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Abstract: Despite their prevalence in almost all publicly orientated conservation settings, sign design receives
limited attention in the research literature. We used a remote eye-tracking device to test how visitors read
educational signs, maps, and species signage. Three designs, plus a plain-text control sign, were tested for each
sign type. Sign content was based on Brackenhurst Botanic Garden, Kenya and included four different
information texts (156-256 words long) and a species information text (64 words long). Four presentations of
extinction threat-status were also tested as were depictions of trail routes on maps. Data were collected from
51 participants at six cultural venues across Nottingham, UK. Signs positioned centre-left of an exhibit were
read first. Information on the left-hand side of signs was read first and dwelled upon the longest. Signs with a
single large image and a single block of text were generally preferred, and images were most frequently
recalled. Extinction threat-status was most frequently viewed and best recalled from green-red thermometer
diagrams and least from the IUCN red-list diagram. Map routes were clearest when presented as coloured
solid lines. This study indicates the potential benefit of eye-tracking research for measuring sign use and
assisting in sign design.

Keywords: museum labels; zoo signage; visitor information; map design; sign design; threat status;
botanic gardens

1. Introduction

Information signs are a common feature of botanic gardens, zoos, and other cultural and
conservation venues. They provide valuable information to direct visitors and educate them about
the work of an organisation or about a particular species, environment, or exhibit. Information boards
are relatively cheap to produce, require little maintenance and provide a constantly available source
of information [1,2] Consequently, they remain the main way of presenting information to visitors.
Within zoos, animal information signs are estimated to be read by 10-30% of all visitors [3-6]. When
extrapolated to the 700+ million visits to zoos globally each year [7], this equates to a potential 70-210
million sign readers in zoos alone. Therefore, the seemingly humble sign has a potentially enormous
reach.

Environmental education is crucial for tackling climate change. Whilst the presence of a docent
may increase an individual’s learning [8], most visits are self-led. As such, understanding what
information visitors engage with is vital to ensure that the best possible communication is provided.
Despite their important role, there is still a lack of information about how to produce impactful signs
for conservation and environmental education.

For example, in the UK, government guidelines for licensed zoos and aquariums require them
to provide accurate information and include at minimum ‘the species name (both scientific and
common), its natural habitat, some of its biological characteristics and details of its conservation
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status’ [9]. However, there is no information on how this information should be presented, leaving
organisations to design their signage themselves. For botanical gardens, there is even less support.
Whilst guidance on sign content may be useful, Fraser et al. [10] found that visitors may prefer
different aspects of sign content to what is recommended.

A few studies have provided some insight into sign use. Museum studies suggest shorter texts
are read for longer and have increased recall than longer texts [11,12]. Recommendations for sign
length are between 30 — 100 words [13], made up of short sentences [13-16]. Bitgood et al. [17] found
that whilst 12% of respondents read texts of 100 words (n = 43), only 4.5% read those exceeding 200
words. Yet even where signs are short, they are often not read in full [18]. They refer to this as the
General Value Principle, where readers minimise the mental energy cost of reading for maximum
information gain [19]. As museums may attract more learning motivated individuals than other
venues [20], it is possible that visitors to zoos and botanic gardens may read even less. This is
supported by preliminary studies in zoos which suggest that visitors read and recall mainly
information from the top line of the sign or when information is presented as separate chunks [21].
Also based on the General Value Principle, is the idea that signs should follow a consistent layout
throughout a venue to make information easier to find and should be positioned on the main path
and at a height suitable for easy viewing [13,14].

Signs can draw attention to exhibit content and significantly increase holding power [22].
However, estimates of sign dwell times vary. Visitor observations at a zoo exhibit suggest individuals
look at interactive interpretation signage for 12 seconds on average and non-interactive interpretation
for just one second [22]. Other estimates of average sign holding power are around 5 seconds [23,24]
and an average of 71 seconds for total sign viewing within an exhibit area [24]. Factors such as visit
motivations and presence of children were reported to affect viewing times [20,23,24]. Additionally,
the sign content (its attraction and holding power) can affect dwell time and number of views [6].

Most sign research is based on observing a visitor’'s movements and assuming sign reading
based on whether a visitor stops in front of a sign for a given period. Until recently this has been the
best measure of interaction, despite longstanding criticism that it doesn’t provide an accurate
measure of reading [18]. However, using eye-tracking technologies it is now possible to measure an
individual’s specific reading behaviours.

Eye Tracking Research

The use of eye tracking research is still relatively novel. The high costs of technology and
processing software have previously been prohibitive for many research projects. Whilst devices for
measuring eye movements are becoming more affordable, there are still issues relating to
interpretation of data and privacy issues if recording conversations and visual recordings in a public
place. Gradually, eye-tracking research is appearing in the educational research literature [25] and to
test visitor use of exhibits [26,27].

Eye tracking devices work by measuring gaze co-ordinates. They measure fixations (when an
individual focuses on a point for between 100-600ms) and saccades (quick eye shifts between points
lasting fewer than 100ms)[26]. Measuring these two aspects provides an indication of how long and
in what order an individual reads information. Remote eye tracking can also identify how often a
particular object or aspect of a text (an Area of Interest (AQOI)) is viewed [28].

