 2004). Quasi-

complete separation only occurred in Zone B but the levels were combined for both zones 

for comparability. Furthermore, there was collinearity between the variables age and group 

type and therefore age was not included during the modelling.  

Mean Min - Max Mean Min - Max

All Visitors 17.3 1 - 66 4.7 0 - 42

Gender

Male 17.2 1 - 66 4.5 0 - 42

Female 17.4 1 - 66 4.9 0 - 31

Group Type

Singles 10.3 1 - 26 3.0 0 - 16

Couple 15.7 2 - 65 4.2 0 - 42

Family 18.2 1 - 66 5.7 0 - 28

Other Groups 18.7 1 - 57 4.7 0 - 33

Age

Children 19.1 1 - 65 6.4 0 - 26

Teenager 17.7 4 - 66 5.9 0 - 26

Middle-Aged 17.3 1 - 66 4.7 0 - 42

50+ 16.8 3 - 65 3.9 0 - 28

Total Time (minutes) Time spent in shed (minutes)



 

 

4.1.1 Zone A 

In Zone A, 11.8% of all the visitors showed passive behaviour, 87.1% intermediate 

and 1.1% active behaviour (Table 9). Passive behaviour was lower in the control group 

compared to when visitors were provided with signs. The distribution of passive behaviour 

between males and females was almost the same. ‘Families’ were the group type showing 

the highest degree of passive behaviour with 13.9%. In the category age, visitors older than 

50 years showed the highest degree of passive behaviour with 17.0%, while the highest 

percentage of active behaviour was shown by ‘children’ (Table 9). 

 
Table 9: Summary statistics of observed general behaviour in Zone A. 

 
 

Model Selection 

The ordinal logistic regression showed that the general behaviour in Zone A was 

predicted by type of sign and group type and the interactions between those two variables 

(Table 10). Since this model was significantly different to the model without interaction 

terms (Likelihood Ratio (LR)-test: LR = 13.59, p = 0.009), the model with the interaction 

n % n % n %

All Visitors 285 11.8 2107 87.1 26 1.1

Type of Sign

Control 64 8.4 682 90.0 12 1.6

Deontological 114 13.0 752 85.9 9 1.0

Teleological 107 13.6 673 85.7 5 0.6

Gender

Male 134 11.6 1013 87.3 13 1.1

Female 151 12.0 1094 87.0 13 1.0

Group Type

Singles 2 7.1 25 89.3 1 3.6

Couples 110 10.8 902 88.8 4 0.4

Families 79 13.9 477 83.7 14 2.5

Other Groups 94 11.7 703 87.4 7 0.9

Age

Children 17 15.6 81 74.3 11 10.1

Teenager 16 8.8 163 90.1 2 1.1

Middle-Aged 151 10.0 1350 89.3 11 0.7

50+ 101 17.0 492 82.7 2 0.3

Behaviour in Zone A

Passive Intermediate Active
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term was kept as final model. Gender was not a significant predictor in the final model 

(LR-test: LR = 0.139, p = 0.71). The proportional odds assumption was fulfilled (χ2-test, p 

= 1) and the values of the variance inflation factor are between 3.6 and 7.6 indicating that 

there is no multicollinearity. 

The results from the final model are shown in Table 10. The odds ratios refer to the 

likelihood of behaving in a passive manner. The odds ratios for the different levels of a 

category (e.g., control, deontological and teleological for the category type of sign) are in 

relation to the reference level (e.g., the control group for the category type of sign). Since it 

is not possible to interpret odds ratios smaller than one directly (McHugh, 2009), the 

quotient from the reference and the category compared to it, was calculated. The final 

model is significantly different compared to the null model without predictors (Table 10). 

In the deontological setup, visitors were 2.38 times more likely and in the 

teleological setup 1.75 times more likely to show passive behaviour compared to the 

control group (Table 10). There was no significant difference in the likelihood of behaving 

passively between the deontological and teleological setup (Wald-test: χ2 = 1.6, p = 0.2). 

‘Families’ were two times more likely to behave in a passive way than the reference level 

‘couples’, but there was no significant difference between ‘couples’ and ‘other groups’ 

(Table 10). The most passive behaviour was found among ‘other groups’ during the 

teleological setup with 17.6% (Figure 7). The interaction term between type of sign and 

group type was only significant when it comes to the comparison of ‘couples’ and ‘other 

groups’ with ‘couples’ being 2.32 times more likely to increase their passive behaviour 

between the control and deontological setup, compared to ‘other groups’.  

 

 

 

 

 

 

 

 

 

 

 



 

Table 10: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model for general behaviour in Zone A. OR refer to passive behaviour. 

 

 

 

Figure 7: Passive Behaviour (in %) in relation to type of sign and group type 

 

 

OR 95% CI p-value

Type of Sign 0.002

Control 1.00

Deontological 0.42 0.25 - 0.70 < 0.001

Teleological 0.57 0.33 - 0.97 0.039

Group Type 0.299

Couples* 1.00

Families 0.50 0.26 - 0.96 0.038

Other Groups 0.74 0.41 - 1.35 0.327

Interaction Terms 0.009

Ontological:Families 1.81 0.82 - 4.03 0.144

Teleological:Families 1.76 0.75 - 4.14 0.194

Ontological:Other Groups 2.32 1.06 - 5.07 0.035

Teleological:Other Groups 0.80 0.37 - 1.70 0.555

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.016

LRχ2(8) = 28.66; p -value: < 0.001

*Singles are included
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4.1.2 Zone B 

In Zone B, 85.6% of all the visitors behaved in a passive way, 13.8% in an intermediate 

and 0.7% behaved in an active way (Table 11). Passive behaviour was highest for the 

teleological setup with 92.7% when it comes to type of sign. The distribution of passive, 

intermediate and active behaviour was almost the same for females and males. For the 

category group type, ‘singles’ showed the highest proportion of passive behaviour with 

100% and for the category ‘age’, the highest proportion of passive behaviour was found 

among middle-aged visitors with 88.4%. Children had the lowest proportion of passive 

behaviour with 54.8% and the highest proportion of active behaviour with 7.0%, being ten 

times higher than the mean of all visitors (Table 11). 

 

Table 11: Summary statistics of observed general behaviour in Zone B in absolute 
numbers and in percentage.  

 

 

Model Selection 

The ordinal regression analysis showed that the variables group type and type of sign 

were significant for the model predicting the general behaviour in Zone B. Gender was not 

n % n % n %

All Visitors 2043 85.6 329 13.8 16 0.7

Type of Sign

Control 556 75.4 168 22.8 13 1.8

Deontological 765 87.7 107 12.3 0 0.0

Teleological 722 92.7 54 6.9 3 0.4

Gender

Male 995 86.5 147 12.8 8 0.7

Female 1048 84.7 182 14.7 8 0.6

Group Type

Singles 27 100.0 0 0.0 0 0.0

Couples 904 90.5 95 9.5 0 0.0

Families 439 77.0 121 21.2 10 1.8

Other Groups 673 85.0 113 14.3 6 0.8

Age

Children 63 54.8 44 38.3 8 7.0

Teenager 142 79.8 33 18.5 3 1.7

Middle-Aged 1312 88.4 168 11.3 5 0.3

50+ 508 86.2 81 13.8 0 0.0

Behaviour in Zone B

Passive Intermediate Active



 

a significant predictor in the final model (Likelihood Ratio (LR)-test: LR = 1.35, p = 0.24) 

and there were no significant interactions between variables that affected the general 

behaviour of the visitors. The proportional odds assumption was fulfilled (χ2-test, p = 1) 

and the values of the variance inflation factor were between 1.7 and 2.2 indicating that 

there was no multicollinearity. The final model as a whole was significant (Table 12). 

Visitors in the deontological setup were 2.70 times more likely to behave in a passive 

manner and 4.76 times in the teleological setup compared to the control group (Table 12). 

The difference between deontological and teleological setup was significant (Wald-test: χ2 

= 9.9, p = 0.0016) with the teleological setup being 1.73 more likely to behave in a passive 

way than the deontological one. ‘Couples’ showed passive behaviour 3.49 times more 

often compared to ‘families’ and 1.81 times more often than ‘other groups’ (Table 12). 

Furthermore, ‘other groups’ were 1.93 times more likely to show passive behaviour than 

‘families’ which was a significant difference (Wald-test: χ2 = 20.2, p < 0.001). 

 

Table 12: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model for general behaviour in Zone B. OR refer to passive behaviour. 

 

 

4.2 Compliance with the Signs 

The compliance with the following recommendations was tested: pointing, waving, 

jumping, running, shouting, leaving the path and other behaviour. During the modelling of 

compliance of the guidelines that were presented to visitors on the signs, waving and 

pointing were combined into one category (‘hand movement’) and jumping and running 

OR 95% CI p-value

Type of Sign < 0.001

Control 1.00

Deontological 0.37 0.28 - 0.49 < 0.001

Teleological 0.21 0.16 - 0.30 < 0.001

Group Type < 0.001

Couples* 1.00

Families 3.49 2.58 - 4.70 < 0.001

Other Groups 1.81 1.35 - 2.42 < 0.001

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.082

LRχ2(4) = 162.5 ; p -value: < 0.001

*Singles are included
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were combined into one category (‘movement’). The recommendation not to leave the path 

(‘off-path’) is only relevant for Zone A since there is no designated path in Zone B. Using 

flash photography was put into the category ‘other behaviour’ since it only happened a few 

times. ‘Other behaviour’ was not included in the modelling because of low occurrence for 

both zones; less than 1% for Zone A and 1.2% for Zone B. In Zone A, shouting was only 

observed among 0.2% of all visitors and was hence excluded from the model analysis for 

Zone A, due to low numbers (Table 13). ‘Singles’ were kept as a separate category to not 

lose information but those values are not interpretable due to quasi-complete separation, 

and therefore those values are not described in regards to the description of the model 

analysis. 

