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Abstract: Aquaponics is an innovative food production method that combines the production of aquatic
organisms with plant production. This can have environmental advantages such as reducing land
conversion and resource input and waste output through nutrient cycling. To support the dissemination
of aquaponics, key stakeholders need to be appropriately informed about this production method,
an aspect that has received little attention so far. In this pilot study, visual perception of information
about aquaponics was explored using eye tracking combined with a questionnaire. The results show
that people distinguish between aquaponics variants when evaluating aquaponics. A production system
with a more natural appearance is preferred. Allocation of visual attention is linked to the specific
information content and to the assessment of the naturalness of aquaponics production. The results of
the present study could form a basis for further research, not only to make information about food
production systems more appropriate but also to develop food production systems in a way that people
become more aware of the sustainability aspects of production methods and its products.
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1. Introduction

Sustainable food production is one of the key challenges of the future. The world’s population,
estimated at 7.7 billion in 2019, continues to grow at an annual rate of 1.1 percent. It is estimated
that the earth will be populated by 9.7 billion people in 2050 and by roughly 11 billion at the end of
the century. The continuing increase in global population in conjunction with a continuing rise in
prosperity is leading to an increasing demand for animal products [1]. In this context, the consumption
of meat, dairy and fish products is particularly criticised due to high environmental impacts [2,3].
However, people with high consumption levels are rather reluctant to embrace alternatives that ban or
replace animal products in their meal—but rather accept alternatives such as moderation of animal
product consumption or products from more sustainable production systems [4].

An innovative food production method that could potentially contribute to both, populations’
demand for animal products and to sustainable consumption patterns, is aquaponics. Aquaponics is
the combined production of aquatic organisms and plants, where more than 50 percent of the nutrients
for optimal plant growth derive from waste originating from feeding the aquatic organisms [5].
The aquatic organisms are normally fish that are an excellent source of high-quality animal protein,
essential fatty acids and micronutrients in human nutrition [6]. The aquaponics-grown plants, such as
herbs and leafy or fruiting vegetables [7], further contribute to a healthy human diet [8]. In addition,
the combined fish and plant production of aquaponics is more environmentally friendly than separate
production as it reduces the input of resources and the output of waste, and avoids the use of antibiotics
and pesticides [9,10]. Further benefits are the potential to take pressure off land conversion if areas that
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had already been sealed are used (e.g., brownfields) and the opportunity of food production by urban
residents [11].

Despite these advantages, aquaponics has not yet been adopted on a wider scale and is still largely
unknown in Europe [12]. Thus, some authors emphasise the importance of generating comprehensive
knowledge about this production method [12,13]. Yet, developing appropriate communication
strategies have so far received only a little attention in all areas of aquacultural production [14]. It is
also known that innovative food production methods can fail, or diffuse very slowly, if they do
not adequately address societal mainstream values or constraints perceived by food producers [15].
Therefore, it is important for a successful dissemination of aquaponics not only to inform potential key
stakeholders but also to understand their concerns about this innovation [15,16].

In research, the perception of picture, video and text information about food production methods
is increasingly analysed to gain knowledge about stakeholders’ requirements, concerns or criticism
regarding specific food production methods. These studies repeatedly show the public’s doubts
about animal welfare in intensive farming systems and their criticism of the lack of naturalness in
agricultural production [17–23]. Although aquaponics is a potentially sustainable method of food
production based on natural cycles, similar concerns seem to exist. Laypersons are particularly critical
of commercial aquaponics farms, as they are concerned about the artificial appearance of the systems,
the soilless crop-production, potential health risks associated with wastewater use, and fish welfare.
Small aquaponics farms with a more natural appearance seem more likely to be accepted [24,25].

However, to the authors’ knowledge, only Busch et al. [22] have explicitly analysed visual
attention related to information about farming practices. This is astonishing, as it is well known
that visual attention to information content is linked to the decision about the object to which
the information is provided. Due to several biases, decision makers often ignore parts of information
that are available to them. This challenges the way information about food production systems is
presented [26]. In low involvement situations, choices might be affected by an affective response due to
the visual characteristics of the information, e.g., visual salience, surface size, position and emotional
elements [26,27]. These factors are often referred to as bottom-up factors leading to stimulus-driven
attention [28]. In high involvement situations, in-depth processing of the information takes place [27]
and top-down factors influence gaze behaviour. Decision goals, pre-existing preferences, interests or
task instructions then drive visual attention (goal-driven attention) [29,30].

Visual attention occurs when a person physically move the eyes towards a visual stimulus [27].
These eye movements are mainly characterised by fixations and saccades. Saccades are rapid eye
movements between fixations to move the gaze from one point to another. During fixations, the eyes
are relatively stationary [31], and information is processed during this time [32]. Eye trackers
can record these eye movements and thus enable objective measurements of allocation of visual
attention. Since eye tracking technology is becoming less expensive and easier to use, it is increasingly
applied in different fields of research, including analysing the effects of information on decision
making [26,27,33]. Eye tracking can help to analyse the effect of attention on information processing,
preference, choice behaviour and valuation [27], in particular when used together with other methods
of empirical social research, such as ‘think aloud’ or personal interviews [28]. Related to information
about innovative food production methods such as aquaponics, eye tracking could help to better
understand obstacles and drivers to the adoption of this production method and its products, and to
optimise communication to key stakeholders.