Mason et al. [25] used eye tracking to examine 49 children’s use of textbooks (text and pictures)
and measured reading, comprehension, and recall. They showed a correlation between the duration
of eye fixations and the depth of learning, thus demonstrating, that fixation and dwell times are
reasonable indicators of learning.

Krogh-Jespersen et al. [27] used eye-tracking glasses within the context of a science museum.
This study provides the first detailed analysis of how visitors engage with an exhibit space including
how interpretation signage is used. They found that visitors fixed their gaze on posters for between
0.22 seconds and 5.16 seconds. Across 11 information signs in an exhibit the average total fixation
time was 1 minute 37 seconds and for individual signs average fixation ranged between 1.44 and
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14.12 seconds. This reiterates that information provided by signs must be presented as quickly and
clearly as possible.

A 2022 study of biology undergraduates visiting a zoo exhibit used eye-tracking to test sign use
and found a high rate of sign observation (91.0 seconds), much longer than the time spent viewing
the animals in the exhibit (10.5 seconds)[29]. Whilst this study is useful in adding to the
understanding of exhibit and sign use, and does use eye-tracking software, the motivations of the
participants (students on a university visit) potentially reflect a different use pattern than the typical
Z0o0 visitor.

We are unaware of any study to date that focuses on the topic of Botanic Gardens in eye-tracking
studies.

Study Location and Purpose

This study aimed to investigate sign reading preferences and reading patterns amongst visitors
to cultural venues. Sign content was based on Brackenhurst botanical garden and eco-resort in
Limuru, Kenya (https://www.brackenhurst.com/). This site has undergone major ecological
restoration over the past 24 years to remove invasive species such as Eucalyptus (Eucalyptus spp.) and
replant native species. As well as attracting locals, the site is aimed at an international audience with
a strong connection to the UK. The site has several public trails through the newly restored forest and
the interpretation boards were designed to inform visitors about the history and ecology of the site,
maps of walking trails, and specific tree species information.

Whilst text content was site specific, the signs were designed to test features common to
information signs found more broadly across visitor attractions.

We examined:

e  The order in which a sign was read (which sections were read first)

e Duration of reading

e Information recall

e  Visitor sign design preferences

e  The most effective way of delivering species threat-status information.
e  The most effective way of presenting map layouts

Due to coronavirus restrictions at the time of data collection, we were unable to use eye-tracking
glasses to test sign use in-situ in Kenya, therefore, remote eye-tracking was used to test sign reading
amongst UK visitors to other cultural venues (museums, galleries, historic sites). We acknowledge
that sign reading may differ between cultures and venues, however, feel that our findings can still
aid general information sign design. This study is one of only a handful to date which test sign
reading within a cultural venue using visitors (and not in a laboratory setting).

2. Materials and Methods
Data Collection

Data were collected between 19t and 23 July 2021 at several cultural venues in the city of
Nottingham, U.K. (Nottingham Contemporary Art Gallery, Wollaton Hall Stately Home, Southwell
Minster and three campuses of Nottingham Trent University).

The experiment was set up in a main corridor of each venue and visitors were asked to
participate in the study as they passed by. Once one individual had completed the experiment the
next person to pass-by was asked to participate. The study took place the first week after coronavirus
restrictions were lifted in the UK, as such, numbers of participants were lower than expected at other
times.

Respondents were asked to view four information signs, a map, and a species sign. Four
alternative designs were available for each sign/ map, and these were rotated between participants
to ensure that all sign designs were viewed a similar number of times and exclude the impact of
viewing order (see Appendix Al for the combinations of sign presentations and order of viewing).
Between viewing each sign design, respondents answered a question about the information or design
that they had just seen.
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Signs and questions were presented on a large digital screen. Whilst visitors viewed the
information their eye movements were recorded by a remote tracking bar (SMI remote eye tracking
[30]). This provided information about which areas of each sign participants viewed and the duration
of viewing. As the primary aim of the project was to examine viewing behaviour and not test
knowledge, we did not use a pre-post design. It was felt that asking individuals a question before
viewing each sign could bias respondents to look for that answer in the sign. As the information
presented was about a specific site in Kenya and respondents were in Nottingham, U.K. it was felt
that the information was sufficiently novel that correctly recalling information was an indication that
that information had been acquired from the sign itself.

Signs were presented for 30 seconds (30000ms). This is substantially longer than the typical
dwell duration of signage as shown by Krogh-Jespersen et al. [27] and was similar to the average
duration for viewing artwork [31]. We selected 30 seconds as we did not want participants to feel
rushed when presented with information. However, we acknowledge that in-situ the signs would
likely be read for a much shorter time. To combat this, we examined which sign sections were viewed
first and time of first fixation.

Creating the Test Signs
Information Signs

Four information texts, between 156 — 256 words in length (average 210 words), were created
covering the topics of: 1. History of the Project, 2. Invasive Species, 3. Restoration Ecology and 4.
Habitats (with a focus on birds). Each text was then presented as four different sign designs (Table
1), creating a total of 16 different information signs. The four designs represented three commonly
used information board design layouts used in zoos, museums, and galleries (author comms.) These
included: D1. large picture plus side text, D2. central picture with text surrounding, D3. boxes with
chunked text and pictures, and D0. a black and white plain text used as a control.

Table 1. Variants of each sign design tested in the study.