 

4.2.1 Zone A 

In Zone A, the compliance with the guideline not to point was the lowest with 5.1% 

of the visitors pointing (Table 13). There are not very big differences in the proportion of 

visitors pointing within the categories ‘type of sign’, ‘gender’ and ‘group type’. When it 

comes to the category age, ‘children’ were pointing the least with 2.4% and visitors over 

50 years the most with 6.4%. On average, 2.9% of the visitors left the designated path. 

‘Children’ left the path the most often with 10.7% (Table 13) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 13: Numbers and percentage of visitors showing undesirable behaviour in Zone A. 
‘Other behaviour’ is not included since it was only recorded two times.   

 

 

Model Selection for Hand Movement 

The results from the logistic regression showed that the only significant variable 

affecting hand movements was type of sign. Group type (LR-test: LR = 5.13, p = 0.16) and 

gender (LR-test: LR = 3.54, p = 0.060) did not significantly affect hand movements. The 

proportion of visitors pointing or waving was very similar in the control and deontological 

setup (Table 13). Visitors in the teleological setup were 1.69 times less likely to wave or 

point compared to the control group (Table 14). Further, there was also a difference 

between the visitors in the teleological  and ontological setup with visitors in the 

teleological setup being 1.78 times less likely to show hand movements (Wald-test: χ2 = 

6.1, p = 0.013). The model as a whole was significant (Table 14).  

 

 

 

 

n % n % n % n % n % n %

All Visitors 123 5.1 8 0.3 8 0.3 39 1.6 6 0.2 71 2.9

Type of Sign

Control 43 5.7 3 0.4 2 0.3 13 1.7 2 0.3 35 4.6

Deontological 51 5.8 5 0.6 4 0.5 18 2.0 2 0.2 26 2.9

Teleological 29 3.7 0 0.0 2 0.3 8 1.0 2 0.3 10 1.3

Gender

Male 70 6.0 3 0.3 3 0.3 19 1.6 2 0.2 44 3.8

Female 53 4.2 5 0.4 5 0.4 20 1.6 4 0.3 27 2.1

Group Type

Singles 0 0.0 0 0.0 0 0.0 1 3.6 0 0.0 1 3.6

Couples 46 4.5 2 0.2 1 0.1 5 0.5 0 0.0 26 2.6

Families 33 5.7 3 0.5 5 0.9 22 3.8 5 0.8 24 4.1

Other Groups 44 5.5 3 0.4 2 0.2 11 1.4 1 0.1 20 2.5

Age

Children 3 2.4 1 0.8 4 3.2 19 15.3 2 1.5 14 10.7

Teenager 9 5.0 1 0.6 0 0.0 6 3.3 0 0.0 5 2.8

Middle-Aged 73 4.8 5 0.3 4 0.3 13 0.9 3 0.2 35 2.3

50+ 38 6.4 1 0.2 0 0.0 1 0.2 1 0.2 15 2.5

Off-Path

Undesirable Behaviour in Zone A

Pointing Waving Jumping Running Shouting
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Table 14: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model for hand movement in Zone A.OR describe the likelihood of 
doing hand movement in comparison to the reference level with OR = 1. 

 

 

Model Selection for Movement 

The ordinary logistic regression revealed that jumping and running was predicted by 

group type. Gender (LR-test: LR = 0.034, p = 0.85) and type of sign (LR-test: LR = 2.25, p 

= 0.33) did not have a significant effect on movement behaviour. ‘Families’ were 6.95 

times and ‘other groups’ 2.76 times more likely to run or jump than ‘couples’ (Table 15).  

 

Table 15: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model jumping and running in Zone A. OR describe the likelihood of 
movement in comparison to the reference level with OR = 1. 

 

 

Model Selection for leaving the path 

The regression analysis for going off the path showed that the final model included 

the variables gender, type of sign and group type, as well as the interaction between type of 

sign and group type. This model was significantly different (LR-test: LR = 13.83, p = 

0.032) and therefore the better model to predict the compliance with leaving the path 

compared to the model without interaction terms. There was no multicollinearity with 

values ranging from 1.0 to 5.1, except for ‘singles’. Those values are not informative and 

therefore not important to assess multicollinearity. Visitors in the control group left the 

OR 95% CI p-value

Type of Sign 0.022

Control 1.00

Deontological 1.05 0.70 - 1.57 0.815

Teleological 0.59 0.37 - 0.95 0.029

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.007

LRχ2(2) = 7.41; p -value: 0.025

OR 95% CI p-value

Group Type < 0.001

Couples 1.00

Families 6.95 2.81 - 17.17 < 0.001

Other Groups 2.76 1.04 - 7.30 0.040

Singles 6.23 0.73 - 53.58 0.095

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.054

LRχ2(3) = 23.38; p -value: < 0.001



 

path 2.5 times and 8.3 times more often than in the deontological and teleological setup 

respectively (Table 16). There was no significant difference between the deontological and 

teleological setup (Wald-test: χ2 = 2.2, p = 0.13). Male visitors were 1.8 times more likely 

to leave the path than female ones. Group type on its own was not significant (p = 0.17), 

but the interaction between group type and type of sign (p = 0.03) was significant. 

‘Couples’ were seven times more likely to comply with the guideline not to leave the path 

in the teleological setup, compared to ‘other groups’ (Table 16). Families were also more 

likely to comply with that guideline for the teleological setup in comparison to ‘other 

groups’ (Wald-test: χ2 = 4.8, p = 0.03) (Figure 8).   

 

Table 16: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model of leaving the path in Zone A. OR describe the likelihood of 
leaving the path in comparison to the reference level with OR = 1.  

 

 

OR 95% CI p-value

Type of Sign < 0.001

Control 1.00

Deontological 0.40 0.17 - 0.99 0.047

Teleological 0.12 0.03 - 0.53 0.005

Group Type 0.170

Couples 1.00

Families 1.53 0.68 - 3.44 0.300

Other Groups 0.64 0.27 - 1.50 0.300

Singles 1.18*10
-6

0 - Infinite 0.986

Gender 0.014

Female 1.00

Male 1.81 1.11 - 2.96 0.018

Interaction Terms 0.032

Ontological:Families 1.79 0.52 - 6.16 0.357

Teleological:Families 0.53 0.04 - 6.66 0.620

Ontological:Other Groups 1.37 0.33 - 5.82 0.665

Teleological:Other Groups 7.01 1.16 - 42.3 0.034

Goodness of Fit McFaddens R
2
 = 0.064

LRχ2(12) = 41.18; p -value: < 0.001

Significant Predictors
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Figure 8: Visitors going off the path (in %) in relation to ‘type of sign’ and ‘group type’. 

 

 

4.2.2 Zone B 

As in Zone A, the compliance with the guideline not to point was the lowest; on 

average, 37.7% of the visitors pointed during their stay and there were no big differences 

throughout the categories (Table 17). Within the category type of sign, visitors without 

information showed the highest proportion of waving, running, shouting and other 

behaviour compared to the deontological and teleological setup (Table 17). Of all group 

types, ‘children’ and ‘teenagers’ complied the least with the information presented to them 

on the signs when it comes to jumping, running and shouting. ‘Singles’ were not observed 

to show any of the undesirable behaviour (Table 17). 

 

 

 

 

 

 

 

 

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

7.0%

8.0%

Control Deontological Teleological

Visitors leaving the path (%)

Couples

Families

Other Groups



 

Table 17: Numbers and percentage of visitors showing undesirable behaviour in Zone B.  

 

 

Model Selection for Hand Movement 

The results from the logistic regression showed that the only significant variable 

affecting hand movements was group type (Table 18). Type of sign (LR-test: LR = 2.37, p 

= 0.31) and gender (LR-test: LR = 0.57, p = 0.45) did not have an effect on hand 

movements. The model as a whole was significant (Table 18), even though ‘families’ and 

‘other groups’ were not significantly different than ‘couples’. There was no significant 

difference between ‘other groups’ and ‘families’ (Wald-test: χ2 = 0.22, p = 0.64). 

