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ABSTRACT

Geothermal energy provides an opportunity for sustainable energy supply. Nevertheless,
some local geothermal energy projects face public opposition. To understand public
acceptance or rejection of technologies, appropriate methods need to be applied
depending on the project phase. This is exemplified for geothermal energy, for which an
exploratory, qualitative study was conducted which uncovered laypeoples’ mental
models by assessing picture, word and colour associations on geothermal energy.
Participants (N = 79) were asked for their associations on geothermal energy, as well as
its general acceptance. The results revealed insights into cognitive conceptions as well as
possible misconceptions. It could also be shown that participants’ evaluation of
associations in terms of positive emotions correlated positively with geothermal energy
acceptance. The study verifies that assessing mental models can be valuable in early
phases of understanding public acceptance, as acceptance-relevant criteria and topics to
be addressed can be identified in order to adequately respond to people’s concerns.
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INTRODUCTION

Playing a marginal role among the renewable energies in Germany so far, geothermal
energy projects continue to be installed in various regions of Germany, mostly along the
North German Basin, the Molasse Basin (Southern Germany), or along the Upper Rhine
Graben [1]. These projects are often accompanied by protests of local citizens, who argue
against the projects. Their concerns include, for example, fear of earthquakes or dangers
for the environment [2]. Also, some complain to be left uninformed about particular
project details [3], or have little trust in the developers of the project concerning potential
risks [4].
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Geothermal energy projects thus face similar opposition like other energy-related
infrastructures, such as wind parks [5] or new transmission lines [6]. As discussed in [7],
there is a need for further experimental research to complement qualitative studies on the
acceptance of renewables energies. Meanwhile, there exists a rich body of literature on
the acceptance of renewable energies in general and geothermal energy in particular.
While there is already a profound knowledge across different energy-related technologies
with regard to wunderstanding the causes of opposition, the influence of
acceptance-increasing measures is yet to be researched in the same depth [8]. It is
advocated that beyond mere acceptance or rejection of energy-related infrastructure,
other relations of people with this infrastructure need to be examined [9]. It is further
argued that these should go beyond the Not-In-My-BackYard (NIMBY) effect and
instead view renewable energy production as embedded in the complex
socio-psychological context of social change [10].

Concerning, more specifically, geothermal energy, water usage and seismic activities
due to drilling have been identified as possible barriers to widespread acceptance [11].
Resulting from first studies on the perception of this technology, it is concluded that
especially risks and disadvantages should be addressed in the communication about
geothermal energy [12]. Further studies confirmed a lack of knowledge in the public and
underlined the need for dialogue and communication strategies [13].

Many of the studies on renewable energy acceptance are either qualitative case
studies (e.g., [14, 15]) or based on large-scale surveys (e.g., [16, 17]). However, with a
technology that is relatively new and still unknown to the majority of the public such as
geothermal energy, it can be valuable to use more explorative, qualitative methods to
gain insights into factors influencing acceptance, especially if these are still unknown for
the technology in question. In this stage, especially underlying influential factors, which
subliminally contribute to acceptance, are of interest. Because it is often unknown what
affects participants in an early stage of technology diffusion [18], analysing spontaneous
associations and emotions can uncover topics for research on social implications and
possible acceptance barriers and benefits of a technology [12]. These associations are
collectively referred to as “mental models” in this research, referring to emotions,
knowledge and associations attached to a specific topic. A variety of studies uncovering
mental models in relation to acceptance of energy-related technologies [19], Carbon
(dioxide) Capture and Storage (CCS) [20] and climate change [21] have been conducted
which found evidence for the close connection between acceptance and the willingness to
adopt a technology on the one hand and positive or negative connotations within mental
models on the other hand. Furthermore, they validated the elicitation of mental models
from laypeople as a suitable method to identify misconceptions and topics needing to be
addressed in (risk) communication concepts. Although geothermal energy has been
researched from the social science and acceptance point of view, mental models of this
technology have not yet been explored in detail.

