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Preface

This study was conducted as a master thesis research project for the MSc Environmental
Sciences: Environmental Systems Analysis at the Environmental Systems Analysis (ESA)
chair group of Wageningen University. The topic of glacier retreat was chosen out of a
personal interest in mountain ecosystems and the changes such ecosystems are going through
as a result of global warming and climate change. Glaciers are an important element in many
mountain ecosystems and they are under increasing pressure. Ever since I saw and set foot on
a glacier for the first time, back when I was still a little girl, I have been fascinated by
glaciers. Not only are they very beautiful, but also it is hard to grasp as a child how there can
possibly be such large sheets of snow and ice even when it is summer, which made that I saw
them as a natural miracle. Of course, growing older and wiser I learnt a bit more about
glaciers and how they can exist, and sadly also about their vulnerability to climate change.
Seeing comparisons of photos of many years ago and photos of today that show the large
decrease in glacier sizes and hearing of dramatic events such as the collapse of the Trift
Glacier in Switzerland in 2016 can really make me sad. That is how I came to wonder how
other people feel and think about glacier retreat, and decided to use it as a topic for my thesis
research. Through the literature review, I came to refine the topic further to looking at
attitudes of different generations.
I would like to thank my supervisors, Bas Amelung and Jurian Meijering, for their support
throughout this thesis project. Specifically, I would like to thank Bas Amelung for helping me
focus my research and refining my research proposal, and I would like to thank Jurian
Meijering for his great help with the structuring of the data collection and analysis, and the
statistics behind it.
I have enjoyed working on this thesis project and I have met some wonderful people during
the fieldwork in the Chamonix Mont-Blanc Valley, France, who have contributed to making
my stay there an absolute joy.

On a visit to the Mer de Glace, on invitation by some of the
employees who I met in a bar. They kindly allowed me to
see the new ice cave that was still under construction (left
2
picture) as well. Merci beaucoup!
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Summary

Glaciers are melting at an increasing rate as a result of human-induced climate change. Much
research has been and is being conducted about the melting of glaciers but rarely from a
social-science perspective. My research addresses this research gap and aims to assess the
potential of communities living in (hazardous) glacier areas to act upon glacier retreat and its
consequences, by investigating the attitudes toward glacier retreat among different
generations in the Chamonix Mont-Blanc Valley in the French Alps. To this end, I conducted
a cross-sectional study in the Chamonix Mont-Blanc Valley, during which a total of 325
respondents answered to my survey to collect data on the three elements of attitudes (i.e.
affect, behavior and cognition). This data was analyzed with several statistical tests, including
Analyses of Variance and Kruskall-Wallis tests. The results suggest that the element
‘cognition’ indeed differs between generations. Specifically, old people (i.e. aged over 70)
likely perceive less risks related to glacier retreat and less need to act upon glacier retreat than
younger people. However, slight problems occurred with the data distributions and a limited
number of old respondents (i.e. aged over 70). Fortunately, I expended due care and effort to
minimize the impacts of such limitations and constraints. As such, my results do provide
some interesting and useful insights with regards to the difference in cognition of glacier
retreat between generations. Moreover, I developed a research instrument that would be
useful in other attitude studies as well. Local authorities and organizations in mountain
regions can draw on my results when developing awareness-raising campaigns or mobilizing
people to act upon glacier retreat.
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1. Introduction

Glacier retreat has been given increasing attention over the past few decades as a result of
growing visible evidence of the shrinking of glaciers around the world. Specialized
monitoring agencies that report on the mass balances of glaciers have been established, such
as the World Glacier Monitoring Service (WGMS), in order to track the size of glaciers, and
more rigid research on glacier dynamics, largely enabled through technological development,
has been conducted (Orlove, 2009; Orlove, Wiegandt & Luckman, 2008). This has resulted in
a considerable understanding of the ecology and physiology of glaciers, their development
under the pressing burden of global warming, and the consequences of glacier retreat.
1.1 Glacier retreat
As is widely known, glacier retreat is a direct result of a much bigger issue, namely climate
change (Greene, 2005; Lemke et al., 2007; Orlove, 2009). The worldwide rise in global mean
temperatures negatively affects the cryosphere, which consists of all the places on earth where
water is solid in the form of ice or snow (NSIDC, n.d.). Thus, the cryosphere does not only
include the Arctic and Antarctic regions, but also frozen ground (i.e. permafrost), sea ice,
river ice, lake ice, snow, ice caps and glaciers (Lemke et al., 2007; NSIDC, n.d.). Logically,
as temperatures rise, conditions become less favorable for the cryosphere. For glaciers, the
damage done by rising temperatures is twofold. Firstly, rising air temperatures have resulted
in less snow fall in some regions, because of solid precipitation shifting to liquid precipitation
(Nikolova et al., 2013; Serquet et al., 2011). The reduction in snow fall at some latitudes has
resulted in less snow cover and shorter periods of snow cover (Beniston et al., 2018; Durand
et al., 2009; Lemke et al., 2007; Scherrer & Appenzeller, 2006). Consequently, cooling
provided by the snow’s albedo (i.e. reflection of sunlight and, thus, heat) is reduced, which
thaws the glaciers (Beniston et al., 2018; Lemke et al, 2007). Secondly, rising air
temperatures, together with the reduced albedo-effect, have led to increasing melting rates,
especially in summers (Beniston et al., 2018; Ohmura, 2006). The increased rates of melting
and reduced snow fall and snow cover are leading to serious reductions in the mass balances 1
of mountain glaciers, though the pace of glacier retreat differs around the world. For the
glaciers in the European Alps, it has been found that they had already lost fifty percent of
their original volume – 200 squared kilometers in 1850 – by the year 2000 (Zemp et al.,
2006).
The decline in glaciers and its variance around the world is exemplified in Figure 1 below,
which was produced by Lemke et al. (2007) in their research conducted for the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). The left side
of the figure (panel a) shows the reduction of glacier ice in different parts of the world per
unit area, whereas the right side of the figure (panel b) shows how much each region has
contributed to sea level rise. Figure 1 gives a clear depiction of the rapid decline of glaciers

“The mass balance of a glacier is the change in the mass of a glacier, or part of the glacier, over a stated span of
time; the term mass budget is a synonym” (Cogley et al., 2011, p. 61). Glaciers are sensitive to climate change,
showing a rapid response to changing climatic conditions (Kaser et al, 2006; Lemke et al, 2007). As such, the
changes that are observed in the mass balances of glaciers around the world provide an independent indicator of
climate change (Kaser et al., 2006).

1
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around the world and, unfortunately, the pace of glacier retreat has only been accelerating
since 2000 (Orlove, 2009).

Figure 1: Changes in the mass balance of glaciers worldwide – loss of ice (panel a) and contribution to sea
level rise (panel b)
Source: Lemke et al. (2007)

1.2 Consequences of glacier retreat
Glacier retreat has several consequences. As already indicated by Figure 1, glacier retreat
contributes to sea level rise (Lemke, 2007; Meier et al., 2007; Orlove, 2009; Radić & Hock,
2011). As glaciers melt, water that was captured on land in the form of ice flows into the seas
and oceans via rivers, thereby increasing the sea level. The contribution of glacier retreat to
sea level rise has grown over the past decades (Dyurgerov & Meier, 1997; Meier et al., 2007;
Radić & Hock, 2011), and it is projected that the melting of glaciers may cause another 0.1 to
0.25 meter rise in the sea level by the end of this century (Meier et al., 2007; Orlove, 2009).
For low-lying inhabited areas, such as the city of Venice, this presents severe flood risks
(Orlove, 2009).
The contribution to sea level rise is not the only water-related consequence of glacier retreat.
Glaciers play a highly important role in the water balance of many watersheds in mountain
regions (Mark et al., 2015; Vergara et al., 2009), because they store water in winter in the
form of snow and ice, while releasing water in spring and summer as parts of the snow and ice
melt (Haeberli & Hohmann, 2010; Mark et al., 2015). In this way, glaciers provide water
regulation and water supply services, which is why Viviroli et al. (2007) also call glaciers
‘water towers’. As a direct consequence of glacier retreat, the capacity of glaciers to provide
fresh water during relatively dry months, when it is most valuable to the surrounding
populations, is diminishing (Orlove, 2009). Many populations in mountain regions depend on
glaciers as a water resource for fresh drinking water, water for agricultural irrigation,
7

hydroelectricity, recreation, and ecosystem integrity (Beniston et al., 2018; Chevallier et al.,
2011; Huss et al., 2017; Lemke et al., 2007; Orlove, 2009; Vergara et al., 2009). However, not
only mountain communities, but also communities in more distant areas are affected by the
changes in hydrology due to glacier retreat (Beniston et al., 2018; Chevallier et al., 2011;
Huss et al., 2017; Kaser et al., 2010; Orlove, 2009). This is because rivers have their origin in
mountain regions. For those rivers that originate in glaciated mountain areas, the seasonal
meltwater from glaciers is an important water input source besides merely precipitation
(Beniston et al., 2018). Especially many rivers in Europe - such as the Rhine, the Danube, the
Po, and the Rhône – are largely dependent on glacier meltwater (Beniston et al., 2018). There
might be an increase in meltwater for a few years to a few decades due to glacier retreat, but
eventually there will be a tipping point where the water input from glaciers will decrease,
leaving the rivers with less water than is the case now (Orlove, 2009). Naturally, this means
that there is also less water available for populations downstream of such rivers. This, in turn,
may lead to conflict over water between different groups and different uses in the various
parts of a watershed (Haeberli & Hohmann, 2008; Orlove, 2009). Not only is this the case in
Europe, but also in other parts of the world where glaciers are shrinking, such as in the Andes
in South America where it is expected that the discharge of rivers in the dry season could
decrease by 30 percent due to glacier retreat (Baraer et al., 2012) .Thus, well-developed
adaptation measures will be needed to deal with the hydrological consequences of glacier
retreat (Beniston et al., 2018; Haeberli & Hohmann, 2008; Huss et al., 2017; Vergara et al.,
2009).
Another consequence of glacier retreat is the increasing hazard of debris flow (Beniston et al.,
2018; Chiarle et al., 2007; Orlove, 2009). As glaciers melt, the underlying sediment is
exposed. This unvegetated sediment or surface is unconsolidated and highly erodible
(Beniston et al., 2018; Chiarle et al., 2007; Lane et al., 2017). In addition, these exposed
surfaces are often steep, thereby posing a high risk of collapse (Kääb, Reynolds & Haeberli,
2005; Orlove, 2009). If the surface collapses and starts to slide, this can result in highly
devastating debris flows and rockslides (Chiarle et al., 2007; Orlove 2009). The magnitude
and frequency of such debris flows is expected to increase as a result of glacier retreat (IPCC,
2012; Stoffel & Huggel, 2012). Several specific ways in which debris flows and rockslides
can be triggered have been documented, namely: (1) water saturation of surface sediment due
to prolonged rainfall, (2) destabilization of glacier drainage systems due to rainstorms and (3)
outbursts of glacial lakes or melting of buried/ground ice (i.e. permafrost) (Chiarle et al.,
2007). The hazard of debris flows and rockslides is amplified by the chain reactions that often
occur in mountain environments (Beniston et al., 2018; Kääb et al., 2005). A frequently
mentioned example of such a chain reaction is the disturbance of (glacial) lakes by ice or rock
movements, which can be triggered by various causes, setting off dangerous flood waves and
accompanying debris flows (Beniston et al., 2018; Haeberli & Hohmann, 2008; Kääb et al.,
2005). Such hazard combinations can have severe consequences for surrounding communities
and, therefore, well-developed hazard assessment methods are necessary (Kääb et al., 2005).
The above example of a possible chain reaction in mountains brings up another severe
consequence of glacier retreat, namely the increased chances of Glacial Lake Outburst Floods
(GLOFs or jökulhlaups) (Benn et al., 2012; Dussaillant et al., 2010; Orlove, 2009;
Schwanghart et al., 2016). GLOFs are sudden releases of water from glacial lakes (Dussaillant
et al., 2010). Glacial lakes form at the glacier tongues of receding glaciers (Haeberli &
Hohmann, 2008) where the meltwater is held by (end-)moraines (i.e. walls of glacial debris at
8