The aim of the present pilot study was, therefore, to explore visual perception of information about
aquaponics. Eye tracking, combined with a questionnaire, was used to reveal possible relationships
between visual attention to specific information content and assessment of this production method.
The results could form a basis for further research, not only to make information about food production
systems more appropriate but also to develop food production systems in a way that people become
more aware of the sustainability aspects of production methods and its products.
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2. Materials and Methods

2.1. Sample Characteristics

The experiment was carried out at the eye tracking laboratory of the South Westphalia University
of Applied Sciences. Eighteen adults (10 female, 8 male) aged from 20 to 47 years (M = 24.8 years;
SD = 6.7) voluntarily participated in the study. All participants were either students (7 female, 7 male)
or staff members (3 female, 1 male) of the department of agriculture of the university. This implies that
the participants were familiar with agriculture due to their professional background.

2.2. Eye Tracking

2.2.1. Stimuli

To examine the perception of information about aquaponics, a virtual three-page flyer was created.
Each page was presented as a visual stimulus (Figure A1). The first page of the flyer, shown as
the first stimulus, contained information on the general functioning of recirculating aquaponics
systems to educate all participants about how aquaponics works. The two following pages provided
picture and text information about two fictional aquaponics farms. The second page, which served
as the second stimulus, described AquaPonTec (AT) as a modern high-tech farm producing high-quality
food and providing optimal conditions for fish growth. The third page, which was used as the third
stimulus, characterised AquaNatura (AN) as a farm that values naturalness and offers the fish a pleasant
environment and enough space to behave naturally. The second and third stimulus were designed
in the same way: Three pictures depicting the farm building, the aquaculture and the hydroponics
production, were placed on the left side of each page. On the right side, three text sections provided
information on farm philosophy, aquaculture and hydroponics production (for detailed English
translation see Appendix A).

2.2.2. Procedure

A remote eye-tracker (SMI RED, Senso Motoric Instruments GmbH, Germany) was used to record
the participants’ gaze behaviour with a sampling rate of 250 Hz. Infrared illumination and camera of
the device were located beneath a 19” computer screen. At this screen, the visual stimuli were presented
using the stimulus presentation software SMI Experiment Center™ (SensoMotoric Instruments GmbH,
Teltow, Germany).

To run the eye tracking experiment, the participants were seated on a chair in front of the computer
screen at a distance of approximately 60 to 70 centimetres. They were able to move their heads freely,
allowing them to look at the screen in a largely natural way. The experiment started with a 9-point
calibration to estimate the individual geometric characteristics of the eyes as the basis for an accurate
gaze point calculation. After that, the following instruction was presented at the screen as long
as the respective participant needed for reading the text: ‘Please imagine the following: You are a visitor
at a food and agriculture exhibition. Information about aquaponics is available at one of the stands.
The three-page flyer provides graphical information about the basic functionality of aquaponics on
the first page. On the next two pages, one farm each presents itself. Both farms use aquaponics systems
to produce their products. These three pages of the flyer you will see hereafter. Please have a look
at these pages.’

Following this instruction, the first stimulus was presented for 25 s. Then the second and third
stimulus were displayed for 50 s each. Each participant received all stimuli in the same order.

2.2.3. Measured Values

The gaze behaviour was analysed based on defining areas of interest (AOIs). AOIs are certain
regions of a visual stimulus selected with a software-tool. Defining AOIs allows extracting eye
tracking metrics specifically for these regions of interest [34]. Using the software SMI BeGazeTM
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(SensoMotoric Instruments GmbH, Germany), each picture of the second and third stimulus was
defined as an AOI (picture AOI): ‘Building’, ‘Aquaculture’, ‘Hydroponics’. The same applied to each
text section (text AOI): ‘Farm’, ‘Aquaculture’, ‘Hydroponics’. A fish tank window, through which
the fish could be seen vaguely, was defined as an additional AOI in the third stimulus (see Figure 1).

The following AOI events, the software calculates by default, were used to describe the visual
perception of the stimuli:

1. Fixation count: Number of fixations of a participant inside an AOI This measure is an indicator of
importance or noticeability of the area [35,36].

2. Fixation time: Duration of all fixations of a participant inside an AOI Fixation time is related
to the importance the visualisation element has to the viewer or to the difficulty to extract
information from the AOI [28,35]. This parameter is closely related to the duration of cognitive
processes [37]

3. Average fixation duration: Average duration of a single fixation within an AOI (Fixation time
divided by fixation count) A longer average fixation duration is often associated with a deeper
and more effortful cognitive processing and can serve as an indicator for the complexity of
the information [28,37]

The eye tracking data for each AOI were generated with the default settings of SMI BeGazeTM.
The software works in high-speed settings (more than 200 Hz) with a velocity based algorithm that
first searches for saccade events. Blinks and fixations are derived from the primary saccade events.
The minimum duration of a fixation in this mode is pre-set to 50 milliseconds [38].
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Figure 1. Stimuli used for the eye tracking experiment: (a) first stimulus: aquaponics cycle (b) second
stimulus: farm AquaPonTec (AT) (c) third stimulus: farm AquaNatura (AN). Defined text and picture
areas of interest (AOIs) are marked red, the AOI fish tank window is marked green.

2.3. Questionnaire

Immediately after the eye tracking experiment, participants answered a questionnaire on a tablet
PC. First, participants were asked about their associations with the farms shown. They were able to
point out five key points for each farm.