Therefore, in this study, picture, word and colour associations on geothermal energy
were collected, in order to identify hidden drivers that influence people’s attitudes
towards geothermal energy.

PUBLIC PERCEPTION & ACCEPTANCE OF GEOTHERMAL ENERGY

Technology acceptance research has gained increasing importance in the last decades.
Besides traditional acceptance models, numerous studies have set out to explain what
influences acceptance, particularly in technical contexts. Among others, user diversity
(e.g. domain knowledge, age, gender) [22-24], context (e.g. medical context, energy
context, culture) [25, 26] or type of technology (e.g. large-scale technology, medical
technology, information and communication technology) [27] have been identified as
influential factors.
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But technology acceptance research has not only focused on small-scale technologies.
Continuous protests against renewable energy infrastructures, built with the aim to
decarbonize energy production, have put acceptance of energy-related infrastructure in
the focus of technology acceptance research. Among those, geothermal energy
acceptance has been investigated with different approaches and thematic foci.

Studies from Germany show that especially concerns about water pollution and
seismic activity are connected with geothermal energy [28]. Studies comparing the
perception of geothermal energy in different countries have found that transnationally,
there are four main issues for the rejection of geothermal energy:

¢ Environmental issues;

¢ Financial issues;

e Missing involvement of citizens;

e NIMBY issues [29].

Besides, studies about the knowledge on geothermal energy in the public as well as
about perceived risks and barriers have revealed that the general knowledge about
geothermal energy is low. This leads to a higher risk perception and distrust regarding
geothermal energy [12]. Knowledge about deep geothermal energy was identified as a
crucial factor for acceptance, as it was found that informed people in contrast to people
with a low information level about geothermal energy tend to have a higher acceptance
for this technology [30]. Besides, a gender difference in the thematic focus in the context
of geothermal energy systems was identified. While men mostly refer to economic and
ecological aspects of the technology on a general level, women focus more on advantages
and disadvantages that may concern them personally, as an analysis of web comments on
the topic shows [31]. The low level of knowledge in the general public and thus the lack
of acceptance for geothermal projects often arises from a lack of communication or
information strategies [32].

Several studies have focused on the communication aspect in the context of
geothermal energy projects. One proposal is a community engagement process, including
an intense dialog with all stakeholders, in which the discussion with the general public
plays an essential role [33]. Practical communication guidelines based on an empirical
study with regard to communicative preferences (time, person providing the information,
channel, and form of participation) in deep geothermal energy projects have also been
provided [32].

For a successful and adequately tailored communication strategy, a deeper
understanding of the communicative needs and thus underlying mental representations of
geothermal energy is required to build a bridge between experts with a complex technical
knowledge, and laypeople, who often base their evaluations on affective concerns and
uncertainties.

While studies on mental models of geothermal energy are rare (with exception of
[12]), they have been explored in other energy-related contexts such as nuclear power
plants [34], or hydrogen energy [35], for single technologies such as computers [36] or
more abstract topics such as climate change [21]. Mental models have been captured
using drawings to elicit knowledge about computers [36], the perception of scientists
[37], or electricity networks and involved actors [38]. Furthermore, word associations
were used, e.g., in the context of geothermal energy [12] and hydrogen perception [35].

Concerning interrelations between mental models (associations) and acceptance, it
was found that not only the content, but also the type of associations (concrete vs.
abstract) differ between those persons who are rather accepting and those who are
rejecting, in this case, nuclear power plants [34]. The mental models collected were able
to, e.g., explain the dealing with errors and problem solving [36], identify stereotypes
[37], provide rich input for communication strategies by uncovering misconceptions [39]
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and explain support or rejection of renewable energy infrastructure [38]. Thus, they have
proven to “provide useful counterpoints to self-report data” [40].

QUESTIONS ADDRESSED AND LOGICAL APPROACH

This exploratory study aims at eliciting mental models of geothermal energy on the
pictorial, verbal and colour level. In addition, it focuses on the question if mental models
correlate with the acceptance of geothermal energy. Because there have been no studies
so far on this particular topic, the study is designed as a first, exploratory investigation.
The approach combines free association with a structured questionnaire to collect data on
the participants’ profiles.