the (former) edges of a glacier), which is called a moraine-dammed lake (Shijin et al., 2015).
Two other types of glacial lakes are glacier erosion lakes and glacier-dammed lakes (Shijin et
al., 2015). With the melting of glaciers, more meltwater fills into new or existing glacial
lakes, thereby putting pressure on or overflowing the dam. Especially moraine-dammed lakes
are risky, because moraines consist of unconsolidated material and the geometry of these
natural dams is often unstable (Frey et al., 2010; Korup & Tweed, 2007; Richardson &
Reynolds, 2000; Worni et al., 2013). Many disastrous GLOFs have already occurred and the
frequency of GLOFs is expected to increase considerably as a result of glacier retreat
(Haeberli & Hohmann, 2008; Richardson & Reynolds, 2000; Rosenzweig et al., 2007),
thereby posing a threat for mountain communities with regards to personal safety,
infrastructure, agriculture, recreation, and property (Shijin et al., 2015). Therefore, with the
increased probability of GLOFs due to glacial melting, it is necessary to install early warning
systems in glaciated mountain regions to reduce impact (Kääb et al., 2005; Maas et al., 2012).
Further consequences of glacier retreat include the hazard of ice break offs and the potential
for subsequent avalanches (Kääb et al., 2005), the impacts on ecosystem and habitat integrity
and the balance between ecosystems (e.g. Haeberli & Hohmann, 2008; Peter & Sommaruga,
2016; Watson & Haeberli, 2004), and the negative cultural and economic effects due to a loss
of aesthetic, touristic and recreational value of the landscape in high mountain areas (Haeberli
& Hohmann, 2008; Orlove, 2009).
1.3 Adaptation efforts
Several adaptation efforts have been developed in order to deal with the consequences and
risks of glacier retreat. For instance, more and more hazard assessment methods are used to
detect hazards in glacier areas, thereby allowing for preventive measures to be taken. Such
modern hazard assessment methods include both space-born and air-born remote sensing, the
modelling of terrain (including water and ice) changes and movements using geographic
information systems (GISs), and the development of numerical simulation and process models
by combining remote sensing data with data obtained through ground-based geophysical
investigations (Kääb et al., 2005). Hazard mapping is effectively used by Swiss authorities in
communal and cantonal planning, thereby increasing safety of the population in the face of
the melting of glaciers and permafrost (Orlove, 2009). Another example is the early warning
system and the pumps that have been installed at the Tête-Rousse Glacier in the French Alps.
In 1982, there was a devastating GLOF that resulted in severe damage and many casualties.
Since glaciologists discovered more water pockets in the glacier, it has been subject to strict
monitoring and activities (e.g. pumping) to prevent another such high-impact flood (Gilbert et
al., 2012).
Furthermore, many resorts in mountain tourist destinations are attempting several adaptation
efforts, such as protecting glaciers by covering them with cloth during the summer, moving
upslope, offering other recreational activities that do not depend on the presence of snow and
ice, producing fake snow, moving snow from high to lower elevations, and promoting the use
of public transport and carbon offsets (Orlove, 2009). However, these adaptation efforts are
only small-scale and will contribute little to aiding the problem of glacier retreat and reducing
greenhouse emissions (Orlove, 2009).
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Although adaptation efforts are being attempted, they remain difficult and, indeed, not much
action has yet been achieved to limit glacier retreat, both globally and locally (Brugger et al.,
2014; Orlove, 2009). Glacier retreat is a wicked problem (i.e. complex, approachable from
multiple dimensions, and valuation of risks and measures is difficult). Moreover, determining
who should take responsibility for adaptation efforts and finding the means to effectively
adapt is challenging (Orlove, 2009). All this makes adaptation difficult. As contended by
some (e.g. Orlove, 2009; Watson & Haeberli, 2004), the only way to progress further with
adaptation efforts is by taking an integrated approach in which various actors at different
levels cooperate, thereby sharing responsibility, knowledge, and other resources, possibly in
the form of “innovative public-private partnerships ... at the local, national, and international
level” (Watson & Haeberli, 2004, p. 2).
1.4 Society and glacier retreat
Although little social research in the field of glaciology has been done yet, some insights as to
the relationship between local societies in high-mountain regions and glacier retreat have been
obtained. For instance, Gagné et al. (2014) found that glaciers can play a crucial role in the
shared identity of a mountain community due to the prominent role that glaciers have often
played in a region’s historical development. As such, glaciers are often culturally embedded
in high-mountain societies and have frequently given rise to certain ethno-religious traditions
(Huggel, Haeberli & Kääb, 2008). Moreover, in recent decades glaciers have become a
primary source of income for high-mountain communities through the commercial
exploitation of glaciers in the forms of tourism, recreation and (extreme) mountain sports
(Haeberli & Hohmann, 2008; Huggel, Haeberli & Kääb, 2008; Orlove, 2009). In addition,
besides such cultural services, glaciers also provide essential provisioning and regulating
ecosystem services to local and distant communities, such as water supply and regulation
(Haeberli & Hohmann, 2010; Mark et al., 2015; Orlove, 2009; Viviroli et al., 2007).
The indigenous relationship with and knowledge of their glaciated surroundings that mountain
communities have evolved over the centuries, coupled with today’s economic dependence,
makes that local communities have a complex relationship with glaciers. Consequently, such
communities will be highly affected by glacier retreat in multiple ways. Yet, broad-scale
adaptation measures have been found to face local opposition, due to a lack of trust in higher
authorities and organizations as a result of differing interests in and representations of glaciers
(Gagné et al., 2014; Huggel, Haeberli & Kääb, 2008). Moreover, adaptation measures can
give rise to conflict between stakeholders. Hill et al. (2010), in their study in the Swiss Alps,
have even reported a “reluctance of traditional alpine communities to embark upon
behavioural changes or embrace collaboration” (Hill et al., 2010, p. 82). More essentially,
Brugger et al. (2013), in their study in South Tyrol, have found that some people may even be
reluctant to discuss and acknowledge the various consequences of glacier retreat, and that
some people think that environmentalists have been exaggerating the issue of glacier retreat
due to the belief that glaciers may also advance again. This points to the fact that although
glaciers play an important role in the formation of a shared identity in high-mountain
communities, there may also well be differences among members of such communities in the
way they perceive and respond to glacier retreat and its consequences (Brugger et al., 2013;
Gagné et al., 2014).
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As expressed in the literature, society has an important role to play in responding to glacier
retreat and society will have to be involved in adaptation schemes if they are to be successful
(Orlove, 2009; Watson & Haeberli, 2004). After all, “local communities often possess
detailed knowledge of their environments and can also mobilize their members to work in a
variety of activities” (Orlove, 2009, p. 33). This makes high-mountain societies essential
stakeholders in the challenging task of acting upon glacier retreat.
1.5 Purpose and relevance of study
My thesis study addresses several gaps in the literature. As has been mentioned, there is only
little social-science research in the field of glaciology to date (Gagné et al., 2014). I intend to
contribute to filling this gap by conducting this attitudinal study toward glacier retreat. This
also contributes to filling a gap in the field of environmental attitude research. Several attitude
studies have been conducted on the broader topic of climate change 2, but no attitude studies
have been conducted so far with an explicit focus on glacier retreat.
Moreover, besides a call for more research toward glacier retreat from a social perspective,
there is also a call for more place-based research, as “place-based research is fundamental to
discuss a global environmental phenomenon such as glacier recession” (Gagné et al., 2014, p.
794). Of the sociocultural studies toward glacier retreat - in which attitudes have thus far not
been considered -, only few have taken place in the European Alps. Therefore, and for other
reasons (see Section 1.7), this study will be conducted in the Chamonix Mont-Blanc Valley in
the French Alps.
A further gap in the social-science glaciological research to date is that the influence of
demographical factors (e.g. age, gender, wealth or education) on the perception of glaciers,
their retreat and the associated consequences (see Section 1.2) has poorly been investigated.
Section 1.4 described how there may well be differences between members of a mountain
community with regards to how they perceive, understand and relate to glaciers, despite the
historical development of a shared identity and culture in societies in glaciated areas.
Especially age is contended to be “one of the most common predictors of differences in
attitudes and behaviors” (Pew Research Center, 2015), also in the environmental domain
(Buttel, 1979). Indeed, the literature presents several variables that differ between generations
that make it logical to suspect differences in attitudes (Dietz et al., 1998; Van Liere & Dunlap,
1980), such as media exposure, education, and history and experience (e.g. Ballantyne et al.,
1998; Brugger et al., 2013; Fortner et al., 2000; Gagné et al., 2014; Kalmus et al., 2013;
Whitmarsh, 2008). For instance, different generations typically use different types of media
and with different frequencies (Bondad-Brown et al., 2012; Kalmus et al., 2013; Tapscott,
2009), thereby possibly influencing the type and amount of information about glacier retreat
that they are confronted with. Although it has been found that young people tend to have a
A few examples of such studies are Corner et al. (2012), Kellstedt, Zahran & Vedlitz (2008), and Lorenzoni &
Pidgeon (2006). Corner et al. (2012) tested assimilation and polarisation of attitudes toward climate change, and
the relationship between information uncertainty and climate scepticism and public engagement. Kellstedt,
Zahran & Vedlitz (2008) investigated attitudes toward climate change and concluded that an increased level of
informedness, personal efficacy and trust in science results in a decreased personal concern and sense of
responsibility. Lorenzoni & Pidgeon (2006) researched the public conceptualisation of climate change in both
Europe and the United States, showing that several factors influence this conceptualisation (e.g. experience, trust
in authorities, knowledge) and that climate concern is inferior to other daily concerns.

2
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lower preference for the topics of nature and environment in the media than older people
(Kalmus et al., 2013), and although the effects of media exposure on perception and attitude
formation remain unclear according to some (e.g. Gagné et al., 2014; Marin & Berkes, 2013),
the media are commonly found to influence people’s views and attitudes (e.g. Ball-Rokeach
& DeFleur, 1976). Educational differences between generations, with today’s younger
generations typically having enjoyed more years of education (Hertz et al., 2007) and more
environmental education (Ballantyne et al., 1998), may also well be an influencing factor in
the attitudes that members of different generations hold toward glacier retreat and other
environmental issues. What’s more, older people in mountain communities have more direct
experience (i.e. personal involvement or witnessing of a phenomenon) with glaciers and their
changes than younger community members, simply due to the fact of having lived longer in
the presence of glaciers. Several studies have shown that it is especially direct experience that
influences an individual’s confidence, focus and persistency in attitudes toward a certain
object or event (Fazio & Zanna, 1981; Whitmarsh, 2008), and that it plays a primary role in
learning and perception (Chawla, 1999; Whitmarsh, 2008). These are just a few examples of
aspects related to age that make it logical to suspect different generations to hold different
attitudes toward glacier retreat. However, as mentioned before, no research in the field of
glaciology has focused on demographic aspects, such as age, and the impacts of these on the
perceptions of and responses to glacier retreat. This research seeks to partly fill this research
gap as well by taking the demographic aspect of age along as a variable of interest in the
investigation of attitudes toward glacier retreat.
Accordingly, the purpose of my explorative research is to assess the potential of communities
living in (hazardous) glacier areas to act upon glacier retreat and its consequences, by
investigating the attitudes toward glacier retreat among different generations in society in the
Chamonix Mont-Blanc Valley.
Turning from the purpose of this study to why it is relevant, both in a practical, social, and
scientific sense, the following statement by Gagné et al. (2014) already provides the gist of it:
“there is nothing strictly natural about natural disasters or about receding glaciers as both
phenomena are profoundly enmeshed in the social world. This again points at the need for a
better understanding of the local dimensions of glaciers.” (p. 804). What becomes clear from
this statement is that glacier retreat, like other environmental issues, is framed in the social
sphere of life. This is not only true in a physical sense, namely the human physical influence
in causing environmental issues and the physical consequences of these issues, but also in a
virtual sense, namely the understanding, framing, interpretation, and (emotional and
behavioral) responses of people to environmental issues. This means that, if effective action is
to be taken in the face of environmental issues, such as glacier retreat, the social dimension
cannot be ignored, as is expressed in the above statement.
Investigating attitudes toward glacier retreat across generations is, therefore, practically
relevant, because the resulting information is valuable for local authorities and organizations
concerned with the development of sound local environmental regulation, planning and
strategy regarding glacier retreat. Again, effective strategies are unlikely to be achieved
without an integrated approach in which various stakeholders, including local communities,
cooperate to face the numerous challenges and consequences associated with glacier retreat
(Orlove, 2009; Watson & Haeberli, 2004). Effective cooperation needs to be established,
because governments, NGOs, other organizations, and communities have not done much yet
12

to reduce the impacts that have caused and are caused by glacier retreat (Brugger et al., 2014;
Orlove, 2009). However, to develop such an integrated approach, a thorough understanding of
local communities’ perspective on glacier retreat, its impacts and ways to deal with the
changing environment is highly important, if not essential. Unfortunately, this is currently still
lacking in most regions (Gagné et al., 2014), whilst local communities are a great potential
resource to tap into in order to address glacier retreat and its consequences (Orlove, 2009).
My study makes a start on providing deeper insight into a high-mountain community’s
perspective on glacier retreat by investigating attitudes. This will contribute to effective
cooperation between high-mountain communities and other stakeholders. By also exploring
how attitudes toward glacier retreat vary with age, a fairly detailed account of society’s
position is given. This way, insightful information is gained about the communal desire to act
upon glacier retreat and about the parts of society (in terms of age) that are most ready to
support and contribute to glacier conservation and risk mitigation/adaptation initiatives.
Moreover, investigating attitudes toward glacier retreat and how they may differ across
generations could present valuable information in terms of awareness raising. Local
authorities, governments, and organizations can use this information in developing more
targeted awareness raising campaigns on glacier retreat in the search for broad(er) social
support for regulation, planning and strategy regarding glacier retreat among all generations.
Understanding intergenerational attitudes toward glacier retreat is socially relevant as well,
because all members of societies living in glacier areas should have a good understanding of
the environment that they are living in. Not only is understanding the potential risks of glacier
retreat important to all members of mountain communities, but so is the awareness of what
they can do about it. This will ultimately contribute to living sustainably in glacier areas.
Furthermore, turning to the scientific relevance, my thesis study clearly fills several research
gaps, as has been outlined earlier in this section. Not only does my study answer to the call for
more place-based research from a social perspective, but also it is the first attitude study
toward glacier retreat. In addition, my study takes things a step further by also considering the
impact of the demographic factor of age along in studying attitudes, thereby providing a fairly
detailed account of attitudes toward glacier retreat in the local populace in the Chamonix
Mont-Blanc Valley.
In addition, my research, conducted at the Environmental Systems Analysis group of
Wageningen University, is highly relevant in that it contributes to a more holistic analysis of
glaciers as an environmental system. People - through their contribution to climate change
and outdoors activities on glaciers - play an important role in causing glacier retreat, and are
in turn affected by glacier retreat (see Section 1.2). Accordingly, people are an inherent part
of environmental systems, including those in glaciated, high-mountain areas (Ryder, 1990).
Consequently, to arrive at holistic environmental systems analysis, the social cannot be
ignored, especially not in the case of an environmental issue as ‘enmeshed in the social world’
as glacier retreat (Gagné et al., 2014).

13

1.6 Research questions
In order to achieve my research purpose, the following main research question (RQ) has been
formulated:
Do attitudes toward glacier retreat differ between generations in the Chamonix Mont-Blanc
Valley?
The underlying theoretical framework of this study is the Tripartite Model of Attitude
Structure, which delineates three different elements that together make up attitude, namely:
affect, behavior and cognition (see Chapter 2 for a more elaborate literature review and
theoretical background). As such, the main research question will be answered through the
following sub-questions:
RO1

Do generations differ in their affect regarding glacier retreat?

RQ2

Do generations differ in their behavior regarding glacier retreat?

RQ3

Do generations differ in their cognition regarding glacier retreat?

1.7 Study location
This research project will be conducted in the Chamonix Mont-Blanc Valley. Not only is this
valley surrounded by melting glaciers, but also it is widely known due to the presence of
Europe’s highest mountain, the Mont Blanc. Moreover, the valley has a relatively sizeable
population, which makes it more accessible in terms of reaching a proper sample of research
respondents.
The Chamonix Mont-Blanc Valley is situated in the east of France, close to the Swiss and
Italian border. The main villages in the valley are Chamonix, Servoz, Les Houches,
Vallorcine, and Argentière. The valley stretches 17 kilometers long, is of glacial origin and is
home to 13,816 residents (Chamonix.com, 2019). A map of the valley and a list of all the
glaciers that surround it, can be found in Appendix A.
1.8 Structure of this report
After having provided an introduction to glacier retreat and to this study in this chapter,
Chapter 2 will discuss the literature review and conceptual model that are at the foundation of
my study. Chapter 3 will outline the methodology, after which the results are presented in
Chapter 4. In Chapter 5, the research findings are thoroughly discussed, followed by
conclusions in Chapter 6. The references and appendices can be found at the end of this
report.
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2. Literature review and conceptual model

This chapter will discuss the literature review and the conceptual model that form the
foundation of this exploratory thesis study. First, the literature review that preceded the
formulation of the research questions (see Section 1.6) is outlined, after which the conceptual
model is presented.
2.1 Literature review
The main research question was formulated as a response to the call for more empirical
research and data on glacier retreat, and to the important gap in the literature that was
identified (see Section 1.5). The three sub-questions have been formulated based on the
Tripartite, or Tricomponent, Model of Attitude Structure. This model on attitudes was
introduced by Rosenberg and Hovland in 1960 and has become popular in research in social
psychology and other fields since (Borkowski, 2015; Breckler, 1984).
Before explaining the model, it is necessary to define the term ‘attitude’ and to explain why
the Tripartite Model of Attitude Structure was chosen as the main theoretical framework for
my study. A review of the literature shows that ‘attitude’ is a rather ambiguous term, because
many different definitions can be found in the literature. However, a rather generic definition
is provided by Scherer (2005), who defines attitudes as “relatively enduring beliefs and
predispositions towards speciﬁc objects or persons” (Scherer, 2005, p. 703). I chose to use the
Tripartite Model - which is also called the ABC (Affect-Behavior-Cognition) Model after its
three elements (Harris et al., 2015) -, because it provides a rather all-round analysis of
someone’s disposition towards a topic or object. The model helps to analyze both one’s
feelings, one’s behavior, and one’s thoughts about something (Breckler, 1984; Scherer, 2005).
As such, the model is very suitable to study the stance of people of various ages toward
glacier retreat. In addition, the model is widely used in social research and has been
successfully tested for its validity (Breckler, 1984), thereby strengthening the motivation to
use this model of attitudes. Other attitude models that are offered in the literature include the
Expectancy-Value model, the Multi-attribute Measurement Model, the Vector Model, and the
Cognitive-Affective-Conative Model (Jain, 2014). However, except for one, none of these
models gives equally much attention to all three different elements of attitude (i.e. affect,
behavior and cognition) like the Tripartite Model does. Yet, affect, behavior and cognition
have been positively tested to be independent (i.e. low correlating) elements of attitudes,
thereby providing merit to giving equal attention to each element when studying attitudes
(Breckler, 1984). The only model that does treat all three elements as equally important is the
Cognitive-Affective-Conative Model. However, this model is merely a reinterpretation of the
earlier Tripartite Model, providing no added value to this earlier model.
According to the Tripartite Model, attitude consists of three elements, namely affect, behavior
and cognition (Breckler, 1984; Scherer, 2005; Rosenberg & Hovland, 1960). Affect refers to
how one responds to an object emotionally, and it can be measured, among other things,
through verbal reports of one’s feeling or mood (Breckler, 1984; Rosenberg & Hovland,
1960). Behavior refers to behavioral intentions, actions and verbal reports about behavior
(Breckler, 1984; Rosenberg & Hovland, 1960). Cognition refers to thoughts, beliefs,
knowledge and perceptual responses that one has about an attitude object (Breckler, 1984;
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Rosenberg & Hovland, 1960). By means of measuring each of these three components, one
can measure an individual’s overall attitude towards a topic or object.
2.2 Conceptual model
As the Tripartite Model of Attitudes is used as the background framework to this study, this
means that the affect, behavior and cognition with regard to glacier retreat of people of
different age groups (i.e. generations) will be studied to answer the overarching question of
whether attitudes toward glacier retreat differ between generations. The conceptual model as
depicted in Figure 2 below provides a schematic overview of this study’s set-up.