 

Table 18: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model for hand movement in Zone B. OR describe the likelihood of 
hand movement in comparison to the reference level with OR = 1 

 

n % n % n % n % n % n %

All Visitors 901 37.7 63 2.6 54 2.3 124 5.2 87 3.6 28 1.2

Type of Sign

Control 278 37.7 33 4.5 18 2.4 43 5.8 43 5.8 16 2.1

Deontological 347 39.7 15 1.7 18 2.2 49 5.6 28 3.2 5 0.6

Teleological 276 35.4 15 1.9 18 2.3 32 4.1 16 2.0 7 0.9

Gender

Male 424 36.8 26 2.3 29 2.5 62 5.4 37 3.2 19 1.6

Female 477 38.5 37 3.0 25 2.0 62 5.0 50 4.0 9 0.7

Group Type

Singles 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Couples 363 36.3 21 2.1 4 0.4 11 1.1 7 0.7 5 0.5

Families 230 40.3 14 2.5 37 6.5 84 14.7 53 9.1 9 1.5

Other Groups 308 38.8 28 3.5 13 1.6 29 3.7 27 3.4 14 1.8

Age

Children 40 34.2 3 2.6 17 14.8 53 46.1 38 29.9 5 3.9

Teenager 59 33.1 3 1.7 20 11.2 33 18.5 8 4.5 3 1.7

Middle-Aged 556 37.4 43 2.9 15 1.0 34 2.3 28 1.9 15 1.0

50+ 242 41.1 13 2.2 2 0.3 4 0.7 13 2.2 5 0.8

Undesirable Behaviour in Zone B

Pointing Waving Jumping Running Shouting Other behaviour

OR 95% CI p-value

Group Type < 0.001

Couples 1.00

Families 1.17 0.95 - 1.45 0.132

Other Groups 1.11 0.92 - 1.35 0.263

Singles 2.9*10
-7

1.1*10
-245

 - 7.6*10
231

0.957

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.009

LRχ2(3) = 29.1; p -value: < 0.001
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Model Selection for Movement 

The logistic regression showed that jumping and running in Zone B was predicted by 

type of sign and group type. Gender had no effect on movement (LR-test: LR = 0.57, p = 

0.45). The final model was significantly different to the model without predictors (Table 

19). Type of sign was not significant overall (p = 0.12), but there was a significant 

difference between the control group and the teleological setup (p = 0.04) (Table 19). The 

difference between the deontological and teleological setup was not significant (Wald-test: 

χ
2 = 0.88, p = 0.35). There was no indication of multicollinearity with values ranging from 

1.4 to 2.6. Visitors in the control group were 1.5 times more likely to jump and run 

compared to visitors with the teleological setup. ‘Couples’ were 15.5 times less likely to 

run or jump than ‘families’ and 3.4 times less likely than ‘other groups’ (Table 19). 

‘Families’ were 4.5 times more likely to run or jump in Zone B than ‘other groups’ which 

was a significant difference (Wald-test: χ2 = 58.5, p < 0.001). 

 

Table 19: Odds Ratios, Confidence Intervals and p-values of significant predictors for 
final model for jumping and running in Zone B. OR describe the likelihood of movement in 
comparison to the reference level with OR = 1. 

 

 

Model Selection for Shouting 

The logistic regression revealed that type of sign and group type were predictors for 

the model for shouting (Table 20). Gender was significant (LR-test: LR = 4.30, p = 0.04), 

but the model with the predictor gender is not significantly different to the model without it 

(LR-test: LR = 1.17, p = 0.25) and hence gender was not kept in the final model. There 

OR 95% CI p-value

Type of Sign 0.119

Control 1.00

Deontological 0.78 0.52 - 1.16 0.211

Teleological 0.64 0.41 - 0.98 0.040

Group Type < 0.001

Couples 1.00

Families 15.51 8.91 - 27.0 < 0.001

Other Groups 3.42 1.87 - 6.25 < 0.001

Singles 4.3*10
-6

0 - Infinite 0.979

Goodness of Fit

Significant Predictors

McFaddens R
2
 = 0.140

LRχ2(5) = 164.1; p -value: < 0.001



 

was no indication of multicollinearity with values ranging from 1.1 to 2.2. The final model 

was significantly different to the null model. Visitors in the control group were 2.4 times 

and 3.6 more likely to shout compared to visitors in the deontological and teleological 

setup, respectively. The difference between the deontological and teleological setup was 

not significant (Wald-test: χ2 = 1.6, p = 0.21). ‘Couples’ were 16.4 times less likely to 

shout than ‘families’ and 5.1 times less likely than ‘other groups’ (Table 20). ‘Other 

groups’ were 3.2 times less likely to shout than ‘families’ (Wald-test: χ2 = 22.3, p < 0.001). 

 

Table 20: Odds Ratios (OR), Confidence Intervals (CI) and p-values of significant 
predictors for final model for shouting in Zone B. OR describe the likelihood of shouting in 
comparison to the reference level with OR = 1. 

 

 

 

4.3 Comparison between Zones 

4.3.1 General Behaviour 

Both group type and type of sign predicted the behaviour for both zones with more 

passive behaviour where tourists received information, but for Zone A, the interaction 

between those two predictors was relevant as well. Passive behaviour in Zone A was 

significantly lower for all categories; i.e., type of sign, gender, group type and age, than in 

Zone B (Table 21). Except for visitors older than 50, ‘children’ showed the highest 

proportion of passive behaviour in Zone A, but the lowest in Zone B compared to other age 

groups (Table 21). In both zones ‘children’ are the group showing the most active 

behaviour. 

OR 95% CI p-value

Type of Sign < 0.001

Control 1.00

Deontological 0.42 0.25 - 0.69 < 0.001

Teleological 0.28 0.15 - 0.51 < 0.001

Group Type < 0.001

Couples 1.00

Families 16.43 7.38 - 36.6 < 0.001

Other Groups 5.12 2.21 - 11.8 < 0.001

Singles 9.7*10
-6

0 - Infinite 0.98

Goodness of Fit

Significant Predictors

LRχ2(5) = 97.2; p -value: < 0.001
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Table 22 shows the percentage of passive and intermediate behaviour without speed 

movement; i.e., only hand movement and voice level were included. There were still 

significant differences between Zone A and Zone B, but they were not as large as when 

speed movement was included. The proportion of children’s general behaviour between the 

zones was the same (χ2-test: χ2 = 0.591, p = 0.44), in contrast to the general behaviour 

including speed movement (χ2-test: χ2 = 35.7, p < 0.001). 

 

Table 21: General Behaviour of Zone A and B in comparison. Active behaviour is included 
in ‘Intermediate’. Differences between the zones in passive behaviour were tested with χ2-
test. p-value is adjusted according to Bonferroni correction (p’-value). 

 

 

 

 

 

 

 

Zone A Zone B Zone A Zone B p-value p'-value

All Visitors 11.8 85.6 88.2 14.4 <0.001 0.05

Type of Sign

Control 8.4 75.4 91.6 24.6 <0.001 0.017

Deontological 13.0 87.7 87.0 12.3 <0.001 0.017

Teleological 13.6 92.7 86.4 7.3 <0.001 0.017

Gender

Male 11.6 86.5 88.4 13.5 <0.001 0.025

Female 12.0 84.7 88.0 15.3 <0.001 0.025

Group Type

Singles 7.1 100.0 92.9 0.0 <0.001 0.0125

Couples 10.8 90.5 89.2 9.5 <0.001 0.0125

Families 13.9 77.0 86.1 23.0 <0.001 0.0125

Other Groups 11.7 85.0 88.3 15.0 <0.001 0.0125

Age

Children 15.6 54.8 84.4 45.2 <0.001 0.0125

Teenager 8.8 79.8 91.2 20.2 <0.001 0.0125

Middle-Aged 10.0 88.4 90.0 11.6 <0.001 0.0125

50+ 17.0 86.2 83.0 13.8 <0.001 0.0125

Behaviour in %

Passive Intermediate



 

 

Table 22: General Behaviour of Zone A and Zone B in comparison without speed 
movement. Differences between the zones in passive behaviour were tested with χ2-test. p-
value is adjusted according to Bonferroni correction ( p’-value). 

 

 

 

4.3.2 Compliance with the Signs 

Pointing and waving was predicted by type of sign for Zone A and group type for 

Zone B (Table 23). Group type was significant for both zones in terms of jumping and 

running; for Zone B type of sign was also relevant for this behaviour. All the recorded 

behaviour; i.e., pointing and waving, jumping and running and shouting, was significantly 

lower in Zone A compared to Zone B, except for the group type ‘singles’. There was no 

difference between the zones for jumping and running regarding ‘couples’ and visitors 

over 50. For both Zone A and B, in the category ‘age’, ‘children’ showed the highest 

percentage of jumping and running, and pointing/waving was most common among 

visitors over 50 in both zones (Table 23). 

 

Zone A Zone B Zone A Zone B p-value p'-value

All Visitors 67.1 86.0 32.9 14.0 <0.001 0.05

Type of Sign

Control 57.9 76.4 42.1 23.6 <0.001 0.017

Deontological 66.3 87.6 33.7 12.4 <0.001 0.017

Teleological 76.9 93.2 23.1 6.8 <0.001 0.017

Gender

Male 71.7 87.4 28.3 12.6 <0.001 0.025

Female 63.3 85.1 36.7 14.9 <0.001 0.025

Group Type

Singles 71.4 100.0 28.6 0.0 0.004 0.0125

Couples 67.5 90.6 32.5 9.4 <0.001 0.0125

Families 67.1 78.6 32.9 21.4 <0.001 0.0125

Other Groups 66.5 85.0 33.5 15.0 <0.001 0.0125

Age

Children 51.1 56.7 48.9 43.3 0.442 0.0125

Teenager 68.5 84.8 31.5 15.2 <0.001 0.0125

Middle-Aged 67.5 88.4 32.5 11.6 <0.001 0.0125

50+ 69.6 86.4 30.4 13.6 <0.001 0.0125

Behaviour in %

Passive Intermediate
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Table 23: Compliance Behaviour of Zone A and Zone B in comparison. Differences 
between the zones in passive behaviour were tested with χ2-test. p-value is adjusted 
according to Bonferroni correction ( p’-value). 