EXPLORATORY STUDY OF ASSOCIATIONS WITH
GEOTHERMAL ENERGY

A questionnaire was designed to record mental models and associations of
geothermal energy technology (in terms of pictorial, verbal and colour associations).
The questionnaire was handed to interested participants at information events about
geothermal energy (university and public) and using personal networks. Participants
were given a printed version of the questionnaire which they could fill out by themselves.
They were asked to return the questionnaire to the research team in a closed envelope to
guarantee anonymity. They were instructed to complete the questionnaire carefully and
to the best of their knowledge. They were free to skip questions they could or did not
want to answer. After data collection, the data of the questionnaires were transferred into
a statistical software program — SPSS. Afterwards, the associations were analysed and
interpreted against the background of geothermal energy acceptance.

Questionnaire

Data were collected using a pen-and-paper questionnaire (see Appendix). It contained
a section on user characteristics (not discussed in detail in this paper), as well as questions
on acceptance of geothermal energy and related mental models. Also, the age and gender
of participants was assessed. Every participant answered the questions in the same order.
Unless indicated otherwise, agreement to items was measured on a six point Likert-scale
(1 = strongly disagree, 6 = strongly agree).

Acceptance of geothermal energy. Acceptance of geothermal energy was measured
using two items: “I think geothermal energy is a useful source of energy for Germany”
and “I am against the use of geothermal energy, as the installation of the power plant/
the drilling is expensive”. The two items correlate significantly (r = -0.58, p <0.01) and
were thus combined to the factor “acceptance of geothermal energy” (calculated as mean
score of the two items).

Mental models of geothermal energy. Pictorial representations of geothermal energy
were assessed by asking participants to draw a picture “that comes to your mind when
you think of geothermal energy”. No further instructions or information on the
technology were given, in order not to bias participants. Afterwards, participants were
asked to rate this picture emotionally on a five-point scale ranging from
“l = characterized by very negative associations” to “5 = characterized by very positive
associations”.

Word associations were elicited by asking the participants to note down four verbal
terms that they spontaneously associate with geothermal energy. They were asked to rate
each of their associated words on a five-point scale ranging from “1 = very negative” to
“5 = very positive”. The colour association was elicited by asking “Which colour do you
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spontaneously associate with geothermal energy?” (free answering format). Colour
associations were asked for to provide insights for the design of information material on
geothermal energy, as the use of primarily associated colours could support the
communication of technical information to laypersons.

Participants

In total, 79 participants took part in the study. Participation was voluntary and
participants were recruited among the general public and visitors of information events
about geothermal energy. 58% of the sample were male and 39% female, with a mean age
of 37.5 years [Standard Deviation (SD) = 13.27, range between 19 und 79 years].

Analysis of mental models

Different procedures were employed to analyse pictorial, verbal and colour
associations.

Analysis of picture associations. After a first viewing of the pictures, meta-categories
were defined which were based on the most prominent theme of the pictures:
implementation, process and an ‘“abstract” category. Within these categories,
subcategories were defined: for the implementation, three stages were established,
the “power station” as the spatially broadest category, the “house” as a more concrete
implementation and lastly the “single technical element” as the narrowest
implementation. Technically, deep and surface geothermics, as represented by pictures
with power stations or houses, have to be considered as two different technologies, but as
the study focused on the scope of the mental representations of the participants, it was
decided for the different technologies to represent different types of implementation.

The category “process” was subdivided into “drilling” and “circulation”, both
referring to a more general perspective and not concentrating on the concrete
infrastructure involved, but rather on stages in the process of establishing a geothermal
power plant.

The third category included drawings that depicted a generic perspective on
geothermal energy and focused on the type of energy involved, e.g. representing “heat”
in contrast to “wind” or “sun”.

