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Abstract. Missing data is a growing issue in data-driven studies. This study focuses on
measuring the importance of communication with missing data and the perception of missing
data with colours to find better solutions to potential problems in research with datasets with
missing data. Understanding the significance of the interaction with missingness may help us
to improve the visualisation of missing geospatial data. We have created a survey that includes
some sentences, terms, graphs, maps, and colours we can encounter in daily life. However, all
these expressions have some missingness in measuring participants' perceptions and
decision-making mechanisms. One hundred-one respondents from different demographics,
all from the UK, participated in the survey. It aims to improve the visualisation of missing
geospatial data using the results of this research for future studies. But, in this paper, we
specifically focus on the perception of representation of missingness with different colours on
maps. We observed some differences depending on the gender, age, and education categories
of the participants. In the gender-aged analysis of this study's results, a significant difference
was observed, especially in the perception of a specific colour.

Keywords. missing geospatial data, communication with missing data, visualisation of
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1. Introduction

All scientific disciplines may experience challenges with missing data (Graham, 2009).
Most surveys and a significant number of experimental data have an issue with missing data
(Scheffer, 2002). Studies in which missing data are represented by the terms negative space,
silence, dark matter, dark data, and a black hole have been examined in different disciplines
such as physics, astronomy, genetics, political science, social media, art, psychological science,
online shopping, medical science, security of living spaces ((Hand, 2020, Buetow, 2009,
Dawid et al., 2006, Huggett, 2020, Lieberman, 2016, Luo et al., 2012, NASA, 2022, Noelle-
Neumann, 1977, Smith, 2018, Wong, 2011)). Although they all describe missingness with
different terms, the effect of the missingness may cause unintended consequences for all of
them. Significant challenges can be posed by missingness in the results of the statistical
studies. The potential that the missing data in the observable dataset may significantly impact
the procedure or results of the research makes them highly crucial. Because a lack of data in
the dataset may be of importance that can affect the result of the whole study in the opposite
way, these difficulties caused by missing data may also affect the reliability of the study. A
study's statistical significance can be reduced by missing data, which can also lead to skewed
predictions and incorrect results (Kang, 2013). Even though we cannot see or record these
data, they can significantly influence our choices and actions. The consequences may be fatal
when we are unaware of the missingness (Hand, 2020). Therefore, to minimise the negative
effects of missing data and contribute to the development of new imputation methods, it may
be necessary to examine in more detail how the missing data should be represented in the best
way. However, since little research has been observed to find the best way to represent missing
geospatial data, this paper focuses specifically on the perception of colour representation of
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missing data. This indicates a need to understand the various perceptions of visualising
missing data using colours on maps. In addition to the terms representing missingness in
different fields, colours can represent missingness in some areas. The effective use of colours
to represent the data helps to show the patterns of the data and their relationship with each
other (Brewer, 1994). In cartography visualisation, colours can be defined as the most effective
graphic variable that can increase communication, transmit information, and enable seeing a
large amount of information on a single map without negatively affecting the intelligibility of
the map (Stérba and Blaha, 2015). The colours used in map visualisations represent an item
or specification on the ground, for example, where water is usually represented by blue
(Rosenberg, 2019). Although colours were generally used for decoration on maps in ancient
times and real maps were left uncoloured, today, colours are used to convey statistical
information about many data (Rother). People's perception of colours is very different from
each other and is difficult to measure (Bldha and Stérba, 2014). The perception of colours can
cause people to feel different emotions, just as red is usually a warning by representing a
danger (Chesneau et al., 2005). As a result, decision mechanisms may be affected. However,
colours may not always represent data or information, but in some cases a deficiency situation.

1.1. Research Aims & Questions

We aim to understand if there is a difference between different groups to perceive missingness
on a map. Depending on our results about perceiving missingness, we can find the best way
to visualise missing geospatial data. However, we need to understand the importance of
missing data before visualising missing geospatial data. Communication can be the best way
to analyse the significance of the missingness in geospatial data science. To understand the
importance of communication with missing data, it is necessary to choose the best way. To
observe the impact of communication with missingness and its effect on scientific studies, we
decided to observe the impact of missingness for the participants using the sentences, colours,
and terms we use in daily life before augmented and virtual visualisation methods. In
summary, our main purpose in this study will be to observe how the participants communicate
with missing data in colours. As a result, it is thought that by evaluating the significance of
communication with missing data, presenting these data to the participants using
technologies such as augmented reality and forming a basis for understanding the importance
of communication.