 
 

 

4.4 Reading Signs 

Results investigating the proportion of visitors at Illugastaðir reading the signs in the 

study revealed that overall, 37.7% of the visitors did not look at the signs, 19.7% had a 

brief look (less than three seconds) and 42.6% stopped (more than three seconds) at the 

sign (Table 24). Regarding the deontological sign, 45.3% of the visitors did not look, 

27.7% had a brief look and 27.0% stopped and read the sign. In comparison, more than 

half of the visitors, namely 56.9%, stopped and read the teleological sign, 12.3% had a 

brief look and 30.8% did not look at the sign at all (Figure 9). The proportion of people not 

looking at the sign was higher for the deontological sign (χ2-test: χ2 = 23.52, p < 0.001), as 

well as for having a brief look (χ2-test: χ2 = 38.83, p < 0.001). A higher amount of the 

visitors stopped at the teleological sign compared to the deontological one (χ2-test: χ2 = 

97.88, p < 0.001). The p-values were adjusted according to the Bonferroni correction. 

Zone A Zone B p-value Zone A Zone B p-value Zone A Zone B p-value p'-value

All Visitors 5.4 40.3 <0.001 1.9 7.5 <0.001 0.2 3.6 <0.001 0.05

Type of Sign

Control 6.1 42.2 <0.001 2.0 8.2 <0.001 0.3 5.8 <0.001 0.017

Deontological 6.4 41.4 <0.001 2.5 7.8 <0.001 0.2 3.2 <0.001 0.017

Teleological 3.7 37.3 <0.001 1.3 6.4 <0.001 0.3 2.0 0.002 0.017

Gender

Male 6.3 39.1 <0.001 1.9 7.9 <0.001 0.2 3.2 <0.001 0.025

Female 4.6 41.5 <0.001 2.0 7.0 <0.001 0.3 4.0 <0.001 0.025

Group Type

Singles 0.0 0.0 NA 3.6 0.0 1 0 0.0 NA 0.0125

Couples 4.7 38.4 <0.001 0.6 1.5 0.073 0 0.7 0.0073 0.0125

Families 6.2 42.8 <0.001 4.7 21.2 <0.001 0.8 9.1 <0.001 0.0125

Other Groups 5.8 42.3 <0.001 1.6 5.3 <0.001 0.1 3.4 <0.001 0.0125

Age

Children 3.2 36.8 <0.001 18.5 60.9 <0.001 1.5 29.9 <0.001 0.0125

Teenager 5.5 34.8 <0.001 3.3 29.7 <0.001 0 4.5 0.003 0.0125

Middle-Aged 5.2 40.3 <0.001 1.2 3.3 <0.001 0.2 1.9 <0.001 0.0125

50+ 6.6 43.3 <0.001 0.2 1.0 0.13 0.2 2.2 0.003 0.0125

Pointing/Waving Running/Jumping Shouting

Undesirable Behaviour in %



 

In terms of group type, more than half of the ‘couples’ stopped for reading the signs. 

40.6% of the ‘families’, 30.4% of ‘other groups’ and 43.2% of the ‘singles’ stopped for 

reading the signs. 29.6% of the ‘couples’, 42.1% of the ‘families’, 46.6% of ‘other groups’ 

and 36.4% of the ‘singles’ did not look at the signs (Figure 9). When looking at the 

combination of ‘type of signs’ and ‘group type’, the proportion of ‘couples’ and ‘other 

groups’ doubled between deontological and teleological signs for stopping at the signs; for 

‘families’ the proportion increased almost threefold and the proportion of ‘singles’ 

increased from 31.8% to 54.5% (Table 25).  

 

Table 24: Numbers and percentage of visitors not looking, having a brief look and 
stopping at the sign. 

 

 

 

n % n % n %

All Visitors 408 37.7 213 19.7 460 42.6

Type of Sign

Deontological 235 45.3 144 27.7 140 27.0

Teleological 173 30.8 69 12.3 320 56.9

Group Type

Couples 138 29.6 88 18.9 240 51.5

Families 107 42.1 44 17.3 103 40.6

Other Groups 144 46.6 71 23.0 94 30.4

Singles 16 36.4 9 20.5 19 43.2

Not Looking

Reading Signs

Brief Look Stopping
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Figure 9: Proportion of visitors not looking, having a brief look (< 3 sec) and stopping at 
the sign (> 3 sec) in regards to type of sign (above) and group type (below). ‘Other’ refers 
to ‘other groups’. The bar widths represent the sample sizes. 

 

Table 25: Percentage of visitors not looking, having a brief look and stopping at the sign 
in combination with ‘type of sign’ and ‘group type’. 

 

 

 

Deontological Teleological Deontological Teleological Deontological Teleological

Couples 37.7 21.8 28.5 9.7 33.8 68.5

Families 56.5 28.5 22.6 12.3 21 59.2

Other Groups 49.7 43.9 29.7 17.1 20.7 39

Singles 31.8 40.9 36.4 4.5 31.8 54.5

Not Looking Brief Look Stopping

Reading Signs (in %)



 

5 Discussion 

In the following chapter, the results are interpreted according to general behaviour and 

compliance with the signs and the different zones. A comparison is drawn between the two 

zones, followed by a discussion of the likelihood of reading the signs depending on 

different setups. Based on the results, management implications are discussed. Finally, 

strength and limitations of this study are presented. 

 

5.1 General Behaviour 

5.1.1 Zone A 

Most of the visitors walked at a normal pace and spoke in a normal volume when 

they were in Zone A and going towards Zone B. For this reason, the proportion of 

intermediate behaviour was quite high (87.1%) (Table 9). The type of sign, as well as its 

interaction with group type affected the general behaviour in Zone A. Passive behaviour 

increased during periods when signs were presented to the visitors, with visitors being 2.38 

times more likely to behave in a passive way in the deontological setup and 1.75 times 

more likely in the teleological one (Table 10). This shows that signage had a positive effect 

on the general behaviour in Zone A. In general, there was no increase in passive behaviour 

during the teleological setup compared to the deontological one, as would have been 

expected since some authors suggest that giving a rationale is more effective and surveys 

show that visitors prefer getting an explanation for guidelines (Malloy & Fennel, 1998; 

Ballantyne et al., 2009).  

The interaction between type of sign and group type means that the influence of 

signage on visitor’s behaviour was different between group types; in other words the 

visitor’s response to signage was dependant on the type of group. In regards to ‘couples’, 

deontological signs had the highest effect: they were 2.32 times more likely to increase 

passive behaviour between control and deontological setup, compared to ‘other groups’. 

‘Families’ showed the highest passive behaviour on average compared to ‘couples’ and 

‘other groups’. The opposite was expected since other studies indicate that larger groups 

like families show more active behaviour than smaller groups like couples (Cassini, 2001; 

Cassini et al., 2004, Granquist & Sigurjonsdottir, 2014). The high number of passive 

behaviour can be explained by very young children walking slowly (children being carried 
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were excluded), and mostly at least one parent was walking with them at the same pace. 

This assumption is confirmed by the fact that the proportion of ‘families’ and ‘couples’ 

behaving passively in Zone A was almost the same when speed movement was removed 

and only hand movement and voice level was left (Table 22). Furthermore, ‘families’ have 

the widest behavioural range because they also have the highest active behaviour number 

(Table 9). This is probably because of children running, jumping and shouting the most, 

compared to other age groups (Table 13).  

 

5.1.2 Zone B 

The general behaviour in Zone B was affected by the type of sign and group type. 

Passive behaviour was lowest in the control group, and highest in the teleological setup as 

hypothesised. Visitors in the deontological setup were 2.7 times, and in the teleological 

setup 4.8 times, more likely to behave in a passive way than visitors in the control group. 

This shows that signage had a positive effect on the general behaviour in Zone B. 

Furthermore, visitors in the teleological setup were more likely to behave passively than 

the ones in the deontological setup. This indicates that teleological information influences 

the behaviour more than deontological information for the overall behaviour in Zone B. 

Apart from ‘singles’, ‘couples’ showed the most passive behaviour compared to 

‘families’ and ‘other groups’ which confirms the findings of the study conducted by  

Granquist and Sigurjonsdottir (2014). ‘Couples’ were 3.5 times more likely to behave 

passively, compared to ‘families’. This can be explained by the highly active behaviour of 

children and teenagers (Table 11), which is further reflected in low compliance regarding 

jumping, running and shouting (Table 17). Seven percent of the children showed active 

behaviour, ten times higher than the mean for all visitors. The higher likelihood of 

‘families’ and ‘other groups’ not behaving as calmly as ‘couples’ is probably partly due to 

interactions within the group. This also explains the highly passive behaviour of ‘singles’ 

in Zone B. There was no interaction term between group type and type of sign, meaning 

that the different group types changed their behaviour equally between the three different 

setups.  

 



 

5.2 Compliance with the Signs 

5.2.1 Zone A 

Compliance with the recommendations presented on the signs was high in Zone A, 

with 5.1% being the highest proportion on average for all visitors for not complying with 

the guideline in regards to pointing. This is quite evident since most of the visitors want to 

reach Zone B and do not dwell in Zone A for a long time. Except for pointing, ‘children’ 

was the group type showing the highest proportion of undesirable behaviour for all the 

categories; i.e., jumping, running, shouting and leaving the path. This explains why 

‘families’ had the lowest compliance compared to all the other group types since children 

are included in the category ‘families’. 