The category descriptions were then given to two other raters, who were asked to sort
all pictures in the best-fitting category to control for subjectivity in the categorization.
An overall agreement of 69% with rater 1 and 67% with rater 2 was achieved.
Considering the degree of abstractness of the pictures, this was considered sufficient to
use the categories for further analysis. The pictures were further examined more closely
with a focus on the single elements contained in each picture. For the analysis, a list was
compiled containing all features that were identified in the pictures (e.g. house, pipes,
heating, tree, sun, etc.). For each picture, three raters decided independently if an element
was present or absent. In a next step, the evaluations of the three raters were compared
and each picture was re-tagged with the present or absent elements, according to the
decision of the majority of the raters.

Analysis of word associations. Word associations were categorized according to
negative (1-2), neutral (3) or positive (4-5) ratings, depending on the rating that the
participants had assigned to them. Words which had not received a rating as well as those
that were illegible were excluded from the analysis. For the report here, word
associations were translated from German into English.

Analysis of colour associations. Colour associations were sorted by frequency of
mentions. Colours which had only been mentioned once were grouped in the category
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“others”. Mentions that did not refer to a colour (e.g., “none, because it is dark under
ground”) were excluded.

Results

First, a detailed description of the pictorial associations is given. Next, the word
associations are analysed followed by the colour associations.

Pictures. Overall, 60 drawings were collected from the 79 participants (19 returned
questionnaires did not contain a drawing). The pictures were then categorized according
to the procedure described above. The categories, number of pictures included as well as
sample pictures for each category are shown in Table 1.

Table 1. Participants’ drawings representing geothermal energy according to categories
(emotional evaluation: 1 = very negative, 5 = very positive)

Emotional evaluation

Levelof g ecification N (max = 5) (M = Mean, Examples
representation PICWIES o1y _ Standard Deviation)
Power station 12 é\;[):_%(i
M=3.6
Implementation House 25 SD=0.7
Single -
technical 3 é\l/l)—_ﬁll%
element -
Drilling 7 o i&} SR =l
v 3
Process !
_— M=37 ‘ @ |
Circulation 6 SD=0.8 | | i
=Y L__[-‘v J 1y
J\jﬂ i/
(R
e _L/}
Generic 7 M=34 4 <\L =
perspectives SD=0.8 1

Overall, participants rated their pictures neutral to positive (M = 3.4, SD = 0.7).
The categorization shows that two thirds of the participants associated different types of
implementations of geothermal energy (power station, house, single technical element).
The most often associated type of implementation was “house” (representing surface
geothermics). The pictures varied in detail, from simple drawings of houses with pipes to
the ground to complex depictions of a house with pipes, radiators and other technical
elements (Figure 1).

The second most often associated implementation type was “power station”,
symbolizing deep geothermics. 13 participants associated parts of the process of
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geothermal energy, of which seven pictures representing drilling and six focused on the
circulation within the system.

T

Figure 1. Sample pictures depicting “surface geothermics” in different degree of detail

Figure 2 shows two sample pictures which depicted the drilling needed to reach the
hot water which can serve as the source of energy for geothermics. These pictures reflect
at least some basic knowledge about the functionality and technical background of
geothermal power plants. They could also be a reflection of the media coverage about

geothermal energy, in which the drillings were made responsible for damages to houses
[41].

—— e —— —

Figure 2. Samples for pictures depicting “drilling”
Seven pictures contained an abstract perspective on geothermal energy, e.g., abstract

depictions of heat as energy source for this technology in contrast to, e.g., wind or the
sun. Sample pictures for this category are shown in Figure 3.