Subsequently, the participants could indicate whether they had missed any information. If they
had answered yes, they were asked what information was missing. The answers to the two questions
mentioned above were used to create a new dichotomous variable. This variable recorded whether
a participant had declared in one or both questions that information about the fish was missing
(information was missing = 1; information was not missing = 0).

Then, the participants were asked about their attitudes towards aquaponics in general with four
items (cf. Figure 3). Using six-point Likert scales, respondents rated whether they would reject or
accept the central message of each item.

To determine the participants’ preferences towards the concrete design of aquaponics variants,
they should indicate which type of farm they would choose in relation to seven questions (cf. Figure 4).
For this, the pictures of AT and AN were shown again on the tablet-PC. The classification was done
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with a fully verbalised, bipolar rating scale, with the possibility of abstention (definitely AT; rather AT;
rather AN; definitely AN; no answer).

2.4. Data Analysis

During this study, two data sets were collected. One file contained the eye tracking metrics of
the participants and the other, the responses to the questionnaire. The files were merged for statistical
analysis by using a unique identification number for each participant as the key variable. Quantitative
data analyses were performed with SPSS 25 (IBM Corporation).

Data obtained from the questionnaire were analysed qualitatively and quantitatively. Qualitative
data analysis was performed for the participants’ associations with the farms. Terms referring to
the same concept or with a similar meaning were grouped into the same categories by involving two
researchers to generate the categories and to assign the responses to the categories.

Descriptive statistics were used to present percentages relating to attitudes towards aquaponics in
general and attitudes towards the two aquaponics farms. Correlations were tested with Spearman’s
correlation coefficient to receive more robust results.

For statistical analyses of gaze behaviour, only the measured values of the participants’ right eye
were used, because it is generally assumed that both eyes make the same movement at approximately
the same time, and look at roughly the same position [34]. The eye tracking data were described
by presenting medians and quartiles. Nonparametric tests for dependent samples were used to test
differences in gaze behaviour between AOIs.

As the responses to the questionnaire indicated the importance of naturalness for the assessment
of aquaponics, the participants were divided into two groups according to their response on the six
point Likert scale to the item ‘For me, aquaponics is too far from nature’:

• Group 1 (n = 9): do quite clearly not agree with this item, point 1–2 on the Likert scale
• Group 2 (n = 9): do rather agree with this item, ≥ point 3 on the Likert scale

First, the eye tracking results were visualised using heat maps, which optically contrast the gaze
behaviour of these two groups. A heat map allows the qualitative exploration of gaze behaviour [39]
using a colour scale. The maps were generated with the software SMI BeGazeTM. In this software, each
fixation of each participant adds a value to the map that is proportional to the duration of the respective
fixation. This intensity value is averaged with the number of participants selected. Colour changes from
blue to green to yellow and finally to red show an increasing fixation intensity [38]. This visualisation
technique enables a more qualitative exploration of the eye tracking results and makes the data better
comprehensible. Quantitative data analyses were performed using Friedman’s two-way analysis of
variance by rank to test differences in fixation time between the individual text and picture AOIs within
each group. Mann–Whitey-U-tests were performed to test differences in fixation time of each text
and picture AOI between groups.

3. Results

3.1. Eye-tracking Measurements

3.1.1. Overview of the Allocation of Visual Attention to Text and Pictures

To give an overview of how the participants spread their visual attention to the text and picture
sections of the stimuli AT and AN, Figure 2 represents the summarised fixation times of all text
and picture AOIs of the respective stimulus. Summed up over all text AOIs, participants fixated the text
sections of stimulus AT as long as those of stimulus AN (AT: Mdn = 29.20 s, AN: Mdn = 28.64 s; Wilcoxon
signed-rank test p = 0.53). The same applied to the picture AOIs (AT: Mdn = 5.05, AN: Mdn = 7.06;
Wilcoxon signed-rank test p = 0.23). That means that the participants distributed their visual attention
between text and pictures in both stimuli in a similar way.
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of the summarised fixation time of all text and picture AOIs of stimulus AT and AN.

The more visual attention a participant paid to the text (pictures) of AT, the more visual attention
he/she paid to the text (pictures) of AN. The summarised fixation time of the text (picture) AOIs of
AT correlated strongly with the summarised fixation time of the text (picture) AOIs of AN, rs = 0.87
p < 0.001 (rs = 0.68, p = 0.002).

Participants spent significantly more time reading the text than looking at the pictures. Within each
stimulus, the summarised fixation time of the text AOIs was significantly higher than the summarised
fixation time of the picture AOIs (Wilcoxon signed-rank tests p < 0.001 for both stimuli).

Closer inspection of Figure 2 may lead to a question if one considers the display time of 50 s for
each stimulus. The sum of the median fixation time of the text and picture AOIs was only about 35 s
within each stimulus. What did the participants do during the remaining time, which was about 15 s?
During this time, saccades and eye blinks occurred or the participants fixated areas outside the marked
AOIs, e.g., the headlines or the white space.

3.1.2. Visual Perception of the Individual Picture Sections

Since pictures are of great importance as information sources and eye-catchers, the eye tracking
measurements for the picture AOIs of stimulus AT and AN are presented in detail in Table 1.

Within stimulus AT, participants paid the least visual attention to the picture showing the farm
building. Although the differences are in most cases not significant, the AOI Building received least
fixations, was fixated for the shortest time and average fixation duration was lowest. One participant
did not fixate this AOI at all. Median fixation time and median average fixation duration were
the longest for the AOI Hydroponics.