Figure 2: Conceptual model

2.3 Generations
In order to compare generations, I first need to set their boundaries. This can be done based on
the different life stages, which is one way among others in which generations have previously
been delineated in the literature (e.g. Cennamo & Gardner, 2008; Jorgensen, 2003; Smola &
Sutton, 2002). Yet, age does not only indicate in which stage of life a person is (i.e.
adolescence, adult, parent, pensioner), but also to which cohort of people that were born in
more or less the same time period a person belongs (Pew Research Center, 2015). In
generational research, a generation generally holds a time frame of approximately 20 years.
Several widely used generation boundaries have been defined, such as the Silent Generation
(approximately 1928 to 1945), the Baby Boomers (approximately 1946 to 1964), Generation
X (approximately 1965 to 1980) and Generation Y or the Millennials (approximately after
1980) (Pew Research Center, 2015). As we are in the year 2019 as we speak, the term ‘postMillennials’ has been raised to describe the next generation, which is currently in their
childhood / early teens (Pew Research Center, 2015).
In this thesis study, I set the generation boundaries primarily by considering life stages, but I
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also tried to broadly align these with the boundaries commonly used in generational research
as outlined above. The generations delineated in this study are depicted in Table 1 below.
Table 1: Generation boundaries in this study

Generation

Age

1

15-30

2

31-50

3

51-70

4

71 and
older

Birth
period
1989 2004
1969 1988
1949 1968
1948 or
before

Life stage
Young adulthood
Active parent and
career
Career and early
retirement
Retirement

Approximated generation
from literature
Millennial Generation (after
1980)
Generation X (1965-1980)
Baby Boom Generation
(1946-1964)
Silent Generation (19281945)

As can be seen from Table 1, Generation 1 is roughly similar to the so-called Millennial
Generation, Generation 2 is roughly similar to Generation X, Generation 3 is roughly similar
to the Baby Boom Generation and Generation 4 is roughly similar to the Silent Generation
(Pew Research Center, 2015).
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3. Methods

In this exploratory cross-sectional study, I have applied several steps in order to investigate
intergenerational attitudes and thereby answer the research questions. The methods of data
collection and analysis are presented in this chapter.
3.1 Data collection
The data collection took place from the 1st of March until the 20th of March 2019 in the
Chamonix Mont-Blanc Valley in France, using a survey.
3.1.1 Survey instrument
The survey consisted of closed questions only. It mainly included rating scale questions with
five-point Likert scales as response scales. However, the survey also included a few multiple
choice questions and slider questions in order to provide some diversity in question style and
thereby maintain respondents’ attention. As a result of the question types used, the survey
yielded nominal and ordinal data, as is common in surveys that deal with subjective data
(Fowler, 2002).
The survey was designed to measure each element of attitudes as outlined by the Tripartite
Model, namely affect, behavior and cognition. In order to measure these attitude elements,
approximately ten statements were formulated per element to which respondents had to
indicate their level of agreement or disagreement on a five-point scale (i.e. strongly disagree,
disagree, neutral, agree, strongly agree). However, a ‘don’t know’ option was also included.
By formulating approximately ten statements per attitude element, the survey stayed within
reasonable length to avoid non-response, whilst also not being too short so that there would
remain room to potentially delete statements based on analysis of the data (see Section 3.2.2).
The statements used to measure the attitude elements were largely taken from existing surveys
in social research that were also based on the ABC (i.e. affect, behavior, cognition) model of
attitudes (e.g. Bredahl, 2001; Cheung, 2009; Dunlap et al., 2000; Maloney, Ward & Braucht,
1975; Scott & Willits, 1994; Teo, 2008; Xiao, Noring & Anderson, 1995) and adjusted to fit
to the topic of this study. In addition, I formulated some statements myself. An overview of
the original items taken from existing surveys and their translation into items used in the
current study, is provided in Appendix B. Question item 8, which measures the willingness to
pay, was inspired by one of the question items included in the study of Stern, Dietz & Kalof
(1993).
The survey was first prepared in English and then translated to French. The final survey used
during fieldwork was in French to accommodate the participants at the study site, because it
could reasonably be expected that not everyone in the study location could speak and read
English. After all, the English proficiency in France is only moderate (EF, 2017) and there is a
generation gap in English proficiency in Europe, meaning that older people are generally less
proficient in English than younger people (EF, 2017). Thus, even though younger participants
may be proficient in English, the survey was made in French for all participants in order to
assure equal accessibility to the survey for all generations of interest and thereby preventing
little and/or poor data being obtained from the older, less English proficient generations.
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After having composed and translated the survey, it was pretested. Based on the pretests,
adjustments were made to arrive at the final version of the survey as used during field work,
which can be found in Appendix C.
3.1.2 Pretesting the survey
Before starting to collect data using a survey instrument, it is useful to first test the survey in
order to avoid potential problems during the actual data collection process (Vannette, 2018).
Pretesting a survey can be done in several ways, one of which is cognitive interviewing
(Vannette, 2018). Cognitive interviewing is a prominent method to pretest surveys and is
defined by Beatty and Willis (2007, p. 287) as “the administration of draft survey questions
while collecting additional verbal information about the survey responses, which is used to
evaluate the quality of the response or to help determine whether the question is generating
the information that its author intends”. There are two overall paradigms within the area of
cognitive interviewing, namely the thinking aloud paradigm and the probing paradigm (Beatty
& Willis, 2007). In the former paradigm, the participant is asked to think out loud whilst
completing the survey and the researcher is supposed to interfere very little. In the latter
paradigm, the researcher actually asks (predetermined) questions (i.e. probes) to the
participant about the survey. In reality, these two paradigms come very close together,
because cognitive interviews usually end up as a combination of asking participants to think
out loud and asking some probing questions as deemed necessary and/or appropriate (Beatty
& Willis, 2007). Indeed, I also used a combination of asking the pretest participants to think
out loud whilst filling out the survey and of asking probing questions when I thought this was
needed. After the participants were done filling in the survey, I also asked a few more general
questions about the survey regarding things such as language use, level of difficulty, length,
and layout.
A topic much debated is the appropriate sample size for the pretest (Beatty & Willis, 2007),
but it is generally recommended to use samples of five to fifteen participants and to conduct
multiple rounds (Willis, 2005). Moreover, it is important to consider who is included in the
sample for the pretest, because it is generally desirable that the pretest sample is
representative of the research population or at least includes people that are relevant to the
research topic (Beatty & Willis, 2007; Willis, 2005). For reasons of time, I gathered a sample
of five individuals to pretest the survey instrument. Since the survey was in French to suit to
the needs of the research population in the research location (i.e. Chamonix Mont-Blanc
valley, France), I asked only native French-speaking individuals to participate in the pretest.
Unfortunately, this requirement limited my ability to compose a sample that is representative
of the research population in the research location. After all, being a student in Wageningen,
the Netherlands, enabled me to relatively easily find native French-speakers through the local
(online) student network, but it also made that they were all of a relatively young age (i.e. in
their twenties). My actual research population includes people of all generations, thus also
people aged 80 years or even more. However, finding native French-speaking people of all
age classes here in the Netherlands is too difficult and time-consuming. As a consequence, my
pretest sample that consisted of five French students was not representative of the research
population, due to the contextual reasons just described.
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The interview protocol for the cognitive interviews and the report of each cognitive interview
that was conducted, can be found in Appendix D. As mentioned before, the insights gained
from the cognitive interviews have led to the final version of the survey. The final survey was
not only distributed in print, but also online to accommodate those people who prefer to
participate digitally and/or at a moment of their own choosing rather than on paper when I
approached them.
3.1.3 Research population
The target population consisted of residents of the Chamonix Mont-Blanc Valley in France,
aged 15 years and over, who have lived in the valley for at least five years already, with a
minimum stay of three months per year. Thus, non-permanent (i.e. seasonal) residents were
included in the sample as long as they met the minimum conditions just mentioned.
3.1.4 Sampling strategy
During the fieldwork, I applied a consistent sampling strategy in order to find research
participants. I approached people in the street and in other public places (e.g. shops, bars,
hotels, restaurants, offices, museums, schools, library), but also at their homes when going
from door to door. I brought a considerable amount of printed versions of the survey with me
every day for people to fill in. Yet, if people did not have the time, I would ask them for their
e-mail address and send them an e-mail invitation that same evening. Every evening, I kept a
logbook of how many respondents were gathered that day, where and how I approached them,
and what ages they had (see Appendix E).
3.1.5 Sampling procedure
As mentioned, I personally visited the study area where I set out to gather at least 300
respondents. Fortunately, this number of research participants was more than reached within
the time (one month) and capacity (one person) constraints that rested upon this project.
Respondents were sampled non-randomly throughout the Chamonix Mont-Blanc Valley.
Specifically, the sampling method used was quota sampling, because in order to ensure that
respondents of all age categories were included, attention was paid to gathering a more or less
equal amount of responses from people belonging to the age steps as shown in Table 2 below.
Table 2: Sampling quota
Age
15-20 years
21-30 years
31-40 years
41-50 years
51-60 years
61-70 years
71-80 years
> 80 years
Total

Number of respondents (approximately)
40
40
40
40
40
40
40
40
320
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The age classes in Table 2 are different from the age classes given in Table 1, because I aimed
to collect responses spread out more or less evenly over the ages that fall within a generation.
This way I could prevent uneven age distributions within the defined generations (e.g.
collecting only responses of people aged in their 30s for Generation 2, while that generation is
supposed to represent people aged 31 to 50).
3.2 Data analysis
The gathered data were analyzed using IBM SPSS Statistics software, version 25. The
analysis involved several steps, each of which is described below.
3.2.1 Preparing the dataset
The first step was to enter all the data into SPSS. The data from the online surveys could be
downloaded in SPSS from Qualtrics, after which the data from paper versions of the survey
were manually added to this dataset. Then, the dataset was scanned for responses that should
be removed, based on the following retention criteria:
-

-

Each respondent must have lived in the Chamonix Mont-Blanc Valley for at least five
years, for at least three months per year. This minimum time frame of five years is set,
because what matters is the year to year changes in the glaciers surrounding the valley
that people must have witnessed, which inevitably requires having lived or spent time
the valley for at least several years;
Each respondent must have provided his/her age and the amount of time spent living
in the Chamonix Mont-Blanc Valley, as this is essential information for this thesis
research and necessary to check whether the previous requirement was met; and
Each respondent must have answered at least 50% of the question items for each
element of attitude (i.e. affect, behavior, cognition).

Based on these criteria, a total of seven responses (out of the 332) was deleted, resulting in a
final dataset of 325 responses.
Subsequently, some of the variables were subjected to reverse coding. After all, some of the
question items were formulated positively (e.g. “I care about glacier retreat”) and some were
formulated negatively (e.g. “Glacier retreat does not scare me at all”) or in another way
oppositely (e.g. “I feel people worry too much about glacier retreat”), thereby calling for
reverse coding of negatively/oppositely phrased items to properly analyse the data. The
coding system as shown in Table 3 below was used for the reverse coding of the
negatively/oppositely formulated items in SPSS. The question items subjected to reverse
coding were: Affect 2, Affect 4, Affect 7, Affect 8, Affect 10, Behavior 2, Behavior 5,
Behavior 6, Behavior 8, Behavior 10, Cognition 6, Cognition 9, and Cognition 14 (see
Appendix C for the survey and, thus, the question items).
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Table 3: Reverse coding system
Positively phrased item
Totally disagree
Disagree
Neutral
Agree
Totally agree

1
2
3
4
5

Negatively/oppositely phrased
item
5
4
3
2
1

Furthermore, in this phase of preparing the dataset for further analyses, I looked at descriptive
statistics of the data (e.g. mean, median, mode, standard deviation, skewness, kurtosis,
number of missing values, histograms, boxplots) to get a first impression of potentially
problematic items. Also, a reliability analysis (i.e. Cronbach’s Alpha) was conducted on all
the items that were supposed to measure the same element of attitude (i.e. all ‘affect’ items,
all ‘behavior’ items and all ‘cognition’ items) to check whether, overall, respondents scored
consistently on the items belonging to the same attitude element, which would give an
indication of whether the question items were proper to measure what they were supposed to
measure.
3.2.2 Principal component analysis
After the phase of preparing the dataset, principal component analyses were performed on the
survey question items. As explained earlier, the survey aimed to measure three elements namely affect, behavior and cognition -, which together should reflect an individual’s attitude
toward glacier retreat. For each element, several question items with Likert response scales
were included in the survey: ten items to measure affect, twelve items to measure behavior,
and fourteen items to measure cognition. In the dataset, all these question items (36 in total)
constituted different variables. By conducting principal component analysis, I could validate
whether these variables were indeed explained by three latent (i.e. underlying) variables,
representing the three elements of attitude. If the survey would have been perfect, then it
could be expected that three components would come out of the principal component analysis:
one component containing all the question items for affect, one component containing all the
question items for behavior, and one component containing all the question items for
cognition. However, this was realistically expected not to be the case and the principal
component analyses confirmed this. I had to conduct several principal component analyses,
systematically deleting items, before arriving at a component structure that met all the set
requirements (i.e. no items included with a communality of less than 0.4, a proper measure of
sampling accuracy (KMO above 0.8), more than 60% of the variance in the data explained
and interpretable components when considering content). In the next chapter, this process is
presented in more detail, as well as the final/resulting component structure.
The principal component analyses were conducted with oblique rotation, which allows
components to correlate with each other, because it can realistically be expected that
psychological constructs – as dealt with in this study - correlate with each other (Field, 2018).
After arriving at a proper component structure, a post analysis of the components was
conducted in the form of recalculating Cronbach’s Alpha for each component to check the
scale reliability of the resultant components.
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3.2.3 Labelling and creating the component variables
After arriving at a satisfactory component structure, the components were labelled based on
the content of the items that loaded highly (i.e. ≥ 0.4) on the respective component. Then, the
respondents’ scores on each component were computed 3 and saved as new variables (i.e. the
component variables) in the dataset, using the component labels as variable names.
3.2.4 Analysis of variance (ANOVA)
The next step was to conduct analyses of variance (ANOVAs) in order to compare the four
different generations (see Section 2.3) on the different components.
Before running the ANOVAs, careful attention was given to the descriptive statistics of the
component variables per generation 4 in order to have a first screening for interesting
differences, but also to check the assumptions for ANOVA, including normality, outliers and
homogeneity of variance.
When the results of the ANOVAs showed that there was a significant difference between
generations, post hoc analyses were conducted to find out exactly which generations differed
from each other. The post hoc analyses used were Games-Howell, because sample sizes (i.e.
generations) were not equal and group variances were not similar, and Bonferroni, because it
controls the Type I error rate well (Field, 2018).
3.2.5 Non-parametric tests: Kruskall-Wallis
Due to the fact that the assumptions of ANOVA - especially the assumption of normality were violated, a non-parametric testing method was applied, namely the Kruskall-Wallis test.
The Kruskall-Wallis test assesses whether groups come from different populations (Field,
2018) and is, therefore, suitable to test whether the four generations in this study differ from
each other on any of the component variables. When the results of the Kruskall-Wallis tests
indicated a significant difference between the generations, both pairwise comparisons and the
stepwise step-down procedure were used to determine which generations differed
significantly from each other. 5 The results of the Kruskall-Wallis tests were compared with
the results of the ANOVAs to cross-check the results.