Variants
D0 = Control (Plain text [Arial

Description Example

Sign type
Information Four different texts

board providing information ~ font] no pictures)
about the Brackenhurst, Title: top centre
Kenya, restoration QR: bottom centre
ecology project. D1= Large picture with a
156 - 256 words. single block of text
1 = History Title: top
2 =Invasive species QR: top left
Z ; Ee;;cilz‘;:on ecology D2 = Central picture with
chunked text around
Title: top centre
QR: bottom centre
D3 = Chunked text and
pictures
Title: bottom centre
QR: top centre
Species A species information 0 = control i
sign sign for a tree species. (Word: Least Concern, outline
Included species name  continent map)
(common and
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scientific), basic
description,
distribution, and threat
status.

All signs had the same
text content with
varying map and threat
status.

64 words

1= (IUCN threat bar,
continent map with spp.
range highlighted)

MUBUTTRE e

2 = (Thermometer threat
status, Globe zoomed to
continent, spp. range
highlighted)

MU

3 = (Speedometer threat,
global map with spp. range
highlighted)

MOBUTETHEE e

A scale drawing map of
the Brackenhurst Kenya
site with areas of
interest and key species
shown with
illustrations.

Three walking routes
were plotted on each
map and summarised in
boxes under map
(distance, estimated
time, elevation gain and
an elevation profile
diagram).

Respondents were
asked to look at the map
and select the easiest
route.

MO = control (black and white
with routes marked using
various dotted lines)

M1 = colour map with routes
marked using different
coloured solid lines

M2 = colour map with routes
marked using various dotted
lines all a single colour

M3 = colour map with routes
marked with different colour
dotted and solid lines

For each sign design the size of each text box and image were standardised and only the textual

information changed. The fonts and colours used were defined by the study site (Brackenhurst
Kenya) based on their existing colour schemes. As part of the questionnaire, we asked attitudes
towards this colour scheme and tested colour and font preferences by presenting a choice of fonts
(Appendix A2) and coloured texts on different backgrounds (Appendix A3) and asking respondents
which they found clearest.

Each of the information signs included a QR code with the message that viewers could scan for
more information. The QR code was the same size on all signs but was presented in different locations
(DO: lower-centre, D1: upper-left, D2: upper-right, D3: lower-right). This tested whether the
information was viewed, and which position received the most attention.

The location of the sign’s title also varied across each sign design (DO: centre part of main text,
D1: upper-left directly above main text, D2: upper centre, in own box, D3: lower-centre in own box).

To test the impact of a sign’s location on readability, we created a test image showing the four
signs in location (affixed to a gazebo at the end of a forest trail) (Figure 1). The order of signs was
rotated between participants. The eye-tracking software then recorded which order the signs were
viewed allowing us to test whether it was the sign or the location that impacted viewing preference.
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Figure 1. Example of signs in location. Respondents eye-movements were tracked to test the order in
which the signs were viewed.

Maps

Four maps of the Brackenhurst forest and trails were created, each with the same general
appearance and content but with varying presentations of trails.

Unlike for the other signs, participants were prepped before seeing the map and given a task, to
‘start at the Gazebo (clearly marked on all maps) and look for the easiest trail to walk’. It was not
specified as to what was meant by ‘easiest’ as we wanted to test whether respondents looked at the
route drawn on the map or whether they focused on the summary information about gradient,
elevation, distance, and time. One route (the Meru Oak Trail) was notably easier than the others
(shortest route, least elevation and flattest elevation gradient profile). Respondents were asked to
state which route they had chosen and explain why.

Species Signs

In addition to information boards and maps, we wanted to test how species information signs
are read, in particular how threat status is interpreted. Four species information signs were created,
all containing the same text (64 words) and content information but with varying presentations of
extinction threat status. These included using the International Union for the Conservation of Nature
(IUCN) threat status diagram, presenting threat as a thermometer, as a speed-dial, and as the word
‘Least Concern’ (Table 1). Species information signs were based on the basic requirements for species
information according to UK zoo licencing [9] but instead of an animal species we depicted the
Mubhuti tree (Erythrina abysynica), a key species found in the Brackenhurst botanic garden.

Questionnaire

The 23-item questionnaire was designed to gather information about participants recall of
information and attitudes towards each sign’s design.

Recall questions asked a simple factual question which could be answered by recalling the
information from the sign. Respondents were given a choice of five possible response options and
asked to select one. The questions were based on information found in the top, middle (word 50 —
70), and end sentences of the information signs as well as being asked to recall threat status from
species signs and identify the easiest route from maps.

In addition to recall questions, we used 7-point Likert scales with a balance of positive and
negative phrased question to test respondents’ attitudes to the different sign designs.
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Demographic information was collected regarding participants” age, gender, education level,
frequency of visiting cultural venues (botanic gardens, museums, galleries, or zoos) and their stated
likelihood of reading signage when visiting a new venue.

Finally, respondents were given two open ended questions asking, ‘what if any, information can
you recall from any of the signs?” and to provide ‘any additional comments that would help us
improve the sign design’.

AOI and Gaze Analysis

Gaze analysis was conducted using SMI BeGaze 3.6 [30] software which allowed Areas of
Interest (AQIs) to be identified. We created an AOI around each sign section (for example see Figure
2). Each time a participant looked within that AOI it was counted as a fixation, the total dwell time
and average fixation on each AOI was then calculated. Hotspot maps showing the most frequently
viewed areas were also created.