In stimulus AN, in contrast, median fixation counts and fixation time were lowest for the AOI
Hydroponics. Within this stimulus, the AOI Aquaculture received most visual attention reflected in
the highest number of fixations and the longest fixation time.

Comparing the stimuli AT and AN, the AOIs Building and Aquaculture of stimulus AN seemed
to be visually more interesting. Both AOIs received significantly more fixation counts and were fixated
significantly longer than the same AOIs of stimulus AT. The average fixation time of the AOI Building
was also significantly longer for stimulus AN. Interestingly, the average fixation duration of the AOI
Hydroponics was significantly shorter for stimulus AN compared to stimulus AT.
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Table 1. Eye tracking measurements (median [lower quartile, upper quartile]) related to the picture
AOIs of the respective stimulus.

Stimulus Building Aquaculture Hydroponics Statistics 1

Number of participants who
hit the AOI

AT 17 17 18
AN 18 18 18

Fixation count (n)

AT 5.50 [3.75, 10.00] 8.00 [2.75, 12.50] 8.00 [1.75, 16.00] χ2 (2) = 3.57
p = 0.167

AN 9.00a [4.00, 11.00] 12.00b

[7.25, 16.00] 7.00ab [5.00, 12.25] χ2 (2) = 10.94
p = 0.004

Statistics2 z = −1.97
p = 0.48

z = −2.37
p = 0.018

z = −0.37
p = 0.710

Fixation time (s)

AT 1.49 [0.74, 2.07] 1.75 [1.17, 3.88] 2.10 [0.66, 4.32] χ2 (2) = 5.78
p = 0.056

AN 2.21a [1.13, 2.81] 2.67b [1.45, 3.80] 1.79ab [1.02, 3.47] χ2 (2) = 8.11
p = 0.017

Statistics2 z = −2.42
p = 0.016

z = −2.20
p = 0.028

z = −1.28
p = 0.199

Average fixation time (s)

AT 0.21a [0.15, 0.23] 0.26ab [0.20, 0.35] 0.29b [0.26, 0.32] χ2 (2) = 8.44
p = 0.015

AN 0.25 [0.22, 0.29] 0.25 [0.20, 0.30] 0.25 [0.20, 0.30] χ2 (2) = 0.33
p = 0.846

Statistics2 z = −2.63
p = 0.008

z = −1.02
p = 0.306

z = −3.07
p = 0.002

1 within stimulus: Friedman-test; different superscripts indicate statistically significant differences identified by
post-hoc Dunn test with Bonferroni correction; 2 between stimuli: Wilcoxon signed rank test.

3.2. Questionnaire

3.2.1. Evaluation of Aquaponics

Most of the participants were positively inclined towards aquaponics production (Figure 3).
More than two-thirds tended to think that it is a good idea to combine fish and plant production in
a recirculating system, that aquaponics has good future prospects and, that aquaponics represents
a good opportunity for sustainable food production. These participants answered these statements
with points 4 to 6 on the Likert-scale. The answers to these three items correlate strongly positively
with each other, with p < 0.01 for all correlations (Table 2).
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Table 2. Correlations between the responses to the four items used to determine the participants’
attitudes towards aquaponics.

Aquaponics is an Agricultural
Production System with Good

Future Prospects.

Aquaponics is a Good
Opportunity to Produce

Sustainable Food.

I Like the Idea of Producing
Fish and Food Plants in
a Recirculating System.

For me, aquaponics is too far from nature. rs −0.349 −0.391 −0.307
p 0.155 0.109 0.215

Aquaponics is an agricultural production
system with good future prospects.

rs 0.783 0.610
p <0.001 0.007

Aquaponics is a good opportunity to produce
sustainable food.

rs 0.630
p 0.005

The answers to the fourth item, ‘For me, aquaponics is too far from nature’, correlate negatively with
the answers to the three aforementioned items, p > 0.05. Half of the participants quite clearly rejected
the statement (points 1–2 on the Likert-scale) the other half agreed more with the statement (points 3–5).
Nobody fully agreed (point 6 on the Likert scale) with this item. Even though the correlations between
the fourth item and the other items are not significant in our sample, the similarity of the three
correlation coefficients suggests that the evaluation of aquaponics may be linked to the perceived
naturalness of the production method.

3.2.2. Evaluation of Aquaponics Variants

Table 3, which categorises the associations with AT and AN, gives a first impression of
the participants’ assessment of these aquaponics variants. The participants associated both farms with
sustainability. In this study, ‘sustainability’ is interpreted as environmental sustainability, the most
common understanding of this term [40]. AT was much more frequently associated with the rather
positive terms ‘innovative’ and ‘interesting’ but also with the rather negative term ‘artificial’ than AN.
Two participants linked AT to factory farming. In contrast, participants associated AN much more
frequently with the positive terms ‘natural’ and ‘animal welfare’ than AT.

Table 3. Associations with the aquaponics farms AquaPonTec (AT) and AquaNatura (AN): Share of
responses in each category relative to total responses for each farm in percent (total responses AT: 63;
total responses AN: 53).