Singles complied completely with the guidelines except for following the 

recommendation not to run and leave the path in Zone A, but only one person in the 

category ‘singles’ did not follow these guidelines. Due to the low number of recorded 

‘singles’ compared to the other group type categories, it is not possible to make 

comparisons between ‘singles’ and other group types. That is also the reason why the 

reported odds ratios and confidence intervals are either very larger or very small and it is 

not sensible to use the reported p-values in regards to ‘singles’. Even though it is not 

possible to make a proper analysis for the modelling results for ‘singles’, it is 

recommended to include the data in the modelling rather than deleting the data or combing 

it with other categories since the effect is still reflected in the model (Allison, 2004). 

Additionally, it does not influence the test statistics, such as odds ratios and confidence 

intervals of the other variables. Therefore, ‘singles’ were kept as a separate category for 

modelling the compliance with the signs, in contrast to the general behaviour where this 

was not possible because of the model not being able to work with quasi-complete 

separation.  

When it comes to predicting compliance regarding hand movement, only type of sign 

had a significant effect, while gender and group type did not have an influence. However, 

there was no significant difference between the control and deontological setup indicating 

that the deontological signs did not have an effect on hand movement. In contrast, visitors 

in the teleological setup were significantly less likely to point or wave than visitors in the 

control or deontological setup. This demonstrates that in Zone A teleological information 

positively affected the hand movement behaviour, but deontological information did not. 
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However, it must be noted that the model does not fit the data very well. The value of 

Pseudo-R2 was very low with 0.007 and the Likelihood Ratio test was indeed significant 

but not highly significant. This means that there were probably other variables, not 

included in the model, affecting the hand movement.   

Type of sign and gender did not have an effect on jumping and running in Zone A. 

Only group type was associated with jumping and running, with ‘couples’ being less likely 

to jump or run compared to ‘families’ and ‘other groups’. Especially for ‘children’ the 

percentage of jumping and running was very high with 18.5% compared to the mean of all 

visitors of 1.9%, explaining the higher rate of jumping and running for ‘families’. These 

results mean that signage had no influence on the movement behaviour in Zone A, contrary 

to the hypothesis that information has an effect on the visitor’s behaviour.    

The behaviour of leaving the path is influenced by type of sign, gender and the 

interaction between type of sign and group type. Male visitors left the path almost two 

times more often than female visitors. Visitors in the control group without signs were 

more likely to leave the path in comparison to the setups with signs showing that signage 

reduced the behaviour of leaving the path. There was no significant difference in 

compliance between the two types of signs indicating that the type of information was not 

relevant in regards to the behaviour of leaving the path. ‘Couples’ and ‘families’ were 

more likely to change their behaviour from the control to the teleological setup compared 

to ‘other groups’ indicating that the teleological signs affected the behaviour of ‘couples’ 

and ‘families’ more than the behaviour of ‘other groups’. This shows that teleological signs 

were the most effective, for both ‘couples’ and ‘families’ when it comes to decreasing the 

amount of visitors leaving the path. 

On the whole, signage had a positive effect on the behaviour in Zone A, except for 

compliance regarding jumping and running. However, the effect was also dependent on the 

type of sign and group type. Gender only had an influence on the compliance rate when it 

came to the compliance of not leaving the path. 

 

5.2.2 Zone B 

Except for pointing, the average rate of undesired behaviour for all visitors was low 

ranging from 1.2% for ‘other behaviour’ to 5.2% for ‘running’ (Table 17). The high rate of 

pointing, with the mean of 37.7% for all visitors may be explained by people’s desire to 



 

show the seals to other people in their group. That might explain why ‘singles’ did not 

show any of the tested behaviour, therefore complying completely with the signs.  

The hand movement in Zone B was only found to be affected by group type. Neither 

type of sign nor gender were significant. It has to be mentioned though, that there was no 

significant difference between ‘couples’, ‘families’ and ‘other groups’ when it comes to 

hand movement. The fact that group type was still predicted to have an effect on hand 

movement, is probably due to ‘singles’ not waving or pointing at all and therefore causing 

a great difference to the other group types. In general, the model did not fit well with the 

data which is indicated by the low Pseudo-R2. The fact that the likelihood ratio test was 

highly significant is probably because of the ‘singles’ as well.  

In regards to jumping and running, group type was highly influential. ‘Families’ 

were more likely to jump or run compared to ‘other groups’ and ‘couples’. This fits with 

the data showing that children jump and run the most in comparison to other age groups. 

The significant difference between the control and teleological setup when it comes to the 

compliance with the recommendation not to jump or run, indicates that the teleological 

sign influences the visitor’s behaviour in a positive way, but overall type of sign did not 

affect that guideline significantly. This might be because of the effect of group type with 

‘singles’ and ‘families’ having such a different behaviour and therefore affecting the tested 

behaviour more than signage. Nevertheless, the data demonstrates that the type of sign had 

an effect as well and thus it was kept in the model.  

Compliance regarding shouting was predicted by type of sign and group type. 

Visitors in the control group were more likely to shout than visitors in the deontological 

and teleological setup indicating that signage had a positive effect on visitors in terms of 

the behaviour shouting. The fact that there was no significant difference between the 

deontological and teleological signs showed that the type of information did not influence 

the behaviour. ‘Couples’ shouted the least compared to ‘other groups’ and ‘families’, and 

‘families’ shouted the most. The high proportion of ‘families’ shouting was due to almost 

one third of children shouting in Zone B. Generally speaking, signage influenced the 

visitor’s compliance with the behavioural recommendations in a positive way in Zone B, 

but group type highly affected the behaviour as well.  

Several observations cannot be included in a model. One important observation was 

that, when signage was present, visitors told other visitors to behave correctly. That 

happened mostly within families with parents telling the children how to behave, based on 
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the information on the signs, but it also occurred within other group types. Rarely, visitors 

told other visitors, not belonging to their own group, how to behave if their behaviour was 

different to that advised on the signs. This kind of interaction between visitors was never 

observed during the control setup when no signs were in place. This demonstrates that after 

receiving information, some of the visitors were aware of their potential impact, were 

eager to follow the guidelines and wanted other visitors to follow them as well. When 

visitors were telling other visitors how to behave, it implies that those visitors had already 

shown undesirable behaviour and were therefore recorded in this study as not complying 

with the signs. So, even if the advice on how to behave given by other visitors resulted in 

changing the behaviour as a consequence, this is not reflected in the model.  

 

5.3 Comparison between Zones 

When investigating the general behaviour, the proportion of passive behaviour was 

higher in Zone B, whereas the compliance with behavioural recommendations was lower 

in Zone B compared to Zone A. This seems like a contradiction at first but, with a closer 

look, this makes sense. Zone A is the approaching zone before reaching Zone B, where the 

seals can be observed, and therefore visitors are eager to arrive in Zone B or are less 

considerate in Zone A since they cannot see the seals. The high increase of passive 

behaviour in Zone B is probably due to visitors standing or sitting still to watch the seals 

rather than walking around. The figures in Table 22 support this assumption as well; when 

only hand movement and voice level are included for the general behaviour, passive 

behaviour increases largely for Zone A. The proportion of visitors behaving passively is 

still lower in Zone A than in Zone B, showing that most of the visitors use calmer 

behaviour when they can see the seals. The higher proportion of observed undesirable 

behaviour in Zone B is especially due to visitors staying longer in this zone. Visitors walk 

through Zone A within one or two minutes, whereas the average stay in Zone B is 17.3 

minutes. In addition, the highest increase of the observed behaviour between Zone A and 

Zone B was in regards to pointing and waving. Visitors pointed in order to show the seals 

to other people, which was naturally happening the most in Zone B where they were 

watching the seals.  

As seen in Table 26, signage had an effect on the overall general behaviour and on 

the compliance rate with the guidelines presented on the signs. However, this is not the 



 

only variable having an influence on the behaviour and compliance rate of the visitors. 

Group type also played an important role when it came to behaviour and compliance rate 

of the visitors. For the general behaviour and leaving the path in Zone A, the effect of 

signage was dependent on group type; i.e., the rate of change of behaviour between the 

three setups was not equal within the different types of group. Nevertheless, it is not 

possible to make a generalisation which group type was more likely to change the 

behaviour depending on information since this was not consistent but rather dependent on 

the type of behaviour that was investigated. In this study, gender was only important when 

it came to leaving the path, in combination with type of sign. Thus, it can be concluded that 

gender plays a negligible role in regards of affecting the compliance rate with the 

recommendations on the signs. It is also evident that the variables influencing the same 

behaviour differ between the zones; no behaviour is predicted by the exact same 

combination of variables between Zone A and Zone B (Table 26).  

Overall, interpretive information provided by signs had a positive influence on 

modifying visitor’s behaviour compared to the control group. Jacobs and Harms (2014) 

found similar results in regards to visitor’s conservation intentions. They tested three 

different interpretation messages; factual, responsible and emotional messages, in terms of 

their effectiveness to increase visitor’s conservation intentions during whale watching 

tours. All types of different interpretations were more effective compared to the control 

group not receiving any interpretation. This shows that interpretation can be effective to 

modify visitor’s behaviour or conservation intentions. 