The Birds of Brackenhurst:
T ToTeeTT ST T T ST POSTToe T O st s

animal divarsity. In lass than 20 years, tha numbar of bird spacias found onsite has increased from 35 to
over 200 and continues to rise

Tha site has threa main habitats: landscaped gardens, indigenous forest and watlands

(Gardans: In this area you can find many small birds including 12 species of sunbird. Rock martin nast under
the roof eaves of the main building. In the main lawn araas, bee-aatars can often ba seen catching insects
mid-fight

Forest: The success of the forest restoration can be seen by the range of native forest species now found
ihere. These include: white starred robin, Hartlaub’s turaco, Narina's Trogon, African wood owl and many
more

Wetlands: In the wellands, several species of warbler, waxbills and weavers can be found amongst the
reeds. Tha dam provides an ideal habitat far larger waterfowl including the African black duck.

Whilst acosystem rastoration has had many positive eflects on spacies, it doesn’t benefit all. Some, such as
the grassiand pipit, profer ovargrown grasslands to tha forest and hava consaquently moved on. This is not a
problem as these grassland species are not endangered.

Did you know?

Bee-Ealers have sharp bristly feathers al the
basa of thair baaks to stop tham from baing
stung.

Pestormg the Indigenous |

orest at Brackenhurst,
enyo, has had a significant
positive impact on plant and
primal diversity. In less than
PO years, the number of bird
pecies found onsite has
Increased from 35 to over
P00 and continues to rise.

[The site hos three main
hobitats: londscoped gardens
Jndigencus forest ans

Jretionds.

L &
[Phir
restoration has had mony
positive effects on species, it e-Eaters have sharp bristly
doesn't benefit all. Some, cathers at the base of their
such as the grassland pt.r

prefer overgrown grossiands
1o the forest and have
consequently moved on. This
is not a problem as these
grassland species are not
endangered.

Figure 2. Examples of Areas of Interest AOIs identified on signs. Green = Title, Yellow = Main Text
Red = QR code, Blue = image.

Data Analysis

We conducted basic analysis using excel, R (version 4.3.3)) and BeGaze [30] software. Data from
eye-track analysis was used to determine duration of viewing, order of viewing and gaze hotspots.
Where a respondent’s gaze tracking had failed to record (this sometimes occurred if a respondent
was wearing glasses as the glare on their lenses prevented eye tracking) these lines of data were
removed from analysis.

Thematic analysis was conducted on longer responses to survey questions. This identified trends
in sign design preference. These were then calculated as a percentage of the total number of
statements given, to see how prevalent these views were.
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Generalised Linear Models (GLMs) were conducted on survey data to test if design preferences
and correct response were correlated with demographic factors (respondents age, education,
frequency of visiting cultural sites, likelihood of reading signs) (see Appendix B1). Data was checked
for skew and heteroskedasticity prior to testing and variables included in models. Variables were
only included in the same model if they had a Pearson’s coefficient r = < 0.7 and a Variance Inflation
Factor <2 [32] .

3. Results

Surveys were completed by 51 participants. When non-viable eye-track recordings were
removed the total data set included 38 species sign recordings, 167 information sign recordings and
38 map recordings.

3.1. Information Signs

There was no statistically significant difference between the sign designs and the amount of
information correctly recalled. However, there was a difference in the amount recalled and the
position on the sign. Information found on the middle lines (70t and 50t words) of the sign had the
highest recall in three out of the four sign types (Figure 3). For signs where information was chunked
(D3), the top line (20 words) and mid-line (50 words) had the highest recall. In contrast information
found on the end line (150t word) had a much lower correct recall rate with none of the respondents
who viewed the control sign (plain text) able to recall information from the last line of the sign
correctly (Figure 3). The pattern of viewing can be examined further in the heat maps (hotspots)
(Figure 4). These indicate a tendency to read from left to right, top to bottom (regardless of the
content). Text in a single block was read the longest (av. dwell 14,905ms, 95%ClI: 12, 858 — 16, 915ms,
modal viewing order: 1st): The next longest dwell times were for text in the upper left corner (av.
dwell 6,008ms 95%CI: 5,042 — 7,025ms, modal viewing order: 2nd) and text in the lower left corner
(av. dwell 5,585ms 95%Cl: 4,644 — 6,545ms,modal viewing order: 5th). Text and pictures in the lower
right corner were the least dwelled upon (Text: av. dwell time 3,244ms 95%CI: 2,465 — 4,080ms, modal
viewing order: 7t; Picture: av. dwell time 840ms 95%CI: 553 — 1146ms, modal viewing order: 8th).
The areas with the highest percentage of no views in the given time were pictures in the lower right
(75.61%), pictures in the lower left (65.85%), and text in the lower right (52.33%).

3.1.1. Titles and QR Codes

Titles written at the top of the sign (D2) were viewed between 523 — 1198ms (average 833ms)
compared to between 344 — 788ms (average 558ms) when written at the bottom of the sign (D3). In
47.9% of cases the title was not viewed at all. Similarly, QR codes were viewed for the longest when
positioned in the top left-hand corner, however, 60.48% of respondents did not look at the QR code,
and one participant even recommended that we should use QR codes on our signs without realizing
that all the signs she had viewed already had QR codes.
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100 W Top line (20 words) Mid-line (50 words)

90 @ Mid- line (70 words) EEnd line (150 words)

80
70
60

50

% correct recall

40

30

20

10

DO: control D1: large picture/block D2: central picture/text  D3: chunked text/
text around pictures

Sign design

Figure 3. Percent (%) of information (question responses) correctly recalled according to where the
information was found in the sign and the sign design. .