Respondent scores on each component were computed by taking the average of the individual scores of a
respondent on all the (filled in) items belonging to a component.
4
The continuous variable Age was transformed into a categorical variable, called ‘Generation’, in order to be
able to analyse and compare the data for the different generations. The age boundaries for the generations are
described in Table 1, Section 2.3. In essence, this enabled splitting up the overall sample into four subsamples,
each one of them representing a different generation.
5
Pairwise comparisons employs a strict p-value in order to ensure that the risk of making a Type I error across
all the comparisons that are performed is not higher than 5%. This does lead to lower statistical power (i.e. less
chance of finding a genuine effect), which is not the case with the stepwise step-down procedure.
3

23

4. Results

This chapter presents the results of the various statistical analyses that were performed on the
data as described in the previous chapter.
4.1 Sample description
Before diving into the results of the main analyses that were performed to answer the research
questions, attention is given first to the sample composition and characteristics (Table 4).
Table 4: Sample description
N
Male
Female
Permanent residents
Non-permanent residents
Generation 1 (15-30 yrs)
Generation 2 (31-50 yrs)
Generation 3 (51-70 yrs)
Generation 4 (>70 yrs)
Age

325
146
179
299
26
78
110
94
43
15 (minimum)

100%
45%
55%
92%
8%
24%
34%
29%
13%
95 (maximum)

47.22 (mean)

47 (median)

4.2 Results PCA
As described in Chapter 3, several principal component analyses (PCAs) were performed
before arriving at a component structure that met all the requirements that were set
beforehand (see Section 3.2.2). The process of arriving at the final component structure,
which formed the basis for further analyses, is explained in Table 5 below. As becomes clear
from Table 5, survey question items were deleted when they had more than 10% missing
values, a communality lower than 0.4, no loading of 0.4 or higher on any of the components,
or when the item was seen to cause ambiguity in many participants or was of rather poor
content after all. The final component structure (including a total of 26 items), with an
appropriate component label and the Cronbach’s Alpha for each component, is depicted in
Table 6.
A general rule is that a Cronbach’s Alpha of 0.7 to 0.8 is acceptable and indicates that a scale
is reliable (Field, 2018). As can be seen in Table 6, all components except Component 4
(called Need for action) have an acceptable Cronbach’s Alpha according to this general rule.
However, values below 0.7 can suffice when working with psychological constructs (Kline,
1999), as is the case in this thesis study. Moreover, Cronbach’s Alpha will increase when the
number of items on a scale increases (Field, 2018). Since Component 4 only contains four
items, a slightly lower value for Cronbach’s Alpha could logically be expected.
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Table 5: Process of running PCAs before arriving at final component structure
PCA #
1
2

Items deleted
Behavior 6, Cognition 4,
Cognition 12, Cognition 14
All above + Behavior 2

3

All above + Cognition 2

4

All above + Behavior 5

5

All above + Cognition 10

6

All above + Cognition 1

7

All above + Behavior 12

Reason
- More than 10% missing values.
- Poor items as seen during fieldwork.
- Loading on a component together with one Affect item, making
the component difficult to interpret.
- Poor item as seen during fieldwork, because finance is sensitive
topic.
- Lowest communality of all items.
- Does not load highly (i.e. > 0.4) on any of the components.
- Lowest communality of all items.
- Alone on a component.
- Ambiguous item as seen during fieldwork (people answered
in context of their physical condition, which was not the idea of
the item).
- Loaded onto the 6th component with only one other item
(‘Cognition 1’) in previous PCA, which was illogical content-wise
and resulted in relatively low Cronbach’s Alpha (0.599) and low
Pearson’s correlation coefficient (0.433) for that component. Item
‘Cognition 10’ had the lowest communality of the two items on
the respective component and was cross-loading onto another
component.
- Weak item content-wise (too general).
- No pattern matrix produced in previous PCA where ‘Cognition
10’ was removed (i.e. PCA 5).
- Removing ‘Cognition 1’ as well would remove the 6th component
from PCA 4 completely, which was a problematic component
(see above).
- Weak item content-wise (too general).
- Communality < 0.4

Table 6: Principal Component Analysis result

Affect 1: “I feel concerned about
glacier retreat.”
Affect 3: “I get depressed when I
think of glacier retreat.”
Affect 5: “I get upset when I imagine
the Chamonix Mont-Blanc valley
without glaciers.”
Affect 6: “It frightens me to think
that the glaciers around this valley
are melting.”
Affect 9: “I care about glacier
retreat.”
Behavior 1: “I want to contribute to
glacier conservation activities.”
Behavior 3: “I plan to contact a
group or association to find out what
I can do about glacier retreat.”
Behavior 4: “I would attend a
meeting about glacier retreat.”
Behavior 7: “I inform myself about
glacier retreat.”

1
Emotional
anxiety
0.587

2
Behavior

3
Emotional
indifference

4
Need for
action

5
Risk
perception

0.571
0.712
0.725
0.763
0.539
0.823
0.706
0.602
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Behavior 8: I would probably not
join a group or association which is
concerned with glacier retreat.”
Behavior 9: “I would donate to a
foundation to help combat glacier
retreat.”
Behavior 10: “I’m not interested in
learning more about glacier retreat.”
Behavior 11: “I would be willing to
write the local authorities weekly
concerning the issue of glacier
retreat.”
Affect 4: “I feel indifferent to the
statement: “The glaciers will be gone
in 40 years if we don’t find ways to
conserve them”.”
Affect 7: “I rarely ever worry about
the effects of glacier retreat on
myself and my family.”
Affect 8: “The whole glacier retreat
issue has never upset me.”
Affect 10: “Glacier retreat does not
scare me at all.”
Cognition 8: “I am of the opinion
that the municipality should spend
less money on organizing social
events in order to have more funds
available for glacier conservation.”
Cognition 9: “I believe there is
nothing we can do to save the
glaciers.”
Cognition 13: “I believe that actions
are necessary in order to slow down
glacier retreat.”
Cognition 3: “Overall, I believe that
glacier retreat involves considerable
risks to the environment, myself and
other people that are important to
me.”
Cognition 5: “I think that glacier
retreat will cause environmental
catastrophes.”
Cognition 6: “The problem of glacier
retreat has been greatly exaggerated.”
Cognition 7: “I believe that glacier
retreat is a threat to humans.”
Cognition 11: “I think that glacier
retreat will affect people’s lives.”
Affect 2: “I feel people worry too
much about glacier retreat.”
Cronbach’s Alpha

0.703
0.698
0.503
0.683

0.555

0.573
0.576
0.413

0.496
0.557

0.720
0.527
0.432

0.715
0.684
0.758
0.727
0.442
0.798

0.843

0.699

0.636
0.574

0.796

Also shown in Table 6 is that there are two items that are loading onto more than one
component (i.e. cross-loading), namely items ‘Affect 10’ and ‘Affect 2’. ‘Affect 10’ was not
excluded from the analysis, because it loads only on components that contain items measuring
the attitude element of affect (remember the conceptual framework, see Figure 2). ‘Affect 2’
does load onto components that both reflect a different element of attitude, namely affect and
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cognition. Although the item ‘Affect 2’ was originally meant to measure affect, when
considering the content of this item it does indeed reflect more of a thought or believe (i.e.
cognition) then a feeling (i.e. affect). Therefore, this item is reconsidered as a cognition item
rather than an affect item and, thus, seen as part of Component 5 (i.e. Risk perception), which
reflects cognition. However, when using this item in future attitude studies, it should be
slightly rephrased before it is used to measure cognition to “I believe that people worry too
much about glacier retreat”, for example.
Before continuing, Figure 3 below provides a clear overview of which components measure
which element of attitudes.

Figure 3: Overview of components and which attitude element they measure

As can be seen in Figure 3, but also in Table 6, each component generally only contains affect
items, or behavior items, or cognition items, which means that the question items are indeed
measuring these three elements of attitudes separately. However, as could be expected, the
principal component analyses resulted in more than three components, since affect and
cognition are both represented by two (sub)components: the components Emotional anxiety
and Emotional indifference represent affect, and the components Need for action and Risk
perception represent cognition. Emotional anxiety and Emotional indifference are fairly
similar to each other, yet the former expresses more of a sense of concern of even fear,
whereas the latter expresses the level to which one (emotionally) cares about the issue of
glacier retreat. Behavior, logically, expresses one’s intended and actual behavior regarding
glacier retreat. Need for action and Risk perception are both expressing fairly different
cognitive stances, as the former expresses the extent to which one thinks action is needed in
the face of glacier retreat, whereas the latter expresses the extent to which one believes there
to be risks associated to glacier retreat.
4.3 Descriptive statistics of component variables
As explained in Section 3.2.3, variables were computed for each component, containing the
respondents’ mean score on the (filled in) question items belonging to the respective
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component variable. Before conducting further analyses, some descriptive statistics for these
component variables were obtained per generation (Table 7).
Table 7: Descriptive statistics of component variables
Component
Emotional
anxiety

Generation
1
2

N

Mean 6

Variance

Minimum

Maximum

Skewness

Kurtosis

78
110

4.4462
4.3147

0.198
0.425

3.20
1.80

5.00
5.00

-0.545
-1.034

-0.389
1.264

3

94

4.4694

0.473

1.60

5.00

-1.732

3.242

4

43

4.2186

0.552

1.20

5.00

-1.684

4.947

total=325
Behavior

1

78

3.4113

0.387

1.75

4.88

-0.290

-0.057

2

110

3.5334

0.439

1.63

5.00

-0.041

0.060

3

94

3.6089

0.589

1.00

5.00

-0.437

0.560

4

43

3.3746

0.458

1.63

4.75

-0.424

0.821

total=325
Emotional
indifference

1

78

4.1592

0.431

1.75

5.00

-0.874

1.218

2

110

4.1284

0.537

2.00

5.00

-0.509

-0.487

3

94

4.2590

0.530

2.00

5.00

-0.745

-0.223

4

43

3.9535

0.760

2.00

5.00

-0.671

-0.239

total=325
Need for
action

1
2

78
109

4.0192
3.8685

0.388
0.546

2.33
1.67

5.00
5.00

-0.589
-0.552

0.092
0.394

3

94

3.8925

0.519

2.33

5.00

-0.048

-0.860

4

43

3.4496

0.854

1.00

5.00

-1.036

1.391

total=324
Risk
perception

1
2

78
110

4.1650
4.1526

0.433
0.424

1.60
2.00

5.00
5.00

-0.901
-0.857

1.576
0.311

3

93

4.0367

0.620

1.20

5.00

-1.217

1.884

4

43

3.7628

0.711

2.00

5.00

-0.551

-0.506

total=324

6

The mean of each component has a theoretical minimum of 1 and a theoretical maximum of 5, since each component
consists of items that were rated on a 5-point Likert scale.
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As can be seen from Table 7, the total number of respondents for Need for action and Risk
perception is 324 instead of 325. For Need for action, there was one respondent in Generation
2 that had missing values on all question items that compose this component variable. For
Risk perception, there was one respondent in Generation 3 that had missing values on all
question items that compose this component variable.
When considering the mean scores of each generation on each component variable, there is no
strong indication of (large) differences between the generations on any of the components.
However, the ANOVAs will show whether this is indeed the case. As mentioned in Section
3.2.4, several assumptions had to be checked before conducting the ANOVAs. The
descriptive statistics presented in Table 7 are only a selection of all the statistics that were
used to check these assumptions, including normality, outliers, and homogeneity of variance.
Boxplots were used to check for outliers. Q-Q plots, histograms, skewness and kurtosis
scores 7, and the Kolmogorov-Smirnov test were used to check normality within groups (i.e.
generations). Levene’s test 8 and scatterplots 9 were used to check homogeneity of variances
(a.k.a. homoscedasticity). The general conclusions of this post-analysis are provided in Table
8 below.
Table 8: Checking assumptions for ANOVA
(✓ = assumptions met, ≈ = assumption slightly violated, ✗ = assumption violated)
Component

Normality

Homogeneity of
variance

Outliers

Emotional anxiety

✗ (for all generations)

✓

✓ (for generation 1)
≈ (for generations 2 and 4)
✗ (for generation 3)

Behavior

✓ (for generations 1 and 2)
≈ (for generations 3 and 4)

✓

≈ (for all generations)

Emotional
indifference

≈ (for all generations)

✓

≈ (for generations 1 and 3)
✓ (for generations 2 and 4)

Need for action

✓ (for generations 1, 2 and 3)
✗ (for generation 4)

✓

≈ (for generations 1, 2 and 4)
✓ (for generation 3)

Risk perception

≈ (for generation 1)
✗ (for generations 2 and 3)
✓ (for generation 4)

✓

≈ (for generations 1, 2 and 3)
✓ (for generation 4)

Specifically, I computed the z-scores for skewness and kurtosis, which is achieved by dividing them by their
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
; zkurtosis =
). A z-score greater than 1.96 indicates non-normality
standard error (i.e. zskewness =
7

𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑆𝑆𝑆𝑆𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

at the 5% significance level (Field, 2018).
8
I used the results of Levene’s test based on the median - rather than Levene’s test based on the mean - to assess
homogeneity of variances, because Levene’s test based on differences between scores and the median is less
biased by outliers (Field, 2018). Levene’s test was not significant at the 5% significance level for any of the
component variables.
9
The scatterplots plotted standardized predicted values against standardized residuals (zpred vs. zresid) for each
of the five component variables. Points were scattered randomly (i.e. no funnel-shape or curve) in all five
scatterplots, indicating that the assumption of homoscedasticity is met for all components. Scatterplots were used
to cross-check the results attained from Levene’s test, because Levene’s test is criticized for its possibility to be
unrighteously significant in large samples and unrighteously non-significant in small samples (Field, 2018).
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As shown in Table 8, some of the assumptions for ANOVA were (slightly) violated,
especially the assumption of normality. However, in large samples – a sample size of 30 is
seen as a general threshold - one does not have to worry too much about non-normality due to
the central limit theorem (Field, 2018). However, whether a sample size of 30 is large enough
for the central limit theorem to work, depends on the population distribution (Field, 2018). In
the case of this study, all samples are considerably larger than 30, except for Generation 4
which is not that much larger (i.e. N = 43) (see Table 7). Therefore, I concluded that ANOVA
could very well be performed on the data, but I decided to conduct a non-parametric testing
method (which does not assume normality) as well to see whether similar results would be
obtained, thereby strengthening or weakening the trust that can be placed upon the results
from the ANOVAs.
4.4 Results ANOVAs
In this section, the results of the ANOVAs are presented. One ANOVA was performed for
each component variable, where the component variable (e.g. Emotional anxiety) was the
dependent variable and Generation was the independent variable. Thus, five ANOVAs were
performed in total, the results of which are given in Table 9 below.
Table 9: ANOVA results
Component

N

F

p-value

Welch’s F

p-value

Emotional anxiety

325

2.061

0.105

1.906

0.131

Behavior

325

1.576

0.195

1.547

0.205

Emotional indifference

325

1.454

0.227

1.171

0.323

Need for action

324

5.649

0.001

4.368

0.006

Risk perception

324

3.591

0.014

2.936

0.036

Although there were no signs of a violation of the assumption of homogeneity of variance
(see Table 8), I interpret Welch’s F instead of the standard test statistic (F) because Welch’s F
corrects for any deviations from homogeneity and is thus always a safer choice (Field, 2018).
If deviations from homogeneity are small, then Welch’s F will be fairly similar to F. As can
be seen in Table 9, Welch’s F is fairly similar to F for Emotional anxiety, Behavior and
Emotional indifference, but Welch’s F and F differ somewhat more for Need for action and
Risk perception. This means that heteroscedasticity is present in these latter two component
variables, but not enough to be detected by Levene’s test and the scatterplots (see Table 8).
The overall results, including the effect size (omega squared, ω2) 10, are as follows:
 There are no significant differences between generations with regards to Emotional
anxiety, Welch’s F(3, 139.995) = 1.906, p = 0.131, ω2 = 0.0097 (ω = 0.0985);

10

Omega squared (ω2) was calculated with the formula ω2 =

𝑆𝑆𝑆𝑆𝑀𝑀 −(𝑑𝑑𝑑𝑑𝑀𝑀 ) 𝑀𝑀𝑀𝑀𝑅𝑅
𝑆𝑆𝑆𝑆𝑇𝑇 + 𝑀𝑀𝑀𝑀𝑅𝑅

, and omega (ω) with ω = √𝜔𝜔2 .
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 There are no significant differences between generations with regards to Behavior,
Welch’s F(3, 143.745) = 1.547, p = 0.205, ω2 = 0.0053 (ω = 0.0727);
 There are no significant differences between generations with regards to Emotional
indifference, Welch’s F(3, 140.058) = 1.171, p = 0.323, ω2 = 0.0042 (ω = 0.0646);
 There are significant differences between generations with regards to Need for action,
Welch’s F(3, 138.896) = 4.368, p = 0.006, ω2 = 0.0413 (ω = 0.2031);
 There are significant differences between generations with regards to Risk perception,
Welch’s F(3, 138.364) = 2.936, p = 0.036, ω2 = 0.0234 (ω = 0.1531).
Thus, according to the ANOVAs there is a difference between generations with regards to the
component variables Need for action and Risk perception. However, the effect sizes (ω2 =
0.0413 and ω2 = 0.0234 respectively) are only small to medium. 11
4.4.1 Follow-up analysis: post hoc tests
Post hoc tests were conducted to determine exactly which generations differ from each other
on Need for action and Risk perception. Conducting post hoc tests is suitable when there are
no specific hypotheses, as is the case in this study. There are quite a few different post hoc
tests available, but I chose to use Bonferroni and the Games-Howell procedure. Bonferroni
was chosen, because it controls the Type I error rate well (Field, 2018). Performing multiple
ANOVAs already gives rise to an inflated familywise error rate, so choosing Bonferroni
prevents any further increase in the familywise error rate. The Games-Howell procedure was
chosen, because sample sizes (i.e. number of respondents for each generation) are unequal
and the group variances are not certain to be similar 12.
Bonferroni and the Games-Howell procedure both yielded the following results:
 Need for action: Generation 4 differs from each of the other generations. Specifically,
Generation 4 scores significantly lower on Need for action than the other generations,
meaning that this generation sees less of a need to act upon glacier retreat than the
other generations do.
 Risk perception: Generation 4 differs from Generation 1 and from Generation 2.
Specifically, Generation 4 scores significantly lower on Risk perception than
Generations 1 and 2, meaning that this generation perceives less risks from glacier
retreat than Generations 1 and 2.
4.5 Results Kruskall-Wallis tests
As mentioned earlier, I conducted Kruskall-Wallis tests as well, because there were some
issues with normality within groups (though the sample sizes might make this negligible) and
with outliers (see Section 4.3 and Table 8). A non-parametric testing method, such as the
A value for ω2 of 0.01 is deemed as a small effect, 0.06 as a medium effect and 0.14 as a large effect (Kirk,
1996).
12
Although Levene’s test and the scatterplots did not indicate heteroscedasticity in the component variables
Need for action and Risk perception (see Table 8, Section 4.3), there is a considerable difference between the
standard F and Welch’s F for these two variables (see Table 9, Section 4.4). As mentioned, a difference between
the standard F and Welch’s F is an indicator of heteroscedasticity. Since I am, therefore, not entirely certain that
group variances are similar, I use the Games-Howell procedure, which is appropriate when both group sizes and
group variances are not (certain to be) equal (Field, 2018).
11
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Kruskall-Wallis test, overcomes distributional problems by ranking the data, thereby
eliminating the effects of outliers and problems with normality (Field, 2018). The results of
the Kruskall-Wallis tests can strengthen or weaken the trust that can be placed upon the
results from the ANOVAs.
The overall results of the Kruskall-Wallis tests (see Appendix F for the output) are as
follows 13:
 There are no significant differences between generations with regards to Emotional
anxiety, H(3) = 7.562, p = 0.056;
 There are no significant differences between generations with regards to Behavior,
H(3) = 4.456, p = 0.216;
 There are no significant differences between generations with regards to Emotional
indifference, H(3) = 4.074, p = 0.254;
 There are significant differences between generations with regards to Need for action,
H(3) = 12.613, p = 0.006;
 There are significant differences between generations with regards to Risk perception,
H(3) = 7.924, p = 0.048.
Thus, according to the Kruskall-Wallis tests, generations differ on Need for action and on
Risk perception. These results align with the overall results from the ANOVAs.
4.5.1 Follow-up analysis: pairwise comparisons & stepwise step-down procedure
As with ANOVA, a follow-up analysis is needed to find out exactly which generations differ
from each other on Need for action and Risk perception. There are two procedures to follow
up on the Kruskall-Wallis tests, namely pairwise comparisons or the stepwise step-down
procedure (Field, 2018). Pairwise comparisons control the Type I error rate well but have
lower statistical power due to working with a stricter significance value (i.e. p-value), whereas
the stepwise step-down procedure does not have lower statistical power (Field, 2018).
However, effect sizes cannot be calculated with the output of the stepwise step-down
procedure, whilst this is possible with the output of the pairwise comparisons. Since both
procedures have their pros and cons, I will report the results of both (the output can be found
in Appendix F).
Pairwise comparisons 14:
 Generations differ on Need for action (H(3) = 12.613, p = 0.006). Pairwise
comparisons with adjusted p-values show that there are no significant differences with
regards to Need for action when comparing Generation 4 with Generation 3 (p =
0.105, r = 0.203) or with Generation 2 (p = 0.065, r = 0.207), but there is a significant
difference when comparing Generation 4 with Generation 1 (p = 0.002, r = 0.322).
Furthermore, there are no significant differences with regards to Need for action when
Please be aware that the results reported here are about the mean rank of the data and not about the median,
because distributions within groups (i.e. generations) were not similar. Interpreting results about the median is
generally easier, so a bit more caution is required here to interpret the results as they are about the mean rank.
𝑧𝑧
14
Effect sizes (r) for the pairwise tests were calculated using the formula r = . Tables F.1 and F.2 in Appendix
√𝑁𝑁
F show the calculations. Effect sizes can only be calculated for pairwise comparisons, not for the stepwise stepdown procedure.
13
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comparing Generation 3 with Generation 2 (p = 1.00, r = 0.011) or with Generation 1
(p = 0.738, r = 0.118), nor when comparing Generation 2 with Generation 1 (p =
0.893, r = 0.106);
 Generations differ on Risk perception (H(3) = 7.924, p = 0.048). Pairwise comparisons
with adjusted p-values show that there are no significant differences with regards to
Risk perception when comparing Generation 4 with Generation 3 (p = 0.298, r =
0.168), with Generation 2 (p = 0.055, r = 0.211) or with Generation 1 (p = 0.066, r =
0.231). Furthermore, there are no significant differences with regards to Risk
perception when comparing Generation 3 with Generation 2 (p = 1.00, r = 0.053) or
with Generation 1 (p = 1.00, r = 0.060), nor when comparing Generation 2 with
Generation 1 (p = 1.00, r = 0.007).
The effect size of the comparison that was found to be significant (i.e. Generation 4 vs.
Generation 1 with regards to Need for action) is medium. 15
Stepwise step-down procedure:
 Generations differ on Need for action (H(3) = 12.613, p = 0.006). The stepwise stepdown procedure shows that Generation 4 is a different subset from the other
generations;
 Generations differ on Risk perception (H(3) = 7.924, p = 0.048). The stepwise stepdown procedure shows that Generation 4 is a different subset from Generations 1 and
2. There is ambiguity as to which subset Generation 3 belongs. It could either be
placed in a subset together with Generation 4 or in a subset together with Generations
1 and 2.
4.6 Comparing results: ANOVAs and Kruskall-Wallis tests
Now that the results of the ANOVAs and the Kruskall-Wallis tests, and their follow-up
analyses, have been presented (Sections 4.4 and 4.5), their respective results can be compared.
As explained before, the assumptions of normality and no outliers, which are important
assumptions for ANOVA, were (slightly) violated (see Table 8, Section 4.3). Although one
could argue that (almost all of) the sample sizes were large enough (i.e. well over 30) to rely
on the central limit theorem and, therefore, not worry too much about non-normality (see
Section 4.3), the non-parametric Kruskall-Wallis tests and follow-up analysis were performed
to see whether the results would confirm or disconfirm the results obtained from the
ANOVAs and corresponding follow-up analysis. Although non-parametric tests are generally
said to have less statistical power than parametric tests, this is only true when the sampling
data within groups is normally distributed (Field, 2018), which is not always the case in this
study (see Table 8, Section 4.3).
Fortunately, the results of the Kruskall-Wallis tests reinforced the results obtained from the
ANOVAs. Both testing techniques indicated a significant difference between generations with
regards to the component variables Need for action and Risk perception.
Suggested threshold values for r are as follows: a value for r of 0.10 represents a small effect, a value of 0.30
represents a medium effect and a value of 0.50 represents a large effect (Cohen, 1988).
15
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Regarding Need for action, the follow-up analysis on the respective ANOVA (i.e. post hoc
tests) showed that Generation 4 differs significantly from the other three generations. The
results of the follow-up analysis on the respective Kruskall-Wallis test (i.e. pairwise
comparisons and stepwise step-down procedure) aligned with this finding: the pairwise
comparisons partly confirmed it (Generation 4 was found to be significantly different from
Generation 1 and almost significantly different from Generations 2 and 3), and the stepwise
step-down procedure fully confirmed this finding by classifying Generation 4 in a different
subset than the other generations. As mentioned earlier, the p-value is adjusted (i.e. lowered)
when performing pairwise comparisons to ensure an overall Type I error rate of 5% despite
carrying out multiple tests. This results in the fact that the power of pairwise comparisons to
detect an effect is lower than that of the stepwise step-down procedure (Field, 2018).
Therefore, it can be concluded here that the results of the ANOVA with regards to Need for
action are confirmed by the Kruskall-Wallis test.
Regarding Risk perception, the follow-up analysis on the respective ANOVA (i.e. post hoc
tests) showed that Generation 4 differs significantly from Generations 1 and 2. The results of
the follow-up analysis on the respective Kruskall-Wallis test (i.e. pairwise comparisons and
stepwise step-down procedure) aligned with this finding as well: the pairwise comparisons
almost confirmed it (Generation 4 was almost found to differ significantly from Generation 1
(p = 0.066) and Generation 2 (p = 0.055)), and the stepwise step-down procedure fully
confirmed this finding by classifying Generation 4 in a different subset than Generations 1
and 2. Again, since the stepwise step-down procedure has more power than pairwise
comparisons, it can be concluded that the results of the ANOVA with regards to Risk
perception are confirmed by the Kruskall-Wallis test.
Hence, the results of this study suggest that people belonging to Generation 4 (i.e. people
aged 71 and older) perceive a lower Need for action in the face of glacier retreat than people
of younger generations. This is a difference in the cognitive area of attitudes. Moreover,
people belonging to Generation 4 (i.e. people aged 71 and older) have a lower Risk perception
with regards to glacier retreat than people belonging to Generation 1 (i.e. people of 15 to 30
years old) and Generation 2 (i.e. people of 31 to 50 years old). This is also a difference in the
cognitive area of attitudes. The generations were not found to differ in the affective and
behavioral domains of attitude.
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5. Discussion