Category Subcategory Farm AT Farm AN

General properties of the farms
Innovative 14.29 3.77
Interesting 9.52 3.77

Environmentally
sustainable 11.11 16.98

Aspects of fish farming Factory farming 3.17 0.00
Animal welfare 0.00 9.43

Artificiality vs. naturalness Artificial 9.52 3.77
Natural 1.59 16.98

Neutral associations
Related to environment 23.81 18.87

Related to urban farming 4.76 0.00
Related to research 7.94 0.00

Other associations
(neutral/positive/negative)

Related to information 4.76 7.55
Related to products 3.17 3.77

Not assignable 1.59 5.66

Uncertainty Questions/uncertainty 4.76 9.43

The category ‘uncertainty’ includes questions regarding the system size ‘Does it also exist in
a larger version?’, to the taste of the products ‘Does it taste good?’, ‘Do vegetables from aquaponics
taste different from conventionally produced vegetables?’ and to animal welfare ‘How are the fish?’.
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This category also contains responses disclosing a lack of information about the fish, such as ‘Where are
the fish?’ or ‘How many fish are in such a basin?’.

Figure 4 allows a more precise evaluation of the participants’ preferences regarding the aquaponics
variants shown. The information about AN seemed to be more convincing since the majority of
the participants preferred AN for all the questions asked to determine the preferences for one of
the farms. However, abstentions occurred in six of the seven questions. Interestingly, some people
would rather invest in AT but would prefer AN in other cases. For instance, two participants would
prefer to live next to AN, but would rather invest in AT. Two people would rather buy vegetables from
AN, and three persons would rather buy fish from AN, even though they would rather invest in AT.
Only one participant would prefer to invest in AT and buy vegetables from AT. All participants who
would definitely or rather prefer AT were male. This applies for each of the seven items.
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Figure 4. Responses to the seven questions asked to determine the participants’ preferences regarding
the aquaponics variants shown. The overarching question was: ‘For each of the following questions,
please indicate which variant of aquaponics production you would choose’.

3.2.3. Missing Information

Seven participants answered the question ‘Did you miss any text/picture information’ with
‘yes’. Six of these participants requested additional information about the fish, with five participants
criticising missing pictures of the fish and one participant criticising missing information about the fish
species and the design of the fish basins. Together with two other participants who had indicated in
their associations with the aquaponics variants (cf. Section 3.2.2) that they would have liked to see
pictures of the fish, eight participants (44%) missed information about the fish.

3.3. Linkage of Eye-tracking and Questionnaire Data

3.3.1. Gaze Behaviour Depending on Perceived Naturalness of Aquaponics

Figure 5 contrasts the participants’ gaze patterns depending on the perceived naturalness of
aquaponics. For the first stimulus, which explained the aquaponics cycle, the heat map of group 1
(Figure 5a; participants who perceived aquaponics as not too far from nature) differs only slightly from
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the heat map of group 2 (Figure 5d; participants who perceived aquaponics rather as too far from
nature). Apparently, the participants of both groups were similarly interested in the visual information
given in this stimulus. The situation is different for the second and the third stimulus. The heat
maps suggest a greater interest of group 1 (Figure 5b,c) in the pictures of both stimuli compared to
group 2 (Figure 5e,f). The allocation of visual attention to the text sections also seems to differ between
the participant groups.

(a) (b) (c)

(d) (e) (f)

Figure 5. Heat maps representing the fixation intensity of group 1 (upper row) and group 2 (lower row)
for the respective stimulus: aquaponics cycle (a,d); AquaPonTec (b,e); AquaNatura (c,f). Colour changes
from blue to green to yellow and finally to red show an increasing fixation intensity. Participants of
group 1 perceived aquaponics as not too far from nature, participants of group 2 perceived aquaponics
as rather too far from nature.

The differences in gaze behaviour observed in the heat maps of the second and the third stimulus
were quantitatively analysed within the marked AOIs. Since fixation time is the basis for generating
the heat maps [38] and a key indicator for cognitive processing time [37], this measurement is reported
for all text and picture AOIs for each participant group. As Table 4 shows, no significant differences
could be observed between the groups in the text AOIs. However, group 2 seemed to be particularly
interested in the text sections about aquaculture. Median fixation time of this group was 5.21 s longer
for the AOI aquaculture in stimulus AT and 2.54 s longer for the same AOI of stimulus AN compared
to the median fixation time of group 1.

When comparing the fixation time of the text AOIs within the groups, it should be noted that
the respective text sections contained a different number of words (cf. Appendix A). Both groups
fixated the text AOIs, which contained the farm philosophy of the respective farm, for the shortest
time. These were also the text sections with the fewest words. However, differences in fixation time
between the text AOIs were only significant in group 1. Participants of this group spent the most time
reading the text of the hydroponics section. Participants of group 2 spread their visual attention more
evenly across the text AOIs of the respective stimulus.
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Table 4. Fixation time in seconds (median [lower quartile, upper quartile]) of the text AOIs of stimulus
AT and AN, for participants who perceived aquaponics as not too far from nature (group 1) and those
who perceived aquaponics rather as far from nature (group 2).