W T

Figure 3. Samples for pictures depicting an abstract perspective on geothermal energy

Those pictures depict only basic knowledge (e.g., that geothermal energy is in some
way related to energy from the “ground”) and indicate that it cannot be assumed that
geothermal energy is widely known.
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Considering the single elements present in the pictures, the earth was the element that
was drawn most often and was found in 75% of all pictures (Figure 4). Apparently, the
central role of the earth as energy source was present for the majority of the participants.
The necessity of drilling a hole in the ground to be able to access hot water needed for
energy production was depicted in 65% of all pictures, in 44%, even multiple drilling
holes were considered. Half of the pictures contained an intermediate technical device,
showing that participants had basic knowledge of the technical details of geothermal
energy (e.g. that a heat pump is required). Some pictures also uncovered misconceptions,
e.g., that drillings are as deep as the earth’s core (Figure 5) or that lava is used as a source
of heat (Figure 6).

Frequency of elements in pictures

0% 10% 20% 30% 40% 50% 60% 70% 80%

B

soil/earth

1 pipe/ drilling hole
intermediate technical device
1 house

multiple pipes/ drilling holes
process/ arrows
underground reservoir

power station

fumes

hot water (cycle)

Figure 4. Ten most frequent elements identified in the pictures (n = 60)

Figure 6. Lava used as a source of energy

Overall, a significant correlation was found between the emotional evaluation of the
pictures and the acceptance of geothermal energy (r = 0.37, p <0.01).
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Word associations. 49 of 233 word associations were rated negatively (“very
negative” or ‘“negative”). They were condensed into a “word cloud” (wordle.net,
Figure 7). The cloud reflects the frequency with which the words were mentioned, the
bigger the font, the more mentions (reference: “drilling” was mentioned 5 times).

Staufen deep driling
artzaust  QArill electricity costs
high invest IOW performance high costs of exploitation
| don't know Complex - | don t know much about it

e X e n S lve Supe%:ﬁf RWTH f\(achen university
SMoke I: difficult geological cracks
unpredictable only feasible for underfloor or COﬂVECtIOﬂ heatlng SOil cooling of f

H climate change
power station righinvestment
) not SUltab|e for every I?ngtlr%%

risk/ earth's movements ., iR VT Aachen University
useful alternative great technical effort required

electricity  not’enough transparency heat exchanger
ineffective seldom yqor nuisance S€iSMic explorations
effort SupercC

Figure 7. Word cloud displaying negative associations with geothermal energy

Especially the drilling process itself has negative connotations. Further negative
associations are also connected to the drilling process or associated risks with it, for
example high costs (and the possibility of failure, “unpredictable”) and danger of
earthquakes. Also, it is noteworthy that two unsuccessful geothermal projects were
among the negative associations, a project at the local university of Aachen “SuperC”, as
well as “Staufen”, a city in Southern Germany in which creeks in buildings are assumed
to be the result of geothermal drilling activities [42]. Interestingly, “power station” also
seems to evoke negative connotations, although it is mentioned in the context of
renewable energies. “Useful alternative?” was formulated as a question, thus displaying
uncertainty about the usefulness of the technology.

67 of the 233 associations received a neutral rating, they are displayed in Figure 8
(reference for frequency: drilling was mentioned 9 times). Prominent associations
include a translation of the term “geothermal energy” (terrestrial heat), as well central
concepts that are significant for geothermal energy, such as “heat”, “heating” or
“electricity”.

heat CZTCTZXM heating —
terrestrial heat ...

earth economicall tionabl r e
low-energy POWEI station Stegam -ca yques R e deep drl"lng work bo
deep water layers of earth immature technology
low temperature heating water ' low temperature hole

heat exchangs
usage @ avauableSO” : |

technical terms
pipes in the ground
electrlcltg I Iusage orl:watural resources

deep  economic risk
Hot Dry Rock cheap tomorrow heat pump

measurement drilings mear‘,tﬁg{‘at've

Figure 8. Word cloud displaying neutral associations with geothermal energy

The majority of word associations (117 of 233) were given a positive rating
(“positive” or “very positive”). The term that was most often associated positively was
“terrestrial heat” (12 times). The summary in Figure 9 shows that geothermal energy
itself, terrestrial heat, has positive connotations. Furthermore, the supply of heating (e.g.,
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“heat”, “warm”, “heating”) presents a second prominent field of associations. The word
cloud with positive associations is also characterized by words referring to the renewable
character of geothermal energy and its low impact on the environment (e.g.,

“sustainable”, “environmental protection”, “renewable energy”, “green energy”, “does
not destroy landscape”).