Sign content
1.History 2.Invasive 3.Restoration 4.Habitat/
species Birds

DO

D1

D2

=]
DY

Sign Design

Figure 4. Average gaze hotspot maps according to sign design. Red, orange, and yellow represent
areas of more frequent viewing, green, dark green, and blue represent areas of less frequent viewing.
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3.2. Species Signs

Respondents viewing species signs predominantly focused on the text and picture first (50% of
respondents dwelled first on the text and 31.5% of respondents dwelled first on the picture). The
sequence of sign viewing (modal frequency) was 1t text, 2" picture, 3¢ common name, 4t key (fun)
facts, 5 threat status, 6 species distribution map, and 7% scientific name. The average dwell time on
the species sign text (64 words) was 11,910ms (95%ClI: 9,902 — 13,773ms), and on species sign picture
was 1,698ms (95%CIl:1228 — 2236ms).

Species threat status was viewed by most respondents (72.7 — 87.5% of respondents), and recall
was generally high (54.5 — 75.0 % respondents could correctly recall the information) regardless of
how the information was represented (Table 2). Correct recall was highest and dwell time longest
when threat status was presented as a thermometer. The speedometer representation had the second
highest correct recall. The number (%) of respondents viewing and correct recall was the lowest for
the IUCN threat status representation of extinction risk despite this being the most common
presentation of threat status in UK species signs. Stating threat status as a word (control condition)
produced the fastest time of first fixation and was felt by respondents to be the clearest to understand.

Table 2. Comparison of representations of species threat status (extinction risk).

% who
agree-
Av. Time of strongly
% Av. dwell . L.
% who . first fixation agree
Style Example . correct time (ms) Comments L
viewed (ms) extinction
recall  (95%CI) )
(95%CI) risk
information
is clear
1208 ‘extinction risk
Control LeastConcem /N, 875 625 (431 78 informationis ~ 91.7
ontro . . - information is .
Least Concern (86.9—112.1)
2,129) clear.
1975 ‘extinction risk
IUCN threat 150.1 , o
el —em 727 54.5 (994 - information is 69.2
status (98.1-227.3)
3084) clear’
‘[ assume green
is of lower
2432 147.8
Extinction Risk: concern, but I
Thermometer 87.5 75.0 (1617 - (114.4 - 84.6
would put
3297) 181.0)
thermometer the
other way up.’
“green to red
speedometer is
clear’.
1765 137.1 colonrs.cl
xincton Ris: colours clear
Speedometer Ay 4 818 727 (1056- (108.4 - 69.2
‘ /‘ but could do
2562) 173.2) _
with text to
explain
meaning.’
3.3. Maps

Most respondents quickly focused on the map itself (18.42% viewed map first, 52.63% viewed

the map second) and on the word ‘Gazebo’ (10.53% viewed first, 13.16% viewed second) (which was
the start location that we had asked respondents to find on the map) with a minority viewing the trail
information box (2.63% viewed first, 7.89% viewed second). Almost three quarters of respondents
(71.05%) did not look at all at the elevation graphic.
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When asked to ‘look for the easiest route’ 50.9% of respondents said they looked for the shortest
route (Table 3). Map 1 (solid multi-coloured lines) was identified as the easiest to read and produced
the highest number of correctly identified ‘easiest’ routes. Maps with only a single coloured dotted
or dashed line were stated as the most difficult to interpret.

Table 3. Number of correct responses to map route questions, reasons for selecting routes and
whether map design was easy to interpret. For maps M0, M1, M2 there were 13 respondents and 12

respondents for M3.
Map No. (%) of respondents No (%) who slightly — Reason for No. of No. of respondents
who correctly identify strongly agree route choosing respondent (correct responses
easiest route was easy to read route (total) only)
MO 6 (46.2) 7 (53.8) Flattest 3 1
Shortest 4 3
Easiest to 4 2
follow
Another 2 -
reason
M1 10 (76.9) 10 (76.9) Flattest
Shortest 8 8
Easiest to
follow
Another 2 -
reason
M2 6 (46.2) 7 (53.8) Flattest - -
Shortest 7 5
Easiest to 5 1
follow
Another 1 -
reason
M3 7 (58.3) 7 (58.3) Flattest 2 1
Shortest 7 6
Easiest to - -
follow
Another 3 -

reason

3.4. GLM analysis

After Endpoint adjustment, GLM analysis found no significant variables (age, gender, number
of cultural visits or education) to predict correct recall or dwell time of any of the sign sections with
the exception of identifying the shortest route on the map where there was a negative correlation
with gender, but this did not explain any model deviance (Male [-] p=0.023, %D =0, AIC = 68.29).

3.5. Order of viewing signs in-situ

The average order of sign viewing when signs were situated on a path was 1. left-centre, 2. right-
centre, 3. far left, 4. far right. Sign designs were read in the following order D3: chunked sign, D1:
large picture/block text, D2: central picture with text around and lastly DO: control.