AOI Farm Aquaculture Hydroponics Statistics1

Stimulus AT

Group 1 6.18a [5.01, 7.33] 9.32ab [7.63, 11.50] 10.92b [8.59, 12.76] χ2 (2) = 9.56
p = 0.008

Group 2 6.12 [5.45, 11.82] 14.53 [8.44, 17.41] 8.78 [8.22, 10.70] χ2 (2) = 4.22
p = 0.121

Statistics2 U = 36.00
p = 0.730

U = 25.00
p = 0.190

U = 28.00
p = 0.297

Stimulus AN

Group 1 7.62a [5.99, 8.69] 8.38ab [6.55, 11.24] 9.68b [8.00, 12.46] χ2 (2) = 8.00
p = 0.018

Group 2 7.99 [6.46, 9.47] 10.92 [8.46, 15.29] 11.26 [7.94, 12.98] χ2 (2) = 3.56
p = 0.169

Statisitics2 U = 31.00
p = 0.436

U = 24.00
p = 0.161

U = 38.00
p = 0.863

1 within group: Friedman test; different superscripts indicate statistically significant differences identified by
post-hoc Dunn test with Bonferroni correction; 2 between groups: Mann–Whitney-U test.

Table 5 shows the fixation times of the groups for the picture AOIs. As the heat maps already
suggest, group 1 fixated all picture AOIs considerably longer than group 2, with the exception of
the picture AOI Building of stimulus AT. The differences in fixation time between the groups were
significant or nearly significant for all picture AOIs of AN.

Table 5. Fixation time in seconds (median [lower quartile, upper quartile]) of the picture AOIs of
the respective stimulus, for participants who perceived aquaponics as not too far from nature (group 1)
and those who perceived aquaponics rather as too far from nature (group 2).

AOI Building Aquaculture Hydroponics Statistics1

Stimulus AT

Group 1 1.19a [0.75, 1.99] 2.79b [1.32, 4.19] 2.98b [1.88, 5.66] χ2 (2) = 10.67
p = 0.005

Group 2 1.79 [0.46, 2.30] 1.40 [0.24, 3.07] 1.58 [0.41, 3.87] χ2 (2) = 0.89
p = 0.641

Statistics2 U = 37.00
p = 0.796

U = 24.00
p = 0.161

U = 23.00
p = 0.136

Stimulus AN

Group 1 2.57 [2.17, 3.11] 3.11 [2.52, 5.23] 2.44 [1.79, 4.06] χ2 (2) = 4.22
p = 0.121

Group 2 1.20 [0.42, 2.24] 1.60 [0.75, 3.76] 1.06 [0.72, 1.85] χ2 (2) = 4.67
p = 0.097

Statisitics2 U = 14.00
p = 0.019

U = 18.00
p = 0.050

U = 12.00
p = 0.011

1 within group: Friedman test; different superscripts indicate statistically significant differences identified by
post-hoc Dunn test with Bonferroni correction; 2 between groups: Mann–Whitney-U test.

Comparing fixation time between the AOIs within each group, group 1 fixated the picture AOI
Building of stimulus AT significantly shorter than the other two AOIs of this stimulus. In contrast,
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group 2 fixated all picture AOIs of stimulus AT for a similar time span. In stimulus AN, no significant
differences in fixation time of the picture AOIs could be observed within the groups. Both groups
tendentially fixated the AOI Aquaculture of this stimulus the longest.

3.3.2. Gaze Behaviour and Interest in Information about the Fish

The interest in additional information about the fish is reflected in the participants’ gaze behaviour
within the AOI fish basin window (Figure 6). Mann–Whitney-U tests show that participants who
criticised missing information about the fish tended to have more fixation counts (Mdn = 3 vs. Mdn
= 1; U = 20.00, p = 0.083) and a longer fixation time (Mdn = 0.56 vs. Mdn = 0.20 s; U = 19.00, p = 0.068).
Average fixation duration was significantly longer for these participants than for participants who did
not miss any information about the fish (Mdn = 0.24 vs. 0.17 s; U = 16.00, p = 0.034).
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4. Discussion

Previous work has stressed the importance of informing key stakeholders and different target
groups about aquaponics to support the dissemination of this production method and to ensure
long-term economic sustainability [12,13]. However, these studies have not focused on information
content and its perception by information recipients.

4.1. Visual Attention to Information Contents

In this study, visual perception of information about aquaponics was explored using eye tracking.
The results indicate that allocation of visual attention is linked to the specific information content and to
the evaluation of the naturalness of aquaponics production. Considering the trend towards an increased
use of realistic pictures in agriculture public relations, the information about two aquaponics farms
was designed with realistic pictures of aquaponics systems, supplemented by text elements. The eye
tracking results show that the participants gathered their information from both text and picture sections
of the information material. In accordance with previous studies, they fixated the text AOIs significantly
longer than the picture AOIs [41,42]. This is primarily due to the fact that viewers can encode much
more information per fixation from a picture than from a text [41]. A person needs one to two seconds
to capture the information encoded in a picture of medium complexity. In the same period, about five
to ten words can be read. Such few words are usually not able to convey such complex impressions
as a picture [43]. The result could also be attributed to the fact that the text was more informative for
the participants [42]. Furthermore, the participants’ knowledge that they have to complete a survey
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after the eye tracking might have contributed to an extended fixation time of the text, since the task can
influence the gaze behaviour [42,44]. Perhaps they wanted to gather as much information as possible
from the text to be well prepared to answer the survey. The correlations between the fixation time of
the text of AT and AN, respectively, between the fixation time of the pictures of AT and AN indicate
that personal traits, such as preferences for either pictures or for text and reading speed, may also have
influenced the gaze behaviour.