 

Table 26: Summary of predictor variables for tested behaviour and whether there is a 
difference between types of signs 

 

 

 

Off-path Shouting

Zone A Zone B Zone A Zone B Zone A Zone B Zone A Zone B

Predictors Type of Sign Type of Sign Type of Sign Group Type Group Type Type of Sign Type of Sign Type of Sign

Interaction of Group Type Group Type Interaction of Group Type

Group Type & Groupe Type &

Type of Sign Type of Sign

Gender

Difference of

Type of Signs

General Behaviour

No Yes Yes - No No No

Hand Movement Movement

-
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5.4 Reading Signs 

Acevedo-Gutiérrez et al. (2011) recorded in their study on effectiveness of signs 

regarding compliance with approaching distance to fur seals, how many visitors saw an 

interpretive sign. In their study around 35% of the visitors did not see the sign, which is in 

the same range as in this study. Nevertheless, it is not clear whether visitors overlooked the 

signs or whether they ignored them. In our study it was impossible to not notice the first 

sign as it was placed right next to the path on which the visitors were walking.  

The teleological sign attracted more visitors than the deontological sign with a significantly 

higher amount of visitors stopping at the teleological sign and 15% less visitors not looking 

at the sign at all. ‘Couples’ read the signs the most often, and ‘other groups’ the least often 

compared to the different types of group. The lower rate of ‘other groups’ not reading the 

signs might be because of larger groups, such as bus groups, arriving at the same time at 

the sign and therefore not everyone being able to read at once. Ross and Gillespie (2008) 

tracked visitors through a zoo exhibition and found out that groups without children spent 

more time on looking at signage than groups with children. This matches our results that 

‘couples’ looked at the signs more often than ‘families’. When looking at the combination 

of group type and type of sign, it is clear that the teleological sign attracts more visitors to 

read it throughout every group type, but the largest difference was found in ‘families’ who 

stopped three times more often at the teleological sign in comparison to the deontological 

one.   

Due to the higher proportion of visitors reading the signs, it could be expected that 

the teleological signs would have a greater effect on the behaviour than deontological 

signs. This was not always the case. Additionally, in the cases when teleological signs 

were more effective, it is not clear whether it was because of the higher rate of reading the 

sign or merely because of the different type of information. The influence of teleological 

signs on the behaviour of ‘families’ compared to deontological signs would have been 

expected to be higher as well.  

The choice made by visitors to only have a brief look at the sign is hard to interpret. 

It is possible to have read the deontological sign in less than three seconds, but this is not 

possible for the teleological sign. However, it might have been possible to understand the 

key words since they were highlighted in blue and thus obtain the key information. Having 

a brief look at the signs can also mean that visitors were attracted to the sign but lost 

interest when looking at it more closely. This could be for different reasons; for example, 



 

because the sign was not interesting enough or the visitors could not understand English. 

Furthermore, it has to be pointed out that the data was only gathered during four days for 

each type of sign. For a better understanding of visitors reading the signs, data must be 

collected over a larger period of time. In addition, only the first sign was used to test 

whether visitors read the signs, meaning that the proportion of visitors reading the 

following signs is unknown. The following signs specified how to behave around the seals 

in more detail. This could be another reason why compliance rate and proportion of 

visitors reading the sign do not match perfectly. The sign on the shed for example was 

often not seen by visitors, at least not when they first arrived at Zone B. 

The data from this study does not tell us whether visitors understood the signs and 

gained some knowledge. Therefore, a survey would be helpful to find out why people do 

or do not read the sign, what knowledge they gain and why they are attracted to the sign or 

not.  

 

5.5 Management Implications 

In general, it can be deduced that signage is effective when it comes to modifying 

visitor’s behaviour but it is not the sole factor. In some cases in this study when signage 

had an influence on the behaviour, teleological signs were more effective than 

deontological signs. Nevertheless, deontological information was never more effective 

than teleological information on the whole. It was one time more effective, but only on the 

group type level for ‘couples’ and not overall. Therefore, this study recommends providing 

visitors with teleological information for signage because it at least has the same effect as 

the deontological signs. In addition, the teleological sings were read more often than the 

deontological ones. Furthermore, visitors like to have information during their wildlife 

experience, and often expect to be provided with some information (Lück, 2007). This 

means that giving information on the seals and their ecology, and not only telling the 

visitors how to behave correctly, could fulfil the visitor’s expectations and thereby increase 

the satisfaction with their experience (Lück, 2007). 

The study demonstrated that around one third to half of the visitors, depending on the 

type of sign, did not read the signs at all. For those reasons, it is crucial to improve the 

signs in order to gain more interest in visitors looking at the signs and to make them more 

effective. In this study, we refrained from using illustrations due to reasons of 
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comparability of the different type of signs but illustrations are important to attract visitors 

and gain their interest (Moscardo et al., 2004). Illustrations should be easy to understand 

without requiring any further explanation and they should have a connection to the text on 

the sign (Moscardo et al., 2004). In addition, illustrations are a useful tool for visitors who 

do not understand the text, either because they are not able to read; i.e., young children, or 

because they do not understand the language on the sign. Thus, adding illustrations to the 

signs is highly recommended, especially since they address families in particular because it 

is very probable that the children are not able to read or understand the language. The signs 

for this study were only written in one language, English, to avoid very long and 

potentially confusing text. In an international context, such as wildlife tourism, it is 

advisable to have messages in several languages to make them understandable to the 

highest possible number of visitors. Therefore, the messages should be at least in the 

language native to the location and English, preferably also in the languages of the most 

frequent visitors. For Illugastaðir, this means that future signs should be offered in 

Icelandic and English; possibly also in German and French because that is the native 

language of the majority of the visitors coming to the region (Nilsson, 2012).  

Several studies have shown that in order to gain and keep the interest of the visitor, 

new and surprising facts are essential (McCool & Braithwaite, 1992; Moscardo et al., 

2004). Ballantyne and Hughes (2006) emphasise that effective signage addresses common 

misconceptions and is based on visitor’s beliefs. This implies that a lot of information 

about the visitors is needed, such as stage of knowledge, their background and 

expectations, in order to be able to design effective signage. Before implementing signs, 

surveys among the visitors; for this case at the site or in the Icelandic Seal Centre, would 

be an appropriate tool to find out this kind of information.  

Additionally, it is important to connect the wildlife encounter and the given 

information with the visitor’s personal life (Moscardo et al., 2004). Another thing that 

could be included on the signs is practical information about how to protect wildlife, take 

home messages and comparisons between wildlife and humans to make a connection to the 

visitor and thereby increase understanding of the information (Ballantyne, Packer & 

Sutherland, 2011; Moscardo et al., 2004). As an example for this study, when explaining to 

visitors that seals come on land to rest, the following question could be asked: “Would you 

like it to be disturbed during your nap?” Furthermore, it could be emphasised that this site 

is the seals’ habitat; i.e., it is their ‘home’ and visitors are the guests in this case and 



 

therefore should be considerate. This idea builds on the ‘Belonging in Nature Principle’ as 

formulated in Burns et al. (2011), which recognises that the wildlife belongs “in and with 

nature, and that people are the visitors in the wildlife tourism setting” (p. 9). This 

anthropomorphisation (i.e., describing animals with human attributes) of wildlife was the 

most effective message in the study conducted by Jacob and Harms (2014) compared to 

two other kinds of messages since it made a link between the visitors and the wildlife.  

Another important factor for the effectiveness of a sign is to address the visitor’s 

emotions (Jacobs & Harms, 2014) and to emphasize the concern for the wildlife 

(Ballantyne et al., 2009). When it comes to designing the signs and deciding on the 

content, it is important to involve stakeholders, such as tourism operators, the local 

community and visitors (Cole, 2007). Stakeholders are important for collecting ideas of 

relevant issues, and for the support of management strategies and their monitoring (see 

Figure 1). Furthermore, the involvement of stakeholders enhances the collaboration and 

support for implemented management actions, such as having signs or a code of conduct 

(Cole, 2007).  

Even though signage can be an effective management tool to decrease disturbance on 

wildlife, it should not be the only measurement taken and should be a part of a larger 

management plan (Davis, 1995; Moscardo et al., 2004; Newsome & Rodger, 2007). In this 

study, signage was effective to change visitor’s behaviour in a positive way, but not in all 

cases and group type also plays an important role regarding visitor’s behaviour. It is not 

clear whether the reduction of disturbing behaviour is sufficient enough to reduce the 

negative effects on the seals and therefore other management actions should be undertaken. 

First of all, the TWN code of conduct should be promoted more since the signs are based 

on this code. However, it is not possible to include everything on the signs and the code of 

conduct is more detailed and gives more explanation since. Mason and Mowforth (1996) 

emphasise that codes of conduct must be advertised to be effective. One first step could be 

to give out leaflets with the code of conduct to the visitors in the Icelandic Seal Center 

(which is also the tourist information centre for the region) because some of the visitors 

come first to the Icelandic Seal Center before going to Illugastaðir. At the site itself, a box 

could be installed with leaflets or brochures inside, so visitors can take and read them. This 

could be installed at the parking spot at the path leading to the site in order to make sure 

that people will notice it. One disadvantage of having leaflets or brochures at the site is the 

potential creation of litter. 
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Another measurement to improve visitor’s behaviour is offering guided tours, in this 

case at the Icelandic Seal Center and at Illugastaðir directly. Some authors argue that direct 

interpretation, such as having a guide, is more effective than indirect interpretation like 

signs (Manning, 2003; Moscardo et al, 2004). No matter whether guides are more effective 

than signs, there are some explicit advantages: a guide can interact with visitors; answer 

questions and is more flexible to the needs and interest of the visitors (Rabotic, 2010). A 

guide can also correct the visitor’s behaviour directly at the site (Curtin, 2010; Kirkwood, 

2003; Moscardo et al., 2004; Reynolds and Braithwaite, 2001). Even though it had not 

been specifically tested in this study, Granquist and Sigurjonsdottir (2014) found that 

larger groups caused more negative impacts on the seals at Illugastaðir. Other studies 

confirm that larger groups affect seals more than smaller groups (Boren et al., 2008; 

Cassini et al., 2004) Therefore, it would be important to instruct tour guides about how to 

behave around the seals so they can pass on this information to their customers and correct 

undesired behaviour at the site. For this case, tour guides could also be informed about the 

code of conduct and they could distribute it before arriving at the site. This would further 

enhance the promotion of the code of conduct. When using guides it is important that they 

are well educated and know how to deliver the important messages, because not every 

message delivered will be kept in mind by the visitors as demonstrated in a study by 

Armstrong and Weiler (2002). In the worst case, an uneducated guide might have adverse 

effects on visitor’s behaviour around wildlife. 