2 13 2 (13

SOIil
energyass = 1

hea
-terrestrial | heat

Zrsustainable el
heat pump enwronr\r)ver%tal DrOtECtI

nenergy | 9%

“ =] enewable energg

Figure 9. Word cloud displaying positive associations with geothermal energy

From the word associations, it is possible to identify a trade-off between two major
traits that are associated with geothermal energy: the renewable, low-impact character on
the one hand and the insecure, possibly risky and expensive drilling process that is
needed on the other hand.

Colour associations. Concerning colour associations, red was the most frequently
associated colour (Figure 10) followed with some distance by green and orange, followed
by brown and yellow. “Other” associations include single mentions such as “white-blue”
or “black and white”. It is noteworthy that among the most frequently mentioned colours,
there is a majority of “warm” colours, often associated for example with heat (red,
orange, yellow). Thus, heat from the earth as the main technical principle of geothermal
energy is reflected in the colour associations. Besides, the fact that the colour green is
also mentioned regularly could represent the “green” image of geothermal energy in the
sense of a renewable resource.

. 40%
2 30%
S 20%
2 10%
g 10 B e - _®
D > (I > Q & A £
N 2 S & S » ® & ¥
q}e O@Q *o@ %e}\ 0 04@ S
Q&
Colours

Figure 10. Colour associations for geothermal energy (n = 68)

Acceptance of geothermal energy. Acceptance of geothermal energy was overall
high, indicated by a mean value of 4.4 (SD = 0.9) for the factor “acceptance of
geothermal energy”.

A correlation analysis (Spearman’s rank correlation coefficient) between acceptance
of geothermal energy and rating of pictures and word associations by the participants on
the emotive scale was conducted to uncover measurable relations between affect (related
to the mental model) and general attitude towards geothermal energy. For word ratings,
a mean value was calculated across all word associations by a participant. Emotional
picture rating and acceptance correlated with r = 0.35 (p <0.01, n = 59), emotional word
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rating and geothermal energy acceptance correlated with r = 0.43 (p < 0.01, n = 63).
The positive correlation indicated that there is at least a moderate correlation of the type
that the more positive participants’ associations with geothermal energy, the more
positive their attitude towards geothermal energy was (and vice versa). Word and picture
ratings correlated at r = 0.38 (p < 0.01, n = 61), which indicated that the more positive
participants’ rated their drawings, the more positive they rated their word associations
(and vice versa). The data show that participants’ mental models on the word and the
picture level corresponded (although only moderately) to each other.

DISCUSSION

This exploratory study aimed at uncovering participants’ mental models of
geothermal energy on three different levels: pictorial, verbal and in terms of colour.
The idea behind this approach was that there might be hidden drivers “behind”
specifically stated public acceptance which are influenced by individual risk tolerance,
fuzzy fears and concerns, but also by perceptions of usefulness of the technology.
Furthermore, it was hypothesized that this implicit knowledge is not necessarily
conscious, however, it might be reflected in implicit metaphors and circumscriptions
(colour, verbal terms and pictures). Indeed, the results provide insights into those hidden
acceptance-relevant concepts and show how they are represented in the different types of
associations. This, in turn, is valuable for the development of a sound methodological
concept to elicit mental models of relatively unknown technologies in the general public.