Even if total fixation time of the picture AOIs does not differ between the stimuli AT and AN,
the fixation time of the individual picture AOIs differs within the respective stimulus and between
the corresponding AOIs of the two stimuli. The low interest in the AOI Building of stimulus AT could
be explained by the monotonous design of the picture. A white company building with a grey paved
entrance area dominate the picture, the picture content and the colours do not have an activating
effect [43]. Moreover, the content of the picture can be captured quickly. Similar buildings exist
in almost every industrial zone, so everyone knows the sight of such a building from everyday
life. One participant did not fixate this AOI at all. This does not mean that this person did not
receive any information from this picture. It could be that the participant had captured the picture
peripherally [28,43] and considered a closer inspection superfluous.

Even if one participant did not fixate the AOI Aquaculture of AT, this AOI and the AOI
Hydroponics seemed to be informative for the other participants despite the monotonous appearance
of the pictures. A picture or an object in a picture is informative to the extent that it is unexpected given
the rest of the information and the observer’s previous experiences [45]. Since society’s knowledge of
modern aquaculture is generally low [21], the participants may have been surprised by the high-tech
appearance of the recirculating aquaculture system. And even though the participants should know
the production of greenhouse crops, the cultivation system presented might have been new for them
and therefore interesting. The longer fixation times and the longer average fixation durations of these
AOIs might represent the cognitive effort to add the pictures into an existing scheme of knowledge
and understanding [45].

Within stimulus AN, the participants paid most visual attention to the AOI Aquaculture.
Here too, the participants might have tried to synchronise the picture content with their previous
experiences. In addition, the picture contained some emotional elements. Emotional elements attract
and maintain the observers’ attention and can generate positive moods, even if they are perceived
only peripherally [43,46]. Emotional elements of this AOI that might have created positive moods are
the surrounding trees and plants as well as the aquatic plants in the fish tanks. Another emotional
element could have been the fish, although they were only vaguely visible through a window integrated
into the fish tank. This fish tank window was of particular interest to participants who criticised
insufficient information about the fish. Specifically, the long average fixation duration indicates a higher
cognitive load on this participant group. This cognitive load may have resulted from searching for
the fish behind the window, since search tasks are usually associated with longer fixation durations [28].

4.2. Relationship between Gaze Behaviour and Evaluation of Aquaponics Production

Our study also suggests a relationship between gaze behaviour and evaluation of aquaponics
production. In line with previous studies [21,22], the majority of participants had positive attitudes
towards aquaponics. However, this openness towards the production method seemed to be related to
its perceived naturalness. Although all participants had received the same information in the same
order, they evaluated naturalness of aquaponics quite differently. Participants who assessed aquaponics
as more natural had paid more attention to the pictures of AT and AN. This might be an indication
for primarily stimulus-driven gaze behaviour. Perhaps these participants liked the general idea
of aquaponics as described in the first slide. Therefore, they might have been less critical against
the specific production design and saw no reason to read the text very intensively. In answering
the questionnaire, these participants might have primarily remembered the information they had seen
last (‘recency effect’) and made their assessment against that backdrop [26]. The gaze behaviour of
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participants who were less interested in the pictures and more interested in the text might have been
more goal-driven. Higher motivation and involvement with a particular issue related to food choices
can result in a search for specific information, thus leading to longer fixation time [47,48]. Perhaps
these participants are more sceptical about innovations in general or (new) intensive food production
methods. Possibly, the text in combination with the pictures of the high-tech farm notably confirmed
their caveats and they rated aquaponics as rather far from nature because of a ‘Halo effect’ of this
information. It is equally conceivable that for these participants, ‘natural’ fish production should
always be associated with open water (e.g., outdoor ponds) and ‘natural’ crop production should
always be linked to soil.

4.3. Evaluation of Aquaponics Variants

Our results indicate a considerable influence of farm design on the evaluation of aquaponics
variants. Participants associated both farms with environmental sustainability, a trait well
accepted by the public in terms of aquaculture production [49]. In addition, AT was perceived
as innovative and interesting. Nevertheless, these aspects did not convince most of the participants
of the advantageousness of AT. A high degree of innovation combined with a high artificialness
may have made it difficult to fully understand the production process and to recognise all benefits
of the system [50]. Even if all participants should be familiar with intensive farming methods due
to their professional background, they might have biased by the assumption that sustainable food
production should always be ‘natural’. Soil-less crop production does not fit this vision [51] just
as closed recirculation aquaculture systems do not meet expectations for production close to nature [21].

The participants’ preference for AN might be due to the use of substrate in hydroponics
and to the integration of the fish tanks in a greenhouse with soil-based crop production.
Furthermore, the participants might have rated fish welfare in AN better than in AT. Previous studies
have shown that most people expect good housing conditions for the aquaculture fish [21,49].
For highly engineered recirculating aquaculture systems as shown in stimulus AT, fish welfare is
heavily doubted by laypersons [21]. In our study, two participants linked AT explicitly with ‘factory
farming’, an aspect that has been controversially discussed in other areas of animal farming for
years [17,22,23]. The negative evaluation of intensive farming systems can be influenced only slightly
by rational arguments, such as sustainability, reduced disease pressure, work safety or food security
as fundamental ethical considerations are hurt [21,52]. Apparently, also in the case of AT the advantages
(e.g., ideal condition for fish growth, top-quality products) mentioned in the text did not convince
the participants. In contrast, images with nature-related contents are pleasant for the human feeling [53]
and can influence the assessment of animal welfare in a positive manner [17,21,54]. This is because
naturalness and contact to outdoor areas act as key factors for assessing the adequacy of a husbandry
system by laypeople [17]. The environmental conditions in stimulus AN, where the fish basins were
located in a greenhouse, may have created an impression of naturalness due to the exposure to daylight,
the surrounding plants and the aquatic plants in the basins and thus, they may have improved perception
of fish welfare.