This thesis study explored whether attitudes toward glacier retreat differ between generations.
Yet, the study’s results were not without uncertainties and shortcomings, and this could
provide suggestions for future research. All these things will be thoroughly discussed in this
chapter.
5.1 Presenting and discussing the study outcomes
The outcome of my study is twofold, namely (1) the answers to the research questions and (2)
a newly developed attitude survey. These outcomes are presented and discussed in a broader
context below.
5.1.1 Answers to the research questions
The main research question was: “Do attitudes toward glacier retreat differ between
generations in the Chamonix Mont-Blanc Valley?”. This overarching question can be
answered through answering the sub-questions.
The first sub-question (RQ1) was: “Do generations differ in their affect regarding glacier
retreat?”. Affect was measured by the two component variables Emotional anxiety and
Emotional indifference (see Figure 3 in Section 4.2). The results suggest no differences
between the generations on these two components. This means that generations probably do
not differ in their affect regarding glacier retreat. As presented in Table 7 (see Section 4.3),
the mean scores of the four generations of interest fell in the small range of 4.2186 to 4.4462
for Emotional anxiety, and 3.9535 to 4.1592 for Emotional indifference. 16
The second sub-question (RQ2) was: “Do generations differ in their behavior regarding
glacier retreat?”. Behavior was measured by one component variable, which was logically
called Behavior (see Figure 3 in Section 4.2). The results suggest no differences between the
generations on this component. This means that generations probably do not differ in their
behavioral responses and intentions regarding glacier retreat. As presented in Table 7 (see
Section 4.3), the mean scores of the four generations of interest fell in the small range of
3.3746 to 3.4113 for Behavior. 17
The third sub-question (RQ3) was: “Do generations differ in their cognition regarding glacier
retreat?”. Cognition was measured by the two component variables Need for action and Risk
perception (see Figure 3 in Section 4.2). The results suggest differences between the
generations on these two components. This means that generations probably do differ in their
cognition regarding glacier retreat. Specifically, the results of this study suggest that people
The mean of each component has a theoretical minimum of 1 and a theoretical maximum of 5, since each
component consists of items that were rated on a 5-point Likert scale. A low mean score on the components that
represent the affective domain of attitude (i.e. Emotional anxiety and Emotional indifference) represents a low
affective response to glacier retreat, whereas a high mean score on these components represents a high affective
response to glacier retreat.
17
A low mean score on the component that represents the behavioral domain of attitude (i.e. Behavior)
represents little behavioral response and little behavioral intentions with regards to glacier retreat, whereas a high
mean score on this component represents the opposite.
16
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belonging to Generation 4 (i.e. people aged 71 and older) perceive a lower Need for action in
the face of glacier retreat than people of younger generations. Moreover, people belonging to
Generation 4 seem to have a lower Risk perception with regards to glacier retreat than people
belonging to Generation 1 (i.e. people of 15 to 30 years old) and Generation 2 (i.e. people of
31 to 50 years old). As can be seen in Table 7 (see Section 4.3), the mean scores of the four
generations of interest fell in a wider range for Need for action and Risk perception than for
the other component variables (i.e. Emotional anxiety, Emotional indifference, and
Behavior). 18 The mean score of Generation 4 on Need for action was 3.4496, while the other
generations had a mean score of 3.8685 or higher. The mean score of Generation 4 on Risk
perception was 3.7628, whereas Generations 1 and 2 had a mean score of 4.1650 and 4.1526
respectively. These differences in means were found significant by the statistical tests (i.e. the
ANOVAs and the Kruskall-Wallis tests, see Chapter 4).
Now what does this all mean? How should one interpret this information and how do these
results fit in the broader context? To start, differences in attitude toward glacier retreat
between generations appear to be small, as attitudes probably only differ in the cognitive
domain. Still, this is important information as it reveals that older people seem to perceive less
need to act upon glacier retreat, via conservation, adaptation and risk mitigation measures,
and perceive less risks from glacier retreat than younger people do. This brings along some
practical implications that will be elaborated on later in this chapter. Yet, note that it is not the
case that the oldest generation (i.e. aged 71 and older) does not perceive any need for action
or any risks at all. Also the oldest generation scores 3.5 to 4 out of 5 on these dimensions (see
Table 7, Section 4.3). This indicates that a considerable level of cognition of glacier retreat (in
the sense of acknowledging the necessity of taking measures and the existence of associated
risks) is also present in the elderly people in the Chamonix Mont-Blanc Valley but just to a
lesser extent than in younger people. Moreover, each generation scored lower on the
component variable Behavior than on the other components (see Table 7, Section 4.3),
meaning that the translation of affective and cognitive responses to glacier retreat into actual
and intended behavior is somewhat slow in all generations.
Relating this to the broader context and literature is a bit challenging, because this study is the
first in trying to assess intergenerational attitudes toward glacier retreat specifically. However,
some lines can be drawn to other research findings in the broader domain of environmental
research. There have been some studies that investigated the relationship between age and
environmental attitudes, values and/or concern, though none of these was specifically using
the Tripartite Model of Attitude Structure (a.k.a. the ABC Model) as a basis for defining
‘attitude’. Nonetheless, the results are interesting to set next to the findings of this study.
Interestingly, there seems to be no consensus as to the link between age and environmental
attitudes. Tarrant & Cordell (1997), for instance, did not find age to have an influential role in
environmental attitudes. However, they merely compared people aged 44 years and older with
people that are younger, which is a very different conceptualization of ‘generations’ than was
used in my study. In addition, Koening (1975) and Constantini & Hanf (1972) also report that
environmental attitudes and age are not related. Opposing findings are reported by, for
A low mean score on the components that represent the cognitive domain of attitude (i.e. Need for action and
Risk perception) represents a low level of cognition of glacier retreat (in the sense of perceiving little need to act
upon and little risk associated with glacier retreat), whereas a high mean score on these components represents
the opposite.
18
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instance, Buttel (1979) who claims that “age has been the variable most closely and
consistently related to attitudinal indicators of environmental concern in the available
literature” (p. 237). Also Jones & Dunlap (1992) contend that age is one of the ‘social bases’
of environmental concern. Moreover, Van Liere & Dunlap (1980), who obtained their
findings by assessing several earlier studies toward environmental attitudes, state the
existence of a negative relationship between age and environmental attitude. Then, of course,
there are also several studies that remain inconclusive on the link between age and
environmental attitude (e.g. Arbuthnot & Lingg, 1975; Dietz et al., 1998; McEvoy, 1972).
Although my study’s findings do not indicate a strong difference in attitudes toward glacier
retreat between different generations, some effect has been found. Moreover, my results align
with the findings of Van Liere & Dunlap (1980), because also my results suggest that older
people have a weaker attitude, specifically in the cognitive domain, than younger people,
thereby suggesting a negative relationship between attitude toward glacier retreat and age.
A further interesting bridge to the literature that I stumbled upon, which is not so much
presented in the findings of this study but still rather interesting, is of a more qualitative
nature. During the fieldwork in the Chamonix Mont-Blanc Valley, many survey participants
of an older age mentioned the cyclical nature of glaciers. They pointed out that glaciers
around the valley had been small before the Little Ice Age (roughly 1300 to 1850) and that
glaciers have been through other periods of accumulation and recession. As such, they
expressed a belief that the growing and shrinking of glaciers is for a large part a natural
phenomenon. Indeed, as pointed out in Section 1.4, Brugger et al. (2013) found that some
people think that environmentalists have been exaggerating the issue of glacier retreat due to
this belief that glaciers will also naturally advance again. Interestingly and opposingly,
Haeberli (2008) emphasizes the detrimental human impacts by stating that “It is definitely no
longer a question of ‘variations périodiques des glaciers’. Formerly glacierized mountains
now becoming ‘black’, ‘dry’, and geomorphically unstable may increasingly be perceived as
primary testimony to general and very serious human impacts on the global environment.”
(Haeberli, 2008, p. 31). The fact that younger participants did not refer to the cyclical nature
of glacial growth and decline may indicate a stronger acknowledgement of the detrimental
human impact on glaciers by younger people than by older people. Though, it would be up to
future research to investigate whether this is indeed the case.
5.1.2 New research instrument: attitude survey
The second outcome of my study is the newly developed attitude survey, which could be used
in other attitude studies as well, be it in the field of glacier retreat or in another field of
interest (which would then require adjustment of the statements to fit to the topic of interest).
As explained in Section 3.1.1, the survey was composed largely of question items taken from
existing attitude surveys, which were adapted to fit to the topic of glacier retreat, and a few
question items were thought of by myself (see Appendix B). Developing a survey is not an
easy task, especially not in French as I must admit that I am not a native French speaker.
However, the pretesting considerably improved the language use of the survey and the
phrasing of some question items. The final survey (presented both in English and in French in
Appendix C), with some adjustments made, may be used as a research instrument in further
research.
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5.2 Limitations
This study was subject to several limitations, of which some more serious than others. A
major limitation to this study is that the sample was not random, since I explicitly endeavored
to collect responses from all different age groups using quota sampling (see Section 3.1.5).
Even though a non-random sampling method was necessary to collect enough participants of
ages spread evenly over the generations, the consequence is that the results of the statistical
analyses (i.e. ANOVAs and Kruskall-Wallis) may not be accurate. After all, these inferential
statistical tests assume random samples. Therefore, running these tests on a non-random
sample could possibly lead to inaccurate results. Especially in combination with the
familywise error rate that was present in this study (and which will be discussed shortly), this
makes that the results of this study should be interpreted with slight caution. Indeed, only
slight caution is needed, because the fact that both the ANOVAs and the Kruskall-Wallis tests
yielded similar results greatly increases the trustworthiness of the results (i.e. it is highly
likely that the results are in fact accurate).
A second limitation, which is present in almost every research project that endeavors to
investigate psychological constructs, is the uncertainty as to whether the data obtained
through the survey really reflect the participants’ true attitudes (or other psychological
construct). In survey research, participants do not always read the question items attentively
or may interpret the question items differently than intended, thereby (accidentally) providing
responses that do not reflect their true position on the matter. Moreover, so-called social
desirability bias, which is when respondents answer to the questions in a way that they think
will be approved of by others, may occur (Fisher, 1993). During the fieldwork, I sometimes
doubted whether people were answering the questions truthfully or whether they were paying
enough attention to the actual content of the question items. However, one cannot intervene
too much whilst respondents are completing the survey, due to the risk of steering (i.e.
influencing respondents in their answers). All measures that could have been taken to prevent
lack of attention, misinterpretation and social desirability bias were taken, including survey
pretesting, a clear survey cover page that emphasized the need for attentiveness and honesty,
and an oral repetition of these requests when approaching potential respondents in person.
Moreover, the survey included both positively and negatively/oppositely phrased items in
order to be able to check respondents’ consistency in their answers. These checks showed no
explicit reason to distrust the gathered data. Though, a disadvantage to using both positively
and negatively/oppositely phrased question items in a survey that employs a 5-point Likert
scale as response scale (totally disagree to totally agree), is that for the negatively/oppositely
phrased items people have to deal with double negation, which is hard to comprehend for
some people. I witnessed during the fieldwork how some people were able to cope with
double negation, whilst other were getting confused.
Another limitation was the constraints that rested upon the survey pretesting. As mentioned in
Section 3.1.2, the survey had to be pretested in French because that would be the language
that the survey would actually be distributed in during the fieldwork. However, this limited
me to a pretest sample that consisted of only native French-speaking students, which is not a
representative sample for the research population both in terms of age distribution and
intelligence. However, many useful comments and insights were gained from the cognitive
interviews held during the survey pretesting phase. This ensured a higher quality survey
before starting the fieldwork than would have been the case without the pretesting.
Furthermore, during the fieldwork I carefully observed the first participants while they were
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completing the survey and scanned their responses to be able to spot obvious problems with
the survey.
To continue, during the first step of the data analysis (i.e. the principal component analyses,
see Sections 3.2.2 and 4.2), I had to successively delete question items from the survey in
order to arrive at a satisfactory component structure. Of course, I did not randomly delete
items, but rather used statistical and non-statistical requirements to guide me in the process
(see Table 5, Section 4.2). However, this process inevitably involved a certain degree of
subjectivity and other researchers might have made other choices. Yet, I certainly made my
decisions carefully and as objectively as possible. Therefore, I strongly support the decisions I
made while conducting the PCAs and the final component structure that resulted from the
process (see Table 6, Section 4.2). The final component structure did include one component,
namely Need for action, with a Cronbach’s Alpha below the generally used threshold value of
0.7. However, as already explained in Section 4.2, values below 0.7 can suffice when working
with psychological constructs (Kline, 1999), as is the case in this thesis study. Moreover,
Cronbach’s Alpha will increase when the number of items on a scale increases (Field, 2018).
Since the component Need for action only contains four items, a slightly lower value for
Cronbach’s Alpha could logically be expected.
During the analysis of the component variables that were created based on the final
component structure (see Section 4.3), the extent to which the data fulfilled the assumptions
of ANOVA was checked. Not all assumptions were met, as there were some issues with
normality and outliers. As can realistically be expected with real-world data, the distribution
within groups (i.e. generations) did not always fulfill the requirement of normality and the
requirement of no outliers (see Table 8). However, since most sample sizes were considerably
larger than 30, concerns about non-normality could be somewhat put aside due to the central
limit theorem (see Section 4.3). The only sample that was not considerably larger than 30 was
the sample for Generation 4 (i.e. people aged 71 and older), which consisted of only 43
respondents. Therefore, whether it is wise to trust that one need not worry about nonnormality due to the central limit theorem could be seriously doubted in this case. In addition,
the problem of outliers could not be solved, because one cannot simply delete outliers for the
mere reason that they are outliers. These considerations made that I decided to not
immediately trust the results obtained from the ANOVAs, but rather perform the nonparametric Kruskall-Wallis testing method as well (which does not assume normal
distributions and the absence of outliers) to see to which extent these results would validate
the results of the ANOVAs. This considerably increased the internal validity and
trustworthiness of the results from my study, as was pointed out earlier.
From the above, another limitation emerges. This is the limited sample size for Generation 4,
especially compared to the sample sizes for the other three generations. However, it turned
out to be considerably more difficult to gather respondents in this age category (i.e. 71 and
older). One reason why it was harder to get access to this age group is that people within this
age group tend to go out of their homes much less than people of younger ages. I spent several
days going from door to door, but of course I could not predict beforehand the age of the
residents of a house. Moreover, I visited the one retirement home in the valley, but I was
denied access because the people there were really in a bad state of health and, therefore,
incapable to participate in a survey. Unfortunately, the willingness of those people in this
particular age group who were capable to participate to the survey also turned out to be lower
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than that of people of younger generations. As such, a sample size of 43 is still a neat
accomplishment within the time constraints of the fieldwork and enough effort was expended
on trying to reach as many respondents in this age category as possible. Yet, when looking at
the results of my study, they all involve a difference between Generation 4 and other
generations. Perhaps if the sample size for Generation 4 would have been larger, the results
would have been different.
A further point important to mention, is the fact that a total of ten tests were performed on the
data, namely one ANOVA and one Kruskall-Wallis test for each of the five component
variables (i.e. Emotional anxiety, Emotional indifference, Behavior, Need for action, and Risk
perception). This gives rise to a familywise error rate, as mentioned earlier, which is the
inflated risk of making a Type I error (i.e. falsely rejecting the null hypothesis, and thus
wrongly concluding that there is an effect in the research population) due to conducting a
family of statistical tests (Field, 2018). One way to deal with the familywise error rate is to
employ a stricter significance level of 1%, instead of the commonly used 5% significance
level. Since this is very strict and would make that some results of this study would no longer
be deemed significant, I have decided not to do so and use a significance level of 5% as is
commonly done in most research. However, the results with regards to the component
variable Need for action were significant at the 1% level, thus the chance of making a Type I
error was indeed very low. The results with regards to the component variable Risk perception
were less significant: the p-value for ANOVA was 0.036 (i.e. a significance level of 3.6%)
and the p-value for the Kruskall-Wallis test was 0.048 (i.e. a significance level of 4.8%). As
such, the results for Risk perception should be interpreted with more caution than the results
for Need for action.
Finally, a small point also worthy of mention is that the distributions within groups (i.e.
generations) should be similar for the Kruskall-Wallis test if one wishes to report results about
the median, which is generally more easily interpretable for the reader. However, in the case
of this study, the distributions within groups were not similar and, therefore, only results
about the mean rank could be reported, which is harder to interpret for the reader and thus
calls for a bit more caution on the part of the reader.
5.3 Suggestions for future research
As was mentioned in the previous section, the sample size for Generation 4 (i.e. people aged
71 and older) was considerably smaller than the sample sizes for the other generations, due to
the fact that it was harder to reach respondents belonging to this specific generation. As such,
it would be worthwhile to collect more data for this generation (i.e. find more respondents),
because having more equal sample sizes would enhance the precision and internal validity of
the results of this study, and perhaps it may alter the conclusions drawn regarding the
differences in attitudes toward glacier retreat between generations.
A further suggestion for future research is to investigate how other independent variables
besides age and attitudes toward glacier retreat (or possibly other environmental issues) are
related. After all, Huggel, Haeberli & Kääb (2008) stated that “that factors such as lack of
resources and poverty, ethno-religious tradition, distrust of the authorities, ignorance of risk,
and economic dependence on tourism may influence the perception of risk in high-mountain
regions. However, this list of factors may not present a complete picture of the conditions
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governing the response of the local population and the authorities to glacial hazards” (in
Orlove et al., 2008, p. 78-79). Thus, examples of other independent variables and their
relationship with attitude toward glacier retreat that could be explored include gender,
education, religion, wealth/income, political orientation, and occupation, among others. In
addition, traditional alpine communities sometimes can resist collaboration on the issue of
glacier retreat, proposed adaptation measures and required behavioral changes (Gagné et al.,
2014; Hill et al., 2010; Huggel, Haeberli & Kääb, 2008). Indeed, my results indicate a
somewhat slow translation of affect and cognition into (real and intended) behavior for all
generations (see Section 5.1.1). More research toward the extent and causes of this
phenomenon, taking the variables mentioned above into consideration, could be fruitful.
Furthermore, this study could be conducted in a different research location. This thesis
research project was a cross-sectional study conducted in the Chamonix Mont-Blanc Valley,
France. It would be interesting to perform the same research at other study sites relevant to the
topic to see if similar results are found.
In addition, a qualitative study could follow up on this more quantitative study to gain more
insight into the why behind the results of this study. For instance, conducting interviews could
uncover the reasons why people aged 71 and older seem to perceive less of a need to act upon
and less risks associated with glacier retreat.
A last suggestion for future research is to validate the research instrument (i.e. the attitude
survey) that was developed for this study by means of confirmatory factor analysis (CFA). Of
course, this should be done using only the 26 question items that remained (see Table 6), and
with one of the items that was originally used to measure affect slightly reformulated and
shifted to the section of the survey that contains items to measure cognition (see Section 4.2).
If the survey instrument is proven to be a valid instrument with which to measure attitudes
toward glacier retreat, it could potentially be used in other attitude studies as well.
5.4 Practical implications
The results, which indicate a different cognition in the sense of a lower perceived need to act
upon and less perceived risks associated with glacier retreat among people aged 71 and older
(i.e. Generation 4), are relevant for local authorities and organizations in mountain regions.
This finding could be explained by a relatively lower level of understanding and awareness of
the consequences and risks of glacier retreat on the part of this generation, meaning that any
awareness raising campaigns on the issue should potentially be targeting especially people
belonging to this generation. Moreover, if local authorities and/or organizations in mountain
regions would want to mobilize local community members for conservation and/or risk
mitigation activities regarding glacier retreat, then the younger generations (i.e. people aged
70 and younger) are probably more likely to be willing to cooperate (putting aside any
physical considerations) and provide public support to such initiatives. Yet, it should be kept
in mind that differences were not so great that elderly (71 and older) do not perceive any need
for action or any risks at all when it comes to glacier retreat, merely that they perceive this to
a lesser extent than younger people. On a scale from 1 to 5, also the elderly (71 and older)
score 3.5 to 4 out of 5 regarding the need for action and the risks that they perceive in relation
to glacier retreat, meaning that also in this age group in the local community of the Chamonix
Mont-Blanc Valley it is likely that social support for adaptation and mitigation planning and
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strategies can be found. This is good news for local authorities and organizations concerned
with the health of glacier and mountain ecosystems that seek to address the issue of glacier
retreat in an integrated way (i.e. in cooperation with different stakeholders, including the local
population). The insights gained in my study into intergenerational attitudes toward glacier
retreat can contribute to developing such an integrated approach.