3.6. Survey findings and general comments

There was an overall preference for sign title (51%) and main texts (31%) to be in Arial or a
similar font. Colour contrast tests revealed preferences for black text on a white background (23.50%)
and white text on a blue background (21.60%).
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Although not statistically significant, there was a general preference (43.14%) for sign design D1:
large image/block text. Of those who preferred Sign 1, the main reasons stated were that ‘it had one
big image” (n=8), that “the colour scheme of white writing on a dark green background was very clear ‘(n=7)
and that ‘the text information was all in one place’ (n=6). Of the four participants who self-reported as
dyslexic, three selected D1 as their preference with one individual stating that “white [writing] on green
[background] was recommended to help dyslexics retain information’.

The three most common recommendations were for less text (n=19), chunks of information (n=9),
and more images (n=8).

3.7. Information Recall

Respondents recall of sign information at the end of the study was coded into themes (Table 4).
Intra-rater reliability was calculated using Cohen’s kappa at 0.96 (very reliable).

Most respondents (94.12%) were able to recall something from signs. The main themes recalled
from the signs were the images (49.02% of respondents) and information about birds (50.98 of
respondents). However, this information was very limited (Table 4). Extinction information was only
recalled by 5.88% of respondents and conservation information by 21.57%. Respondents recalled
information without prompt, and it is possible that if asked specific questions they may have
remembered more.

Table 4. Content recalled from information signs.

Number of

Theme recalled Example statements
respondents (%) P
Nothing 4 (7.84) ‘not a lot’, ‘nothing’
Pictures 25 (49.02) “illustrations’, ‘Photos’ ‘really nice images’
! 35 to 200 birds’; 'restoration’; ‘i d
Conservation/restoration 11 (21.57) Gon'e]fr on oo to TS s TeSTOTatom  nerease
species
Habitat types 10 (19.61) ‘Forests, wetland, grassland’; ‘ecosystems’ ‘biodiversity’
I i .
1vastve spp 17 (33.33) ‘Eucalyptus is invasive’ ‘invasives’
(Eucalyptus)
Birds 26 (50.98) ‘birds’, ‘bee-eater’
Monkey 5(9.80) ‘monkeys’, ‘colobus images’
Historic information 8 (15.69) ‘General info .on ,Bmckenhurst history’, ‘founded as a
coffee plantation
Map 16 (31.37) ‘map’
elevation 3 (5.88) ‘Elevation profiles helpful’
trail 6 (11.76) ‘Three trails’
Species Sign (Muhuti
pecies Sign (Muhuti 11 (21.57) Muhuti tree’
Tree)
medicinal use 6 (11.76) "Muhuti tree, helps blood pressure, used as medicine’

extinction risk 3 (5.88) ‘Least concern’, ‘extinction grading’
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4. Discussion

This study is one of only a few eye-tracking studies to be conducted on visitors” sign reading
behaviours onsite within cultural venues. As such our findings contribute to the understanding of
sign use and we hope will aid in future sign design.

The finding that visitors tend to read signs from left to right, top to bottom (regardless of cultural
venue, age, gender, education level or frequency of cultural venue visits) suggests that sign reading
may follow cultural reading patterns. The study was conducted in the UK where left-right, top-
bottom reading is standard reading behaviour. This has important implications as, if we design
signage based on western reading patterns, it may not be read in the same way by cultures where
text flows right to left. When translating signs for different audiences, the tendency is to translate the
text only. Our finding suggests that when translating for different audiences the whole layout of the
sign may need to be reordered to ensure that the sign is read in the way it is intended.

Our study found text tends to be observed before pictures, regardless of layout. Eye-tracking
studies from advertising campaigns in China found similar results with respondents viewing text
before an image no matter the position or orientation [33]. Given that China has a different cultural
reading pattern to the UK, this finding is interesting as it suggests the text-first observation may be
culturally universal.

This pattern of reading behaviour, focusing first on the top left and reading downwards, with
the least likely viewed area being the bottom right, is significant when deciding how to display key
information or images to visitors. This is independent of whether text or images are being presented.
Key information should be situated towards the top left of the sign. However, for best recall, core
information should be presented at around word 50 — 70 within the text. Our findings support other
studies which suggest that signs should be short (around 30-100 words)[13-16,19] and confirms
suggestions that individuals often do not read to the end of texts [18].

We also found that respondents looked first at signs when positioned directly left and right of
the main footpath before looking at those positioned to the sides. This supports the concept of the
General Value Principle [17,19] that individuals will prioritise acquiring information from the easiest
to access sources. This also supports findings that visitors most frequently read information in the
line of sight [14]. We support suggestions [5,17,19] that signs should be positioned directly along a
path in an easy position of viewing.

OR codes may be useful for providing extra information to visitors without overcrowding a sign
with information. However, a third of visitors did not look at the QR code. This may be influenced
by factors such as culture or nationality, however, this wasnot tested. If QR codes are to be used, the
best position for them is in the prime position of top-left when presenting to a left-right reading
audience. Similarly, Titles, if used, are best at the top of the page.

Sign preferences were for designs with minimal text in one block and with large images. Font
preferences were for simple, clear fonts and high contrast text. These preferences mirror
recommendations for presenting signs to those with visual impairments [34,35] and dyslexia (author
comms). This suggests that creating inclusive signage is likely to benefit all visitors.