As investors, some participants would prefer AT, even if they had decided against AT in other
points. It is conceivable that familiarity with intensive livestock farming or considerations related to
labour organisation and fascination for technology led to this result [55]. It might also be possible
that in the role of an investor, possible negative external effects of an aquaponics farm are neglected.
This result could be an indication that potential investors may have a different focus when assessing
aquaponics systems than the public. This might be a challenge for communication as well as for
the successful dissemination of aquaponics. A very divergent view of potential investors compared
to other stakeholder groups could lead to innovation failure if investors are not willing to debate
with other stakeholders and to take their concerns and demands into account [15]. With regard to
communication, it seems important to focus on the aspects relevant to the respective stakeholder group,
this means to provide target-group oriented information.
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4.4. Limitations of the Study and Suggestions for Further Research

However, to underline the interpretations mentioned above, further research is necessary.
Since the study was designed as a pilot study, the number and choice of participants was limited.
Even if the participants could be considered as laypersons with regard to aquaponics, they all were
some kind of experts regarding agriculture. In this context, it should be noted that differences in values
and norms between people from the public and those working in agriculture can strongly influence how
pictures and practices of agriculture are perceived and evaluated [17,56]. Thus, the results may not apply
to potential key stakeholders such as the German or European public. Another question the study cannot
answer relates to cause and effect. The relationship between top-down and bottom-up processes in gaze
behaviour makes it difficult to define gaze behaviour as either an independent or a dependent variable [28].
Our study does not allow any interpretation if the results of the questionnaire can be explained by gaze
behaviour or if gaze behaviour can be explained by the results of the questionnaire. On the one hand,
gaze behaviour could have been influenced mainly by the participants’ general attitudes towards food
production, and these attitudes were reflected in the responses to the questionnaire. It is equally possible
that the information provided has mainly influenced the participants’ attitudes towards the aquaponics
systems. In further studies, a survey could be carried out before and after the eye-tracking procedure to
clarify this problem. Furthermore, additional neuroeconomic methods such as electroencephalography
(EEG) or mobile functional near infrared spectroscopy (fNIRS) could be used to gain an even deeper
understanding of perceptual processes during information reception [57]. Possible effects of the task
or experimental situation on gaze behaviour might be reduced by carrying out future experiments
under more natural conditions. For example, wearable eye-tracking glasses could be used to track
peoples’ gaze behaviour when looking at a real flyer in a situation without limitation of viewing time.
Another interesting question to be addressed in further research is whether and how the design of
aquaponics systems affects the willingness to pay for aquaponics products.

5. Conclusions

The present study indicates that eye tracking in combination with standardised personal interviews,
could be a useful approach to better understand perception and evaluation of information about
aquaponics. The results can provide first impulses for the development of information material about
aquaponics and for the development of aquaponics itself. If the intention of the information is not
only to inform but also to promote the dissemination of aquaponics, picture design, as well as the text
content of communication material, should be carefully tested in advance. In this context, it may be
advisable to emphasise the use of natural cycles in aquaponics production. Pictures depicting fish in
their housing environment could be useful to make aquaponics production more transparent and to
meet information needs regarding the fish. At least for certain target groups, it seems important that
aquaponics production is not only based on natural cycles but also takes place in a more ‘natural’
environment. The findings could be a starting point to identify ways to make aquaponics production
attractive for different target groups, a prerequisite to support the diffusion of this production method
as well as sustainable consumption patterns. In this context, more research is needed to better
understand the effects of different types of information material on different target groups.
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Translation of the text of the second (AT) and third (AN) stimulus. The number of words of the German
text is indicated below each text section:

Second stimulus (AT): AquaPonTec

We produce food fish and vegetables with high professional competence. With aquaponics, we use
state-of-the-art knowledge to guarantee our customers sustainable products of first-class quality.

The German version contains 26 words.

Our aquaculture section:

Our fish need silence, darkness, food and optimal water parameters for good growth. With our modern
recirculating aquaponics system, we consume significantly less water and can keep considerably more
fish safely than in a pond.

The German version contains 42 words.

Our hydroponics section:

The second system component of our facility is hydroponics, where we primarily produce lettuce
and basil. The plants are cultivated in gutters in which the plant roots are continuously washed around
by the filtered, nutrient-rich water from the aquaculture.

The German version contains 39 words.

Third stimulus (AN):

AquaNatura

Our passion is the sustainable production of high-quality food for our customers. With aquaponics,
we use a method that is based on natural cycles and is therefore particularly resource-efficient.

The German version contains 31 words.

Our aquaculture section:

Animal welfare is very important to us. The fish get enough space to realise their natural behaviour.
To offer our fish optimal conditions, they grow up in tanks that are integrated into our greenhouses.

The German version contains 36 words.

Our hydroponics section:

We focus on diversity in plant production. We produce lettuce, chard, tomatoes and various herbs.
The plants find support in a substrate made of expanded clay and are supplied with nutrient-rich
water from the aquaculture.

The German version contains 36 words.
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