6. Conclusions

The answer to the main research question of whether attitudes toward glacier retreat differ
between generations in the Chamonix Mont-Blanc Valley is that the attitudes toward glacier
retreat probably differ somewhat between generations. The results of this study suggest that
people of 71 years and older (i.e. Generation 4) have a different cognition of glacier retreat
than people of younger generations (i.e. Generations 1, 2, and 3). Specifically, they perceive a
lower need to act upon glacier retreat and they perceive less risks resulting from glacier retreat
than the younger generations do. No differences were found in the affective and behavioral
domains of attitude (see Sections 4.4, 4.5, and 5.1.1 for more detail).
Besides providing a comprehensive answer to the research questions of interest, another result
of this study is the research instrument (i.e. survey) to measure attitudes. The survey that was
made for this study, without the items that were deleted and with one item slightly
reformulated and moved to another section of the survey (see Section 4.2), could be validated
in future research in order to establish its applicability and usability in future attitude studies
on glacier retreat or even other topics. Moreover, future research could gather more data for
the older generation (i.e. aged 71 and over), take different independent variables instead of
age from which to study attitudes toward glacier retreat, take a different research location, and
investigate the reasons behind the differences in attitudes that appeared from this study
through qualitative methods.
The results are of practical use for local authorities and organizations in mountain regions,
because they provide valuable insights into the attitudes toward glacier retreat of different
generations in the society of the Chamonix Mont-Blanc Valley. This is important information
if (local) authorities and organizations wish to devise effective action programs regarding
glacier retreat by taking an integrated approach (i.e. cooperate with stakeholders, including
the local community). In addition, the results indicate that any awareness raising campaigns
about glacier retreat should probably especially be targeting community members aged 71 and
older. Furthermore, without considering any physical aspects, it is probably more fruitful to
mobilize local community members who are aged 70 and younger for conservation and/or risk
mitigation activities regarding glacier retreat. After all, they are more likely to be willing to
cooperate and provide public support since they seem to perceive more risks related to glacier
retreat and a higher need for action. However, I do not claim that social support for
conservation and adaptation/mitigation initiatives cannot be found among people aged 71 and
older, because also they do seem to have a fair cognition of the need to act upon and the risks
associated with glacier retreat but merely to a lesser extent than younger people. This is good
news for (local) authorities and organizations, because broad social support for adaptation and
mitigation planning in the face of glacier retreat can likely be found. This paves the way for
developing an integrated approach (i.e. including local society) to dealing with the issue of
glacier retreat.
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Appendices
Appendix A: Study location

Main villages:

Servoz, Les Houches, Chamonix, Argentières, Vallorcine
Glaciers east-side of valley:

Glacier de la Griaz
Glacier du Bourgeat
Glacier de Taconnaz
Glacier des Bossons
Glacier Rond
Glacier de Pélerins
Couloir Gervasutti
La Vallée Blanche
Glacier du Géant
Glacier d’Envers du Plan
Glacier de Blaitière
Glacier des Nantillons
Glacier d’Envers de Blaitière
Glacier du Tacul
Glacier des Périades
Glacier de Mont Mallet
Glacier de Leschaux
Mer de Glace
Glacier de Pierre Joseph
Glacier du Moine
Glacier de Talèfre
Glacier de la Charpoua
Glacier du Nant Blanc
Couloir Couturier
Glacier de Lognan

Glacier des Rognons
Glacier d’Argentière
Glacier du Tour Noir
Glacier des Améthystes
Glacier du Milieu
Glacier du Chardonnet
Glacier du Tour
and a few very small ones

Glaciers on west-side of valley:
Glaciers de la Floria
Glacier Blanc
Glacier de Bérard
Glacier d’Anneuley
Glacier de Beugeant
Glacier de Tré-les-Eaux
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Appendix B: Survey question items adapted from already existing surveys
Attitude element

Survey question item

Affect

“I feel people worry too much
about glacier retreat.”

Behavior

Adapted from
(authors)
Maloney, Ward &
Braucht (1975)

“It frightens me to think that
the glaciers around this valley
are melting.”

Maloney, Ward &
Braucht (1975)

“I feel indifferent to the
statement: "The glaciers will
be gone in 40 years if we don't
find ways to conserve them”."

Maloney, Ward &
Braucht (1975)

“I get depressed when I think
of glacier retreat.”
“I get upset when I imagine
the Chamonix Mont-Blanc
valley without glaciers.”

Maloney, Ward &
Braucht (1975)
Maloney, Ward &
Braucht (1975)

“The whole glacier retreat
issue has never upset me.”

Maloney, Ward &
Braucht (1975)

“I rarely ever worry about the
effects of glacier retreat on
myself and my family.”

Maloney, Ward &
Braucht (1975)

“Glacier retreat does not scare
me at all.”
“I want to contribute to glacier
conservation activities.”

Teo (2004)

“I would probably not join a
group or association which is
concerned with glacier
retreat.”

Maloney, Ward &
Braucht (1975)

“I would donate to a
foundation to help combat
glacier retreat.”

Maloney, Ward &
Braucht (1975)

“I would be willing to write
the local authorities weekly
concerning the issue of glacier
retreat.”

Maloney, Ward &
Braucht (1975)

“I would not go door to door
to inform people about glacier
retreat.”
“I would not be willing to pay
a glacier tax, even if it would

Cheung (2009)

Maloney, Ward &
Braucht (1975);
Scott & Willits (1994)
Maloney, Ward &
Braucht (1975)
Maloney, Ward &
Braucht (1975)

Original question item
“I feel people worry too
much about pesticides on
food products.”
“It frightens me to think
that much of the food I
eat is contaminated with
pesticides.”
“I feel fairly indifferent
to the statement: “The
world will be dead in 40
years if we don’t remake
the environment”.”
“I get depressed on
smoggy days.”
“The whole pollution
issue has never upset me
too much since I feel it’s
somewhat overrated.”
“The whole pollution
issue has never upset me
too much since I feel it’s
somewhat overrated.”
“I rarely ever worry
about the effects of smog
on myself and my
family.”
“Using a computer does
not scare me at all.”
“If I had a chance, I
would do a project in
chemistry.”
“I would probably never
join a group or club
which is concerned
solely with ecological
issues.”
“I would donate a day’s
pay to a foundation to
help improve the
environment.”
“I’d be willing to write
my congressman weekly
concerning ecological
problems.”
“I have never written a
congressman concerning
the pollution problems.”
“I probably wouldn’t go
house to house to
distribute literature on
the environment.”
“I would not be willing
to pay a pollution tax
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considerably help to conduct
glacier conservation and risk
mitigation activities.”
“I plan to contact a group or
association to find out what I
can do about glacier retreat.”
“I would attend a meeting
about glacier retreat.”

Maloney, Ward &
Braucht (1975);
Scott & Willits (1994)
Maloney, Ward &
Braucht (1975);
Scott & Willits (1994)
Scott & Willits (1994)

“I inform myself about glacier
retreat.”
“I would avoid taking a job if
I knew the work was related to
glacier conservation.”

Cognition

Maloney, Ward &
Braucht (1975);
Scott & Willits (1994)
Teo (2004)

even if it would
considerably decrease the
smog problem.”
“I have contacted a
community agency to
find out what I can do
about pollution.”
“I have never attended a
meeting related to
ecology.”
“I have attended a
meeting of an
organization specifically
concerned with bettering
the environment.”
“I subscribe to ecological
publications.”
“I would avoid taking a
job if I knew it involved
working with
computers.”
“I’m not interested in
contracting credit card
issuers.”
“Overall, applying gene
technology to produce
food products involves
considerable risk to the
environment, myself and
other people that are
important to me.”
“Applying gene
technology in food
production will cause
environmental hazards.”
“Genetically modified
food products are a threat
to human health.”
“I do not know the long
term consequences of
consuming this beer.”
“Applying gene
technology in food
production is a necessary
activity.”

“I am not interested in
learning more about glacier
retreat.”
“Overall, I believe that glacier
retreat involves considerable
risks to the environment,
myself and other people that
are important to me.”

Xiao, Noring &
Anderson (1995)

“I think that glacier retreat
will cause environmental
catastrophes.”

Bredahl (2001)

“I believe that glacier retreat is
a threat to humans.”

Bredahl (2001)

“I believe that I know what the
long term consequences of
glacier retreat are.”
“I believe that actions are
necessary in order to slow
down glacier retreat.”

Bredahl (2001)

“I think it is important that
people understand the causes
and the consequences of
glacier retreat.”
“I think that glacier retreat
will affect people’s lives.”

Cheung (2009)

“People must understand
chemistry because it
affects their lives.”

Cheung (2009)

“I believe that glaciers will
soon be gone if things
continue on their present
course.”

Dunlap et al. (2000)

“People must understand
chemistry because it
affects their lives.”
“If things continue on
their present course, we
will soon experience a
major ecological
catastrophe.”

Bredahl (2001)

Bredahl (2001)
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“I believe that we will find
ways to avoid the
disappearance of glaciers.”

Dunlap et al. (2000)

“The problem of glacier
retreat has been greatly
exaggerated.”

Dunlap et al. (2000)

“I think that glacier retreat is
undesirable.”

Xiao, Noring &
Anderson (1995)

“Human ingenuity will
insure that we do NOT
make the earth
unlivable.”
“The so-called
“ecological crisis” facing
humankind has been
greatly exaggerated.”
“Using credit cards is a
very desirable practice.”

In addition to the survey question items that were adapted from items out of already existing
attitude surveys, I formulated a few survey question items myself:
•

Affect:
o “I feel concerned about glacier retreat.”
o “I care about glacier retreat.”

•

Behavior:
o “I would stop practicing mountain sports that have a negative effect on the
glaciers.”

•

Cognition:
o “I am of the opinion that the municipality should spend less money on
organizing social events in order to have more funds available for glacier
conservation.”
o “I believe there is nothing we can do to save the glaciers.”
o “We should not invest in glacier conservation measures, but rather in
adaptation and security measures regarding the consequences of glacier
retreat.”
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Appendix C: Final survey (in French as used during fieldwork and translation)
French version:
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English version:
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Appendix D: Cognitive interviews for survey pretesting
Cognitive interview protocol:

Questions before starting the survey:
- Can you please think out loud whilst completing the survey?