First, the main question was in how far it would be possible to identify
acceptance-relevant concepts for the communication of geothermal energy. From the
picture associations, it can be deduced that near-surface geothermal energy was the most
known application of geothermal energy in the sample. This can be explained by the fact
that the participants were mostly based in an area where there is no geothermal power
plant, so that this type of geothermal energy use is not as present in their minds.
In large-scale applications, it was known that a type of power station is needed for the
conversion into heat or electricity. However, despite a general positive image of
geothermal energy, power stations were negatively denoted. This was evident from the
evaluation of the pictures as well as by the words associations. Apparently, there exists a
particular sensitivity towards power stations in the public, which could be due to their
background in fossil or nuclear applications. Nuclear power stations have been shown to
evoke negative emotions [43] and, as a consequence, decrease acceptance [44]. These
attitudes seem to be transferred to geothermal energy. In this line of argumentation, the
prevailing negative image of power plants then “overshadows” even the otherwise
positive association of a renewable energy. Bearing in mind that these are used for
large-scale application of geothermal energy, with a greater number of residents affected,
they present a possible barrier of adoption that should be addressed in information and
communication concepts.

Further essential components of geothermal energy plants are the bore holes, which
require deep drilling. “Drilling” was also one of the most dominant elements in the
pictures representing a central aspect of the mental model of geothermal energy.
This could be the result of the extensive media coverage of incidents in past geothermal
projects, which were ascribed to the drilling.

The drilling process was rated neutral to negative in the picture and word
associations: the drawings which depicted drilling as a central element were rated less
positive than others and drilling was the most prominent among the negative word
associations. Still, there are mixed opinions in the literature (e.g. [41]) if the drilling
process is related to the frequency of earthquakes or not — for the public it is important
that they can trust public authorities with respect to a transparent and open discussion
about possible benefits, but also fears. Giardini [41] resumes:
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“The public reacts with a vengeance if it perceives that a known problem has
been hidden. More than this, earthquakes invariably raise primordial fears.
Waking up the sleeping terror that lurks in the deep is the plot of numerous

horror movies; here it has an all-too-real meaning.” (p. 274)

Moreover, there was evidence for concrete details about the technology and
infrastructure involved in geothermal energy usage in the drawings (e.g. heat pumps),
which were, however, not named in the association task. An explanation could be that the
idea of an “intermediate element” is present in the participants’ mind, but they lack
knowledge of the precise name of this element.

The associations also helped to identify trade-offs. Especially in the verbal
association, two conflicting poles exist: on the one hand, the positively rated
environmental impact of geothermal energy and on the other hand the negatively
evaluated high invest and the necessary infrastructure. This impression is a possible
explanation for the ambivalent attitude of the participants towards the technology.

Overall, the significant correlations between different types of associations as well as
associations and acceptance indicate that the drawings present an adequate method to
gain insight into the mental representation of geothermal energy and also the acceptance
of this technology. However, the evaluation of the different types of associations is
challenging, especially when it comes to a comparison, as associations of varying
degrees of concreteness were mentioned depending on the type of association.

Finally, the methodology applied needs to be critically discussed. The chosen method
was not only able to uncover hidden mental models, but also revealed interesting insights
in the nature of cognitive and affective representations. On the one hand, there were
concepts which were represented in more than one, in some cases even all,
association-types. These include for example power stations, which were clearly
identifiable in the pictures and the word associations. Heat was another example: it was
symbolized by radiators in the drawings, as specific word in the word associations and
could also be found in the colour associations (as symbolized by the colours red, orange
and yellow) which shows how one association is expressed differently, depending on the
type of association. These differences provide a valuable means to uncover different
facets of a mental representation.

On the other hand, there were associations which were prominent in one type of
association task, but not in others. It was for example possible for the participants to
express ideas about the environmental impact of geothermal energy on a verbal level,
which could not have been done as easily using a drawing. Therefore, the assessment of
mental models can benefit from using different methodological approaches, to be able to
capture a more complete picture.

Further research could focus on the interpretation of the pictures from the icon-theory
perspective, to explore how the participants depicted their mental representation of
geothermal energy and which elements they used. A follow-up study should also focus
on user diversity and effects on acceptance — then however, more participants and
pre-selected representations of geothermal energy are needed to gain further information
on the influence of user factors and the mental representation on acceptance. Regarding
the sample size, the number of participants was considered suitable for a first, exploratory
investigation. A quantitative follow-up study needs, of course, more participants and a
more balanced sample regarding gender and age distribution. The male participants were
slightly overrepresented in our sample, possibly the technical topic attracted more male
than female participants. This should be kept in mind with regard to the generalizability
of the data.