As mentioned before, it is important to make a connection between the interpretation 

and the visitor to increase the effectiveness of interpretation. One possibility to make this 

link is through active visitor involvement. Moscardo et al. (2004) gives an example about 

Chicago’s Brookfield Zoo where visitors were invited to leave a note about what they can 

do in the future to enhance conservation of the visited species on a notice board. In doing 

so, visitors were not only encouraged to think about their possible actions, but they could 

also see other visitor’s ideas. Similar things can be done at other wildlife sites, for example 

through guest books. At Illugastaðir, there is already a guestbook placed in the shed, so 

visitors could just be asked to mention what they learned or what they want to do in the 

future to protect seals or wildlife. A notice board could also be installed on the wall in the 

shed to make those ideas visible to other visitors. In that way, visitors can reflect on their 

own actions and what they learned during that experience. Active involvement can further 

be reached via media, such as the internet. Online guest books or specific websites for the 



 

visitors would provide an opportunity to write about their experience and give feedback or 

ideas for improvement. An advantage is that this would be possible to do after having left 

the site. Ballantyne and Packer (2011) recommend the use of the internet, including social 

networks to keep contact with visitors after their visit. Active involvement is especially 

important because reflections of the experience enhances both short-term and long-term 

learning (Ballantyne, Packer & Falk, 2011). 

It is essential to determine the site’s carrying capacity; i.e., assessing the amount of 

visitors that can access the site without harm to wildlife and nature. This is particularly 

important with growing number of visitors, especially in regards to bus tours. The increase 

of visitors at Illugastaðir is very likely due to growing numbers of tourists coming to 

Iceland (Icelandic Tourist Board, 2014). Depending on the site’s carrying capacity, a 

restriction on number of visitors entering the site at the same time might be necessary. 

However, as Burns and Howard (2003) point out, restriction of visitor numbers can cause 

resistance since this limits the freedom of access. Even though tour operators or visitors 

might not support that action directly, it would be in their interest in the long run. Visitors 

coming to Iceland wish to avoid mass tourism (Icelandic Tourist Board, 2014) and less 

disturbed animals ensure a more authentic wildlife watching experience which is an 

essential factor for visitors in regards to wildlife tourism (Curtin, 2010; Reynolds & 

Braithwaite, 2001). As already mentioned, the carrying capacity is not fixed and can 

change over time depending on different factors, such as visitor’s behaviour (Saveriades, 

2000). Hence, with increasing low-impact behaviour, the carrying capacity might increase 

as well and fewer restrictions would be necessary. Additionally, the seals, and wildlife in 

general, might become habituated to the visitors’ presence due to low-impact behaviour, 

which might further increase the carrying capacity. 

It has to be pointed out that in this study the overall behaviour of the visitors at 

Illugastaðir was already quite appropriate for seal watching. Visitors coming to the North 

of Iceland are well educated on average (Nilsson, 2012). Hence, it might be possible that 

they have some prior knowledge on wildlife or experience with wildlife encounters and 

therefore know how to behave around the seals. Even though children and teenagers had 

the most active behaviour and often complied the least with the regulations, it has to be 

considered that the proportion of children (5.4%) and teenagers (7.5%) was quite low 

compared to the number of observed visitors and therefore the overall effect on the seals 

might be low. Another factor for minimising the undesired behaviour of the visitors might 
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be the shed. As seen from the results, visitors like to spend time in the shed, probably 

because of the binoculars provided in there. Getting closer to the wildlife is often one 

request of visitors regarding wildlife encounters and a factor influencing the overall 

satisfaction with this experience (Ballantyne, Packer & Sutherland, 2011). Even though it 

is not possible to get physically closer to the seals on the skerries at Illugastaðir, the 

binoculars provide a way to watch them more closely. The shed also has appeal as a place 

from which to watch the seals because it provides shelter during bad weather for the 

visitors.  

Furthermore, the seals at Illugastaðir are already quite protected due to the natural 

settings; i.e. the skerries provide some distance between the visitors and the seals 

(Granquist & Sigurjonsdottir, 2014). It is not possible for visitors on land to reach the 

seals. This reduces the main problems that are of most concern in seal watching: visitors 

approaching the seals too closely and touching the animals (Newsome & Rodger, 2007; 

Orsini et al., 2006) which might induce the seals to flee into the water. During the 

observations in this study, the seals never flushed into the water because of land-based seal 

watching visitors; they fled into the water only one time due to a kayak passing the 

skerries. Furthermore, the harbour seals at Illugastaðir are protected during their time of 

birth and most of their breeding time (Granquist & Sigurjonsdottir, 2014; Härkönen & 

Heide-Jørgensen, 1990) due to the closure of the site from 20th May to 20th June. Because 

of those given conditions it was not possible to test that many types of different visitor 

behaviour; especially to test the effectiveness of signage for the typically most disturbing 

impacts. Acevedo-Gutiérrez et al. (2011) found out that signage is not effective to change 

the approaching distance to fur seals in New Zealand. Therefore, for future research, 

testing the same method in other places where the seals or other wildlife are not as 

naturally well protected, is recommended. 

Finally, all possible management strategies have to be assessed in terms of their 

effectiveness and how to implement them in the best way. Additionally, implemented 

measures have to be monitored in order to find out what changes the behaviour and 

minimises the impact on the seals in the long-term. Table 27 summarizes the 

recommendations regarding designing signs, other management tools and possible future 

research.  

 

 



 

Table 27: Summary of recommendations regarding designing signs, other management 
tools and possible future research. 

 Recommendations 

Designing Signs - provide visitors with teleological information  

- signs should especially address families because they show the most 

intrusive behaviour 

- use of illustrations on signs 

- offer the information in several languages 

- add practical information about how to protect wildlife, take home 

messages and comparisons between wildlife and humans 

- address visitor’s emotions and concern for wildlife 

- involve stakeholders, e.g. tourism operators, local communities and 

visitors, for designing signs 

Other Management 

Tools 

- promoting code of conduct 

- give out leaflets at the tourist information (Icelandic Seal Center) 

- box with brochures/leaflets at the wildlife site itself 

- offer guided tours 

- instruct tour guides from bus tours how to behave around wildlife, so 

they can pass this information to their customers 

- active visitor involvement, e.g. through (online) guestbooks to give 

visitors the opportunity to give feedback  

- determine carrying capacity of the wildlife site and depending on 

results restriction of visitor numbers 

Future Research  - test the study’s method in other places with other species and 

different settings 

- inclusion of other variables, such as weather data and group size  

- survey visitors to find out their stage of knowledge, background and 

expectations in order to design effective signage and address common 

misconceptions 

- survey among visitors regarding reading the signs to find out what 

knowledge they gained and why they are attracted/not attracted to 

the signs 

- evaluation and monitoring of implemented measures 

 

 

5.6 Strengths and Limitations of the Study 

The study was carried out as a field-experiment. In contrast to a laboratory 

experiment, it is not possible to control all potential confounding variables and to assign 

participants randomly to a treatment group. The advantages of a field-experiment 

compared to a laboratory experiment are that participants, in this case the visitors, are not 

aware of being part of a study and therefore behave in a natural manner (Jacobs & Harms, 

2014). In this study, the effect of weather and group size was not assessed, though it might 

be a confounding variable. However, in order to get as similar conditions as possible for 
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the control, deontological and teleological setups, they were rotated every five days. 

Nevertheless, as described in chapter four, the distribution of group type was not even 

between the control, deontological and teleological setup. The proportion of ‘families’ was 

higher for the deontological and teleological setup, compared to the control group, and this 

might have affected the results since ‘families’ showed more active behaviour and 

complied less with the signs than other group types.  

For future research, weather data and group size should be incorporated into the 

analysis. Another possibility to reduce the potential effect of the weather conditions on the 

dependent variable, without including weather data in the analysis explicitly, is to group 

matching weather data as done in Jacob and Harms (2014). This method reduces the 

sample sizes because only participants with similar weather conditions can be analysed 

together and it is likely that it will not be possible to use all the data, in case the data 

cannot be matched. Therefore, this method would not have suited for this study, because it 

is necessary to collect more data. The strength of this field study is that since it is not 

happening in a laboratory, but in a natural setting, the results can directly be applied to the 

seal watching site at Illugastaðir and other wildlife sites in general. There are no 

restrictions concerning having a different environment and visitors knowing that they are 

participating in a study and hence this methodology contributes to the ecological validity 

(Jacobs & Harms, 2014). Therefore, specific management strategies can be recommended 

and applied for the future.   