The need for high contrast was also noted in map designs with preference given to different
coloured routes rather than those defined by different patterns only. Respondents selected walking
routes by focusing on the map itself and not by reading textual information regarding routes and
gradient profiles. Whilst providing this additional information may be helpful, it appears that a clear
map visual is critical and was the prime focus for respondents.

One of the key aspects tested was how to best present species threat-status information. As more
species are becoming vulnerable to extinction, presenting this information clearly to the public is
critical. We found that green-red thermometer style presentations were the best way to present
extinction threat, generating the longest dwell time, highest number of views and greatest correct
recall. Thermometer style presentations were also viewed as one of the easiest to interpret (even when
the red-green colouration was reversed), second only to when a threat status was written in word
form. In contrast the IUCN threat status diagram performed the worst in terms of recall, had the
fewest viewers and had the slowest time of first fixation. This suggests that it may not be the best
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way to present a species threat as many visitors may miss this information if only glancing at a sign.
If sites wish to use (or are required to use) the IUCN red status it may be preferable to apply a traffic
light approach (green being Least Concern and red Critically Endangered) to convey the concept to
their visitors.

Delayed recall of information was good with most respondents able to recall some information.
The quality of information recalled was limited and restricted to single statements such as
remembering there were pictures of animals. This is similar to findings from other studies [36].
Despite this, some specific facts were recalled including information about conservation efforts and
species threat status. This confirms that signs can effectively convey information to visitors and
supports findings from other studies [4,11,12,37].

We acknowledge that this study has limitations. Asking a visitor to view a sign, directly in front
of them, for 30 seconds is not the normal way of viewing interpretation boards. We acknowledge that
visitors are more likely to view signs for a much shorter time [6,27]. Additionally, due to covid
restrictions we needed to present signs on a digital screen using Remote Eye tracking (RED) and
presented information about a different cultural venue to the one the respondents were visiting. This
may have resulted in a different interaction than would have occurred with an in-context information
board. We therefore propose that future eye-tracking research should examine sign use in context,
preferably with eye-tracking glasses to allow the respondent to freely engage with an exhibit and its
interpretation. This would additionally allow the impact of the exhibit to be tested and whether
seeing the exhibit draws attention away from (or potentially towards [29]) the sign information.
Getting eye-track glasses users to comment retrospectively on why they gazed at a particular sign at
a given point would also improve understanding of sign usage. This would establish whether
interpretive signs meet their goal of helping to interpret an exhibit [2].

The other key aspect for future research is to test sign reading in different parts of the world and
with different reading patterns to test if cultural reading patterns do indeed impact the order and
position of sign reading as our study appears to suggest. There may be other aspects of sign design,
such as colour preferences, which are also impacted by culture, especially as we already know that
colour can be perceived differently by different people (such as with colour-blindness) and in
different contexts (for example when viewed in a sunny environment versus indoors or on a digital
screen). In addition, understanding how signs age and weather in different environments is
important. These are all areas still to be investigated.

Eye-tracking has great potential for helping us to understand sign use and interaction with
exhibits in cultural venues. As this technology becomes more accessible it is hoped that more sites
will engage with similar studies and strengthen the available guidance for interpretation sign design.
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Appendix A
Table A1. Question Sets presented to each respondent and the time each sign/question was presented
for in milliseconds. Sign text (1: history, 2: invasive species, 3: restoration ecology, 4: habitats), design
style (DO: Control, D1: large picture large block text, D2: central image with chunked text, D3: small
chunks of text with accompanying images).
Scree Content Test Set Test Set Test Set Test Set Time
n A B C D presente
din ms
1 Sign 1: DO control - D1 large D2 central D3 small 30000
History plaintextno  picturelarge  image with chunks of
pictures block text chunked text  text with
accompanyin
g images
2 Question1 Recall Top Recall Top Recall Top Recall Top 10000
line line line line
3 Question2  Likert Likert Likert Likert 10000
questions questions questions questions
relating to relating to relating to relating to
sign sign sign sign
readability readability readability readability
and ease of and ease of and ease of and ease of
understandin understandin understandin understandin
8 8 8 8
4 Sign 2: D1 large D2 central D3 small DO control - 30000
Invasive picture large  image with chunks of plain text no
Species block text chunked text  text with pictures
accompanyin
g images
5 Question3 Recall mid- Recall mid- Recall mid- Recall mid- 10000
line (approx.  line (approx. line (approx. line (approx.
word 70) word 70) word 70) word 70)
6 Sign 3: D2 central D3 small DO control - D1 large 30000
Restoratio  image with chunks of plain textno  picture large
n Ecology  chunked text text with pictures block text
accompanyin
g images
7 Question4 Recall end Recall end Recall end Recall end 10000
line line line line
8 Sign 4: D3 small DO control - D1 large D2 central 30000
Habitats chunks of plain textno  picture large = image with
text with pictures block text chunked text
accompanyin
g images
9 Question5 Recall mid- Recall mid- Recall mid- Recall mid- 10000
line (approx.  line (approx. line (approx. line (approx.
word 50) word 50) word 50) word 50)
10 Sign 5: Threat Status: Threat Status ~ Threat Status ~ Threat Status 30000
Species Speedometer Thermometer IUCN word: ‘Least
Informatio Concern’