Besides, we refrained from structuring the word associations any further, for example
in thematic categories, in order to stay as close as possible to the original data and
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minimize the influence of the researcher. Further structuring could, however, provide
insightful information on different thematic focus points of the associations.

Naturally, one might critically argue that those qualitative and indirect measures to
uncover mental models miss the empirical rigor in comparison to quantitative measures
and an inferential statistical testing. This criticism is justifiable as analyses and
interpretation of participants’ mental models include presumptions and constructions
without “experimental control”. On the other hand, only by these methods mental models
can be made visible at all. The explorative methods are mandatory in order to detect
affective and hidden acceptance drivers, which is especially important in early phases of
understanding acceptance factors. In the next step, a cross validation with a quantitative
modelling is needed. On the base of the findings here, a conjoint study is planned in
which it will be further investigated in how far these underlying models relate to the
intention to use geothermics.

CONCLUSION

In this exploratory study, mental models of geothermal energy were assessed using a
qualitative approach. Participants’ associations showed that knowledge about geothermal
energy is diverse, ranging from very basic representations to complex processes. It was
further shown that the more negative participants’ (self-rated) imagery associations with
geothermal energy, the more negative their attitude towards geothermal energy was.
This referred mostly to deep geothermal energy, for which “drilling” and “power
stations” represented especially negative associations. The different methods chosen to
elicit the mental models were insightful to uncover different aspects of mental
representations of geothermal energy. Regarding the communication about geothermal
energy, the sustainable generation of heat can serve as a positive characteristic of this
technology, while the costs, the drilling procedure, the fear of earthquakes and the power
station should be taken into account as possible drawbacks which laypeople associate.
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APPENDIX

Questionnaire [Translated version, original language: German]
Dear participant,

first of all we would like to thank you for participating in this survey and supporting our
research project. This questionnaire assesses your personal view of geothermal energy.
Even if you do not know a lot about this technology, your opinion is valuable to us. There
are no right or wrong answers to the questions, only your personal opinion counts. Please
answer the questionnaire honestly and carefully and complete all questions. Your data
will be treated anonymously and will only be used in the context of this research. It will
be ensured that there is no possibility to identify you from the data. The time to complete
the questionnaire is around 10 to 15 minutes.

[Questions on user diversity omitted]

Attitude towards geothermal energy

The following questions deal specifically with geothermal energy. Please indicate

how much you agree to the following statements:
(Answers measured on a 6-point Likert-scale: strongly disagree — disagree — slightly disagree — slightly agree — agree — strongly agree)

e [ feel well-informed about geothermal energy;

e [ think geothermal energy is a useful source of energy for Germany;

e | am against the use of geothermal energy, as the installation of the power plant/
the drilling is expensive.

Expose to geothermal energy

e Juse geothermal energy for my home or know someone who does; (yes/no)
e [live near a geothermal power plant. (yes/no)

Mental model

3.1 Which picture comes to your mind when you think of geothermal energy? Please
make a drawing!

[space for drawing]

3.2 Please have a look at your picture again and indicate which statement describes it
best:
The picture 1 have drawn is;
.. characterized by very negative associations
.. characterized by negative associations
.. neutral
.. characterized by positive associations
.. characterized by very positive associations

3.3 Which words spontaneously come to your mind when you think of geothermal
energy?

a0 o
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3.4 Please indicate for each word which you mentioned in question 3.3, whether you

associate it with negative, neutral or positive associations.
(Answers for each word: very negative associations, negative associations, neutral, positive associations, very positive
associations)

go o

3.5 Which color do you spontaneously associate with geothermal energy:

Demographic details

To finalize, please answer the following two questions on your demographics:
e Gender (male/female)
o Age

Thank you for your participation.

In case you have any further comments on the survey, you are welcome to note them
here:
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