Only one observer recorded all the visitor’s behaviour and this can be both an 

advantage and a disadvantage in the study. A different observer might estimate the visitor’s 

behaviour in a slightly different way. This potential bias plays a greater role for the general 

behaviour than for the compliance with the signs, since for the compliance, more precise 

activities, such as pointing, were recorded. Additionally, the behaviour assessment was 

clearly defined and the pilot study was used as training. On the other hand, with only one 

observer, there is no problem with checking the validity of observations between different 

observers.  

Even though other places might be better suited for testing more behaviour patterns, for 

example approaching distance to wildlife, this study site was well suited for a first study. 

Although the data collection happened only over two months, a large data set could be 

gathered in that short amount of time. In contrast to previous studies, this study tested 

direct effects on visitor’s behaviour due to provided information, while up to this point 



 

mostly intentions for behavioural change among visitors has been used as an indicator for 

the effectiveness of interpretation tools (Ballantyne & Hughes, 2006; Jacobs & Harms, 

2014). Furthermore, Hughes (2013) showed that intentions of behavioural change might 

not necessarily result in change of behaviour. Therefore, this study can make a statement 

about the actual change in visitor’s behaviour. 
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6 Conclusion  

The study conducted at the seal watching site at Illugastaðir has shown that signage 

is an effective tool to modify visitor‘s behaviour. The compliance with guidelines 

increased compared to the control group, except for the guidelines not to jump or run in 

Zone A and pointing or waving in Zone B. In most cases, the effect of deontological and 

teleological signs on visitor‘s behaviour was the same. Teleological information was only 

more effective for pointing and waving in Zone A and general behaviour in Zone B. 

Deontological signs were only more effective than teleological signs for couples in regards 

to behaving passively in Zone A.   

Nevertheless, the visitor‘s behaviour also depends on group type and age. Jumping 

and running in Zone A and pointing and waving in Zone B was only influenced by group 

type. Most of the times, families showed the most intrusive behaviour which can be mainly 

explained by the children‘s low compliance with the guidelines. In this study, gender was 

not relevant when it comes to the visitor‘s behaviour and the effectiveness of signage on 

the likelihood to change visitor‘s behaviour. Regarding general behaviour and leaving the 

path in Zone A, the effectivess of signage was dependant on group type, but there was no 

consistency which makes it hard to generalise those results.  

The data on visitors reading the signs showed that over a third of all visitors did not 

look at the signs at all. Telelogical signs attracted visitor attention more than deontological 

signs. ‘Families‘ and ‘other groups‘ ignored the signs more often than ‘couples‘ or 

‘singles‘. However, the increase of visitor numbers from not looking at the sign to stopping 

at the sign was highest for ‘families‘ regarding the teleological signs. 

Since group type plays a very important role when it comes to predicting behaviour, 

future signage and other management strategies should address all the different group 

types, in particular families since they showed the most intrusive behaviour and complied 

the least with the signs overall. It is crucial to implement management tools other than 

signage to decrease the disturbance on wildlife due to visitor‘s behaviour. Since signage is 

a voluntary measurement, it relies on the compliance of visitors which is a great 

disadvanatage of signs. Having guides on-site might increase compliance with the 

guidelines and increase visitor‘s satisfaction with their wildlife experience.  

Future research is recommended in order to strengthen the findings of this study and 

to gain more knowledge of the effectiveness of signage or other interpretation tools in 



 

regards to modifying visitor‘s behaviour. Research on the background, knowledge and 

expectations of visitors is especially recommended since those factors are essential in order 

to create an effective management strategy to reduce disturbance on wildife. Additionally, 

it is important to test this method in other places where the widlife is not as protected as at 

Illugastaðir to find out whether signage is also effective to modify other intrusive 

behaviour patterns, such as approaching and touching wildlife. If wildlife tourism is 

managed in the right way, the impacts on the wildlife are minimised and the visitor‘s 

experience maximised in a way that “the needs of tourists and the needs of wildlife are not 

necessarily in conflict” (Ballantyne et al., 2009, p. 664). Harmony between visitors and 

wildlife should be the ultimate goal for research and management plans in wildlife tourism. 
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Appendix A 

A1. Data sheet for recording observations 

 



 

A2. Pictures of second and third sign 

A2.1. Sign 2 with (a) deontological and (b) telelogical information 

 

 

A2.2. Sign 3 with (a) deontological and (b) telelogical information 

 
a b 

a b 
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Appendix B 

B.1. R-Scripts for regression analysis 

B1.1. Example of ordinal clm model for general behaviour in Zone A 

# ‘approach’ refers to type of sign 
# ‘type’ refers to group type 
# ‘y’ refers to dependent variable; i.e., in that case general behaviour in Zone A 
 
#### Packages used 
library("VGAM", lib.loc="~/R/win-library/3.1") 
library("pscl", lib.loc="~/R/win-library/3.1") 
library("ordinal", lib.loc="~/R/win-library/3.1") 
library("rms", lib.loc="~/R/win-library/3.1") 
library("aod", lib.loc="~/R/win-library/3.1") 
 
## Get fitted model  
## Test on Proportional Odds Assumption  (Agresti, 2011) 
 
fit1 <- vglm(y ~ newdata1$approach*newdata1$gender*newdata1$type, 
             family=cumulative(parallel=TRUE), maxit=50) 
fit2 <- vglm(y ~ newdata1$approach*newdata1$gender*newdata1$type, 
             family=cumulative, maxit=50) 
pchisq(deviance(fit1)-deviance(fit2), 
       df=df.residual(fit1)-df.residual(fit2), lower.tail=FALSE) 
 
 
## Logit Model Saturated Model ## 
model1 <- clm (y ~ approach*gender*type, data = newdata1) 
 
## Check Multicollinearity 
model1.1 <- clm (y ~ approach+gender+type, data = newdata1) 
vif (model1.1) #range from 1.7 - 6.4 
 
## Null model ## 
model0 <- clm(y ~ 1, data = newdata1) 
 
# model selection: stepwise 
step(model1, test ="Chisq") 
 
## Final Model according to stepwise model selection## 
newmodel <- clm (y ~ approach*type, data = newdata1)  
summary (newmodel) 
 
## Test on Proportional Odds Assumption  for newmodel 
fit3 <- vglm(y ~ approach*type, 
             family=cumulative(parallel=TRUE), maxit=50) 



 

fit4 <- vglm(y ~ approach*type, 
             family=cumulative, maxit=50) 
pchisq(deviance(fit3)-deviance(fit4), 
       df=df.residual(fit3)-df.residual(fit4), lower.tail=FALSE) 
 
## odds ratios and 95% CI  
OR_ci <- exp(cbind(OR = coef(newmodel), confint.default(newmodel))) 
print (OR_ci) 
 
## McFadden R2 for final model 
McF.pR2 <- 1 - newmodel$logLik/model0$logLik  
 
## Models to compare ## 
model1 <- clm (y ~ approach + type, data = newdata1) #same model as final model 
                                                                                          without interactions 
 
## Goodness of Fit: Likelihood Ratio Test 
anova(model0, newmodel) ##significantly different 
anova(model1, newmodel) ##significantly different 
 
## Multicollinearity 
vif (newmodel)  
 
### Testing for differences between levels ### 
## deontological versus teleological 
l <- cbind(0, 1, -1, 0,0,0,0,0,0) 
wald.test(b = coef(newmodel), Sigma = vcov(newmodel), L = l)  
 
## family versus other groups 
l <- cbind(0, 0, 0, 1, -1,0,0,0,0) 
wald.test(b = coef(newmodel), Sigma = vcov(newmodel), L = l)  
 
# interaction ontological family vs other 
l <- cbind(0, 0, 0, 0, 0,1,0,-1,0) 
wald.test(b = coef(newmodel), Sigma = vcov(newmodel), L = l) 
 
# interaction teleological family vs other 
l <- cbind(0, 0, 0, 0, 0,0,1,0,-1) 
wald.test(b = coef(newmodel), Sigma = vcov(newmodel), L = l) 
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B1.2 Example of glm model for compliance with the signs for hand 
movement in Zone A 

#### Packages used 
library("rms", lib.loc="~/R/win-library/3.1") 
library("aod", lib.loc="~/R/win-library/3.1") 
 
############### Models ################## 
## use quasibinomial to test for overdispersion 
## model with all possible explanatory variables and without interactions 
model2 <- glm (hand_mov ~ approach + type + gender, 
               family = quasibinomial (logit), data = newdata1) 
summary (model2) ## 0.984 no overdispersion 
 
# saturated model 
model1 <- glm (hand_mov ~ approach + type + gender, 
               family = binomial (logit), data = newdata1) 
 
## Multicollinearity 
vif (model1)  
 
# Null model 
model0 <- update(model1, . ~ 1) 
 
#### Model Selection #### 
step (model1, test ="Chisq") # approach + gender, but only approach significant 
 
# Final Model # 
# model with approach and model with approach and gender not signifcantly different,  
# so take easier one with only approach 
final <- glm (hand_mov ~ approach, 
               family = binomial (logit), data = newdata1) 
summary (final) 
 
## odds ratios and 95% CI  
OR_ci <- exp(cbind(OR = coef(final), confint.default(final))) 
print (OR_ci) 
 
## McFadden 
pR2(final) # 0.00729 
 
## Goodness of Fit: Likelihood Ratio Test 
anova(model0, final, test ="Chisq") ##significantly different 
 
### Testing for differences between levels ### 
## ontological versus teleological 
l <- cbind(0, 1, -1) 
wald.test(b = coef(final), Sigma = vcov(final), L = l)  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