Question during the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007)

Questions after the survey:
- What do you think of the language use in the survey? Was the French of good level?
- What do you think of the level of difficulty of the questions in the survey?
- What do you think of the length of the survey?
- Was the survey interesting?
- Did you have problems with staying focused as you progressed through the survey?
- Is the layout of the survey clear?
- Was the cover letter clear? Did it entice you to participate in the survey?
- Do you have any further comments or questions?
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Pretest 1:
14 January 2019, 15:00-17:00
Forum building, Wageningen University

Questions asked:
Before starting the survey:
- Can you please think out loud whilst completing the survey?
During the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007): e.g.
- What does that word (e.g. retraite, ingénuité, etc.) mean to you?
- Does that confuse you? Why?
- Would you understand it better if it is phrased differently?
- Does the length of that statement make it hard for you to understand it properly?
After the survey:
- What do you think of the language use in the survey? Was the French of good level?
Answer: Yes, except for the mistakes that the respondent pointed out, she thought
the level of French and the language use was sufficiently good and understandable.
- What do you think of the level of difficulty of the questions in the survey?
Answer: Good
- What do you think of the length of the survey?
Answer: Good
- Was the survey interesting?
Answer: Yes
- Did you have problems with staying focused as you progressed through the survey?
Answer: No
- Is the layout of the survey clear?
Answer: Yes, very clear, very readable.
- Was the cover letter clear? Did it entice you to participate in the survey?
Answer: Yes, it did catch the attention of the respondent and made her curious about
the survey.
- Do you have any further comments or questions?
Answer: The respondent indicated that it would be nice to have more information at
the end, because otherwise the survey just ends like that and there is no real follow-up.
So maybe refer to further sources of information that people can look up in case they
have gotten curious about the topic of glacier retreat and want to learn more.
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Pretest 2:
15 January 2019, 15:00-16:00
Forum building, Wageningen University

Questions asked:
Before starting the survey:
- Can you please think out loud whilst completing the survey?
During the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007): e.g.
- Does the overlap between some statements, as you noticed there is, bother you?
- Does that confuse you? Why?
- Would you understand it better if it is phrased differently?
- Does the length of that statement make it hard for you to understand it properly?
- Does that word bother you?
After the survey:
- What do you think of the language use in the survey? Was the French of good level?
Answer: Yes, only a few minor mistakes. However, from the cover letter she can tell
that it was written by a non-native French speaker. The message is clear though, so
it is not bothersome and it does not interfere with her willingness to proceed to the
survey.
- What do you think of the level of difficulty of the questions in the survey?
Answer: Good
- What do you think of the length of the survey?
Answer: Good, but it should not be any longer.
- Was the survey interesting?
Answer: Yes
- Did you have problems with staying focused as you progressed through the survey?
Answer: No
- Is the layout of the survey clear?
Answer: Yes, very clear, very readable.
- Was the cover letter clear? Did it entice you to participate in the survey?
Answer: Yes, the respondent found it cute the way it was written due to the apparent
authorship of a non-native French speaker, but it does convey the message clearly and
did make the respondent want to continue to the survey.
- Do you have any further comments or questions?
Answer: The respondent indicated that it would be nicer if the cover letter was written
first person instead of third person. Moreover, she said that she would be curious about
the results of the study, so maybe there should be a place where participants can leave
their email address so that the final report can be sent to them.
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Pretest 3:
16 January 2019, 9:00-9:45
Forum building, Wageningen University

Questions asked:
Before starting the survey:
- Can you please think out loud whilst completing the survey?
During the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007): e.g.
- Does that confuse you? Why?
- Would you understand it better if it is phrased differently?
- Does the length of that statement make it hard for you to understand it properly?
- Does that word bother you?
- Is the negative phrasing op this statement a problem for you?
After the survey:
- What do you think of the language use in the survey? Was the French of good level?
Answer: Yes, just some minor mistakes, such as a missing word.
- What do you think of the level of difficulty of the questions in the survey?
Answer: It’s easy.
- What do you think of the length of the survey?
Answer: Appropriate.
- Was the survey interesting?
Answer: Yes, but it’s a bit repetitive.
- Did you have problems with staying focused as you progressed through the survey?
Answer: No, that was okay.
- Is the layout of the survey clear?
Answer: Yes, very nice layout.
- Was the cover letter clear? Did it entice you to participate in the survey?
Answer: Yes. The respondent indicated that the cover letter clearly showed the
purpose of the research.
- Do you have any further comments or questions?
Answer: At the last statement given in Q7 there is the risk of making an automatic
mistake, because people might be quick to read it as if it says that they would avoid
a job when they know the job is detrimental to glaciers.
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Pretest 4:
16 January 2019, 13:00-14:00
Forum building, Wageningen University

Questions asked:
Before starting the survey:
- Can you please think out loud whilst completing the survey?
During the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007): e.g.
- Does the lack of specificity that you notice in this question bother you in any way?
- Would you understand it better if it is phrased differently?
- Does that word bother you?
- Is the negative phrasing op this statement a problem for you?
After the survey:
- What do you think of the language use in the survey? Was the French of good level?
Answer: Yes, only a few small mistakes.
- What do you think of the level of difficulty of the questions in the survey?
Answer: It’s very easy.
- What do you think of the length of the survey?
Answer: Good.
- Was the survey interesting?
Answer: Probably, the respondent is in general not very interested in filling in surveys.
- Did you have problems with staying focused as you progressed through the survey?
Answer: No.
- Is the layout of the survey clear?
Answer: Yes, the layout is good, but perhaps there could be a line or some more blank
space between the statements to make it more clear where one statement ends and the
other starts.
- Was the cover letter clear? Did it entice you to participate in the survey?
Answer: Yes, it is clear, but it is a bit long. Therefore, the respondent indicated that the
she did not read it very attentively. However, the respondent cannot point out
anything in the cover letter that is redundant.
- Do you have any further comments or questions?
Answer: Sometimes it is hard to decide whether to go for ‘strongly agree’ or for
‘agree’. Therefore, the respondent ended up doing this intuitively, but she is not able
to explain why she’d go for one option at some places and for the other option at other
places. Therefore, it is good that it is only a 5-point answer-scale and not a 7-point
answer-scales, because then it would be even more difficult to find ones position with
regards to a statement.
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Pretest 5:
21 January 2019, 16:00-17:20
Forum building, Wageningen University

Questions asked:
Before starting the survey:
- Can you please think out loud whilst completing the survey?
During the survey:
- Spontaneous or emergent probes (Beatty & Willis, 2007): e.g.
- Do the capital letters distract you?
- Why does it confuse you?
- Does that word bother you?
- Do you find that question (question 8) offensive?
- Why do you think that people will answer in a way that makes them look good?
After the survey:
- What do you think of the language use in the survey? Was the French of good level?
Answer: Yes.
- What do you think of the level of difficulty of the questions in the survey?
Answer: Good. It’s understandable also for younger people and for older people.
- What do you think of the length of the survey?
Answer: Good.
- Was the survey interesting?
Answer: Yes, especially the additional information sources that are given in the end
are interesting, because people can follow up on the topic.
- Did you have problems with staying focused as you progressed through the survey?
Answer: No.
- Is the layout of the survey clear?
Answer: Yes, the layout is fine, but there are a few small points. The capital letters
in some statements that indicate that the statement is phrased negatively make the
statement seem too negative and thereby make people hesitant to honestly say that
maybe they do indeed not care. Also, the sentence that introduces each part of the
survey could have a bigger font size, because I skipped over them at first. I only read
them when I went through your survey again. And the column in which the statements
are written could be broader, so that the statements don’t look as long as they do now.
- Was the cover letter clear? Did it entice you to participate in the survey?
Answer: Yes, but it is quite long. When someone is filling it out online then there is
more time probably, so it does not matter so much. However, when someone fills it
out in the street, they might feel like skipping it over, because they do not feel like
they have the time to read it (e.g. when they’re in a bit of a rush). However, when you
approach people and have told them about the point of the survey, you could just tell
them to only read the last two paragraphs of the cover letter, and then it’s okay.
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- Do you have any further comments or questions?
Answer: A few things:
•

•

•

•
•

•

•

•
•
•
•

At question 1 everybody will say yes I think. So maybe change it to
something like “What is your favorite aspect of Chamonix?”. That might be more
interesting.
There is some repetition in statements. I get why you do that, because it enables
you to check whether people are filling it in seriously, but now the repetitions are
very close together so it can give the impression that you did not put a lot of effort
in making the survey. So, place similar statements further apart or remove them.
Mention what will happen with the data. So what will they be used for. This may
increase people’s willingness to participate, because it provides a bigger sense of
purpose.
Mention whether the survey and its questions are about the issue of glacier retreat
in the local area of Chamonix or whether you mean it more global.
The second statement of question 10 is a bit vague, because what is the cost of
glacier conservation? Maybe you can better say something like “Would you be
willing to give up X (e.g. some sort of public service that is currently provided) in
order to have more public funds available for glacier conservation activities?”.
This is just a suggestion.
French people tend to be quite negative and fatalistic. Many people in France
think that it is too late to save the planet and to stop climate change anyway, so
they don’t see the point of trying to do so. So maybe you can ask a question in the
sense of “Do you think it is still worthwhile to invest in glacier conservation or do
you think it is too late anyway?”, something like that.
At question 13 I think you should add a category called “seasonal work”, because
many people are only in Chamonix for the season and outside the season they
might have a different profession.
French people do not like to talk about money, so maybe in question 8 you should
not ask for numbers but for a percentage of their salary or leisure money.
Perhaps people would like to see the results of your study, so maybe you can ask
if they would like (a summary) of the final report.
You can add some space where people can write down anything that they would
like to say about the topic.
Be very clear to people when you approach them that you are not working for
some organization and collecting money! People in France often think that when
they are approached by someone in the street.
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Appendix E: Logbook of fieldwork (March 1 – March 20)
Day

Place

Time

Strategy

No. of
surveys
collected

1/3/2019

ChamonixMontBlanc
ChamonixMontBlanc

13:00-19:00

- Approach in
shop/hotel/restaurant/museum/bar/etc.

14

No. of
email
addresses
collected
9

8:30-19:00

30

3

Les
Houches
Les
Houches

12:30-19:30

16

0

2

16

ChamonixMontBlanc

10:30-19:00

5/3/2019

ChamonixMontBlanc

8:30-18:30

6/3/2019

Les
Houches

8:30-14:00

ChamonixMontBlanc
Les
Houches
ChamonixMontBlanc

14:30-18:00

ChamonixMontBlanc
Le Tour
Argentière

8:30-12:30

- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street
- Retrieve surveys left behind
- Door to door
- Approach in the street
- Door to door
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Ask random students at local high
school
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Retrieve surveys left behind
- Door to door
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Retrieve surveys left behind
- Approach in the street
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Retrieve surveys left behind
- Approach in the street
- Approach in the street
- Retrieve surveys left behind

0
9

ChamonixMontBlanc
Les
Bossons
ChamonixMontBlanc

8:30-18:00

- Door to door
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Door to door
- Approach in the street
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street
- Door to door
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street

2/3/2019

3/3/2019
4/3/2019

7/3/2019

8/3/2019

9/3/2019
10/3/2019
11/3/2019

8:30-10:00

18:30-19:00
9:00-18:30

13:15-14:30
15:00-18:30

13:00-19:00
8:30-10:30

31

25

28

16

13

6
1
22

19

5

11

21

3

6

3

3

16
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12/3/2019

13/3/2019

14/3/2019

15/3/2019

16/3/2019

17/3/2019
18/3/2019

Les Praz

11:00-16:00

- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Door to door
- Door to door

8

Les
Bossons
ChamonixMontBlanc
ChamonixMontBlanc
Les
Houches

17:00-17:30

- Trip to Mer de Glace with the
Montenvers train (invitation from
employees met in a bar the day before)
- Approach in
shop/hotel/restaurant/museum/bar/etc.

0

- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Door to door
- Door to door
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in
shop/hotel/restaurant/museum/bar/etc.

6

Servoz

13:00-18:30

Les
Houches
ChamonixMontBlanc
Les
Houches

9:00-13:00

- Approach in
shop/hotel/restaurant/museum/bar/etc.
- Approach in the street
- At a school (École des Physiques)
- Approach in
shop/hotel/restaurant/museum/bar/etc.

5

0

ChamonixMontBlanc
Les
Houches
ChamonixMontBlanc
Valley

11:00-15:00

1

6

15:30-17:00

- Door to door

1

14:00-17:00

- Retrieve surveys left behind
- Approach in
shop/hotel/restaurant/museum/bar/etc.
Hiking from Les Houches to Chamonix,
from Argentière to Chamonix along the
river
Collected 1 survey in a store in
Chamonix-Mont-Blanc

2

2

1

2

0

0

0

8:00-15:00
15:00-18:00
8:30-12:30

13:30-17:30
9:30-18:00

10:00-17:00

18:00-22:30
19/3/2019

20/3/2019

Italy Aosta
Valley
&
ChamonixMontBlanc
Valley
Les
Houches
ChamonixMontBlanc
Valley

9:30-19:00

Dinner at French lady’s (Helga) house on
invitation
Snow hiking on snow plane in Val
d’Aosta in Italy (on invitation)

1
2

3
3

13
3

20

5

Some hiking in Chamonix Valley

10:00-12:00

- Door to door

2

12:00-17:00

Hiking and relaxing

0

18:00
Departure!!

81

82

83

Etc.
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Appendix F: Output Kruskall-Wallis tests

Generations differ on Need for action
(H(3) = 12.613, p=0.006)
and on Risk perception (H(3) = 7.924,
p=0.048).

Figure F.1: Output Kruskall-Wallis tests

Follow-up analysis: Pairwise comparisons
Need for action:

According to the pairwise comparisons, generation 4 differs from
generation 1 (std. test statistic = 3.546, adj. sig.=0.002).

Figure F.2: Output pairwise comparisons for component variable ‘Need for action’
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Table F.1: Effect sizes for pairwise comparisons for ‘Need for action’
(Values for z were retrieved from Figure F.2)
(Values for N were retrieved from Table 7: Descriptive statistics of component variables)

Comparison
generation 4 vs.
generation 3
generation 4 vs.
generation 2
generation 4 vs.
generation 1
generation 3 vs.
generation 2
generation 3 vs.
generation 1
generation 2 vs.
generation 1

z
2.375
2.551
3.546
0.157
1.542
1.444

NEED FOR ACTION
√N
√(43+94)=
11.70
√(43+109)=
12.33
√(43+78)=
11.00
√(94+109)=
14.25
√(94+78)=
13.11
√(109+78)=
13.67

r
0.203
0.207
0.322
0.011
0.118
0.106

Risk perception:

Figure F.3: Output pairwise comparisons for component variable ‘Risk perception’

According to the pairwise comparisons, generations do not differ from each other.
However, there is almost a significant difference between generation 2 and 4 (std.
test statistic = 2.605, adj. sig.=0.055) and between generation 1 and 4 (std. test
statistic = 2.542, adj. sig. = 0.066). (These generations differ from each other with
regards to Risk perception according to Bonferroni and the Games-Howell
procedure).
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Table F.2: Effect sizes for pairwise comparisons for ‘Risk perception’
(Values for z were retrieved from Figure F.3)
(Values for N were retrieved from Table 7: Descriptive statistics of component variables)

Comparison
generation 4 vs.
generation 3
generation 4 vs.
generation 2
generation 4 vs.
generation 1
generation 3 vs.
generation 2
generation 3 vs.
generation 1
generation 2 vs.
generation 1

z
1.962
2.605
2.542
0.757
0.787
0.096

RISK PERCEPTION
√N
√(43+93)=
11.67
√(43+110)=
12.37
√(43+78)=
11.00
√(93+110)=
14.25
√(93+78)=
13.08
√(110+78)=
13.71

r
0.168
0.211
0.231
0.053
0.060
0.007

Follow-up analysis: Stepwise step-down procedure
Need for action:

According to the stepwise step-down
procedure, generation 4 is a different
subset from the other generations.

Figure F.4: Output stepwise step-down procedure for
component variable ‘Need for action’
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Risk perception:

According to the stepwise step-down
procedure, generation 4 is a different
subset from generation 1 and 2. The
result is ambiguous with regards to
generation 3, as this generation could
apparently either belong in a subset with
generation 4 or in a subset with
generations 1 and 2.

Figure F.5: Output stepwise step-down procedure for
component variable ‘Risk perception’
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