In addition to the data sets used in scientific studies, we may experience many missing data
in our daily lives, whether we are aware of it or not. These data can affect our decision
mechanism depending on their meaning and importance. This paper evaluated the part of
preliminary results of the continuing study to find the best way to visualise missingness in a
3D environment. Therefore, we aim to get answers to the survey question that we examine for
this paper to the following question:

e Isthere any difference between demographics based on the perception of missing data
with colour?

2. Method

In our study, we aimed to understand the significance of interacting with missingness and
visualising missing data; a survey was created that includes missing data based on different
aspects that participants would come across in everyday life. With different questions in the
survey, we aimed to measure users' perspectives and decision mechanisms for lack of data or
data uncertainty.

We specifically planned to observe if different colours of missing data on maps in different
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datasets make sense to participants for this paper. We observe how the missing data on the
map in the survey affects the perspectives on the cases and how the importance of the colour
or hatches can be perceived according to the types of missing data. Participants were expected
to evaluate these deficiencies by reflecting the missing data on the number of data given
depending on colour.

It is planned to measure whether the users perceive the colours or hatches as a deficiency and
how they evaluate them, and to observe which missing data is more important or unimportant
depending on participants' age, gender, and education level, with the results of survey
questions. Depending on the idea that visualisation can be one of the effective methods to
measure the perception towards missing data, we designed our question with the colours and
hatches we used on the map we created. We asked the participants to indicate what the colours
and hatch symbols used in different countries on the map mean to them (Figure 1). We
designed the answers, so they have two choices, whether a colour represents missing or
available data. As a result of this survey, the participants evaluated eight colours (pink, orange,
turquoise, black, green, grey, white, cloud blue/grey) and two hatches (dot and line).
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Figure 1 Survey Question — asks participants to indicate whether the colours and patterns
used for the map's visualisation represent "available data" or "no/missing data" for them.
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3. Results

This study is aimed to observe whether the missing data perception of colours on maps is
different between men and women. It was observed that 51 of the survey participants were
male, and 50 were female. The age information of the participants was expected in the form
of four different categories: "18 - 29", "30 - 44", "45 - 59", and "60+" in the question asked to
the participants. According to the initial observations from the survey data, when the
participants with different genders perceived different colours on the maps as incomplete data
based on their age groups, no significant difference was observed between the male and female
participants. As a result, gender-based participants in four different age group categories were
divided into two groups, below middle age and over (Table 1), and it was observed whether
men and women in these age groups exhibited other behaviours in perceiving the
representation of missing data with colours. Our preliminary results show a significant
difference between men and women over middle age in perceiving the "black" colour as
missing (Figure 2), even though there is no significant difference in perceiving other colours
and hatches. We are still in the initial analysis stage of our study, and as the next step, we will
observe how the participants with different demographics perceive the missing data from the
colours on the maps.

13. Black
Em Available Data
No/Missing Data
0.20
18 - 44 45+
Female 31 19 0.15 1
Male 16 35
Table 1. Number of Participants 7
0.05 A I I
0.00

Percentage of Participants

44)
44)

(Female, 18
(Female, 45+)

(Male, 18
(Male, 45+)

2. What is your
gender?,3. What is
your age?

Figure 2. Perceiving “Black” colour on the map

4. Future Works

The purpose of this study is to understand better and examine whether there is any difference
in perceiving missing data in colours on the map for different demographics such as age,
gender, and education. Findings from this study may have important implications for
developing a study to communicate and visualise missing geospatial data. We need to
understand the importance of communication with missing data and the importance of
missing data and to measure how important missing data is in decision-making. It is planned
to determine the effects of missing data based on location, time, colours, and amount
separately depending on the age, gender, and location data of the participants as a next step
with survey results. Moreover, since the presentation of many colours together on the map
designed for the survey may cause different effects on the perception of the participants and
may confuse them, it is planned to continue the study to observe the isolated representation
of each colour to measure the perception of the participants in a more understandable way
that the different colours represent the missing data, as a next step of this study. The results
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of these studies will form the basis of the next step, the visualisation of missing geospatial data
using augmented reality and virtual reality technologies. In addition, by analysing the results
of other questions in our survey, we will lay the foundation for finding the most appropriate
way to visualise missing geospatial data in a 3D environment using AR technologies.
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