n
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11 Question 6

12 Question 7

13 Sign 6:
Map

14 Question 8

15 Question 9

16 Photo of 4
signs in
location

17 Question
10

18 Font card

19 Question
11

20 Colour test
card

21 Question
12

22 Question
13

23 Question
14

Recall species
threat status

Recall species
threat status

Recall species
threat status

do0i:10.20944/preprints202406.0842.v1

Recall species
threat status

Likert Likert Likert Likert
questions questions questions questions
relating to relating to relating to relating to
sign sign sign sign
readability readability readability readability
and ease of and ease of and ease of and ease of
understandin understandin understandin understandin
g g g g
MO: Black M1 = colour M2 = colour M3 = colour
and white map with map with map with
with dotted coloured same- different
routes solid lines coloured coloured
dotted lines dotted and
solid lines
Recall the Recall the Recall the Recall the
easiest route  easiest route  easiest route  easiest route
Why did you Why did you Why did you Why did you
select this select this select this select this
route? route? route? route?
Order: DO Order: D1 Order: D2 Order: D3
control, D1 large central chunked
large picture/text, image, D3 image/text,
picture/text, D2 central chunked DO control,
D2 central image, D3 image/text, D1 large
image, D3 chunked D1 large picture/text,
chunked image/text, picture/text, D2 central
image/text DO control DO control image
Which of the4 ~ Which of the4 ~ Which of the4 ~ Which of the 4
sign layouts do  sign layouts do  sign layouts do  sign layouts do
you prefer? you prefer? you prefer? you prefer?
Font test card Font test card Font test card Font test card
Which font do Which font do ~ Which font do ~ Which font do
you prefer? you prefer? you prefer? you prefer?
Colour test Colour test Colour test Colour test
card card card card
Which colour ~ Which colour ~ Which colour ~ Which colour

scheme do you
prefer?

scheme do you
prefer?

scheme do you
prefer?

scheme do you
prefer?

What, if any, What, if any, What, if any, What, if any,
information information information information
can you recall  can you recall ~ can you recall  can you recall
from any of the  from any of the ~ from any of the  from any of the
signs that you  signs that you  signs that you  signs that you
have seen? have seen? have seen? have seen?
Any other Any other Any other Any other
comments? comments? comments? comments?

10000

30000

10000

10000

5000

10000

5000

10000

5000

10000

10000

10000

16

10000

A2: Font test card
Arial

Brackenhurst forest is a 30-year

restoration project. To date, 25-
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hectares of forest have been actively
restored with over 650 species of
indigenous trees and shrubs. Black
and white colobus monkey and Sykes
monkey are now found onsite along
with many other native animal species.

Comic Sans Brackenhurst forest is a 30-year
restoration project. To date, 25-
hectares of forest have been
actively restored with over 650
species of indigenous trees and
shrubs. Black and white colobus
monkey and Sykes monkey are now
found onsite along with many other
native animal species.

Century Gothic Brackenhurst forest is a 30-year
restoration project. To date, 25-
hectares of forest have been
actively restored with over 650
species of indigenous trees and
shrubs. Black and white colobus
monkey and Sykes monkey are now
found onsite along with many other
native animal species.

Helmet Brackenhurst forest is a 30-year
restoration project. To date, 25-hectares
of forest have been actively restored with
over 650 species of indigenous trees and
shrubs. Black and white colobus monkey
and Sykes monkey are now found onsite
along with many other native animal
species.

Helvetica Brackenhurst forest is a 30-year
restoration project. To date, 25-hectares
of forest have been actively restored
with over 650 species of indigenous
trees and shrubs. Black and white
colobus monkey and Sykes monkey are
now found onsite along with many
other native animal species.

AMATLC BRACKENHURST FOREST 15 A 30-YEAR
RESTORATION PROJECT. T0 DATE, 25-
HECTARES OF FOREST HAVE BEEN ACTIVELY
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RESTORED WITH OVER 650 SPECTES OF
INDIGENOUS TREES AND SHRUBS. BLACK AND
WHITE COLOBUS MONKEY AND SYKES
MONKEY ARE NOW FOUND ONSITE ALONG
WITH MANY OTHER NATIVE ANIMAL SPECIES.

ABC
abc

A3: Colour contrast test card

ABC ABC
abc abc

ABC
abc

ABC
abc

'ABC 'ABC ABC
.abc abc . abc
Appendix B

Table B1. respondent demographics.

Variable Description Number of
respondents
(as %)
Age Respondents age bracket 18-25 8 (15.7)
26-33 10 (19.6)
34-41 9(17.6)
42-49 8 (15.7)
50-57 3(5.9)
58-65 6 (11.8)
66 or above 7 (13.7)
Gender Respondents gender Male 23 (45.1)
Female 28 (54.9)
Prefer to use own -
term
Prefer not to say
Education Respondent’s  highest level of N qualifications 2(3.9)

level education
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GCSE/ O-level or 8 (15.7)

equivalent

A-level or equivalent 8 (15.7)

BA/ bachelor’s 17 (33.3)

degree or equivalent

Master’s degree or 10 (19.6)

equivalent

Doctorate degree 6 (11.8)

No. of cultural ‘In a normal (non-Covid-19) year, how Thisis my first visit -

visits per year  often do you visit a museum, gallery,
botanical garden, historic property, or
z00?’

to such a venue

Once per year 2(3.9)

2 -5 times per year 27 (52.9)

6 — 9 times per year 7(13.7)

10 or more times per 15 (29.4)

year
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