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Abstract

Today’s world is a world of data, and the biggest challenge is to manage and make
use of this data by structuring it in order to extract information. Therefore, in-
formation visualization, and more specifically graph visualization, is experiencing a
real boom and is the subject of more and more research.

In this thesis, we are interested in structural analysis, a technique for structural
and semantic analysis of content, and in the different supports that graph visu-
alization can provide to it, particularly from the point of view of readability and
interpretation. However, this last point is not really analyzed and is nevertheless
essential in the context of structural analysis. This is why we decided to articulate
this thesis around the following research question: ”How graphical tools such as
colors, shapes and positions of nodes or links can affect interpretation of graphs:
support structural analysis ?”

In order to answer this question, in the first part, we focused on the readability
and understanding of the graphs. We have therefore tried to gather the different
guidelines for creating a readable graph and explain their tradeoff in the context of
graph layouts.

Then, in the second part, we discussed the question of the interpretation of
graphs during a survey. We analyzed the influence of colors, shapes and positions
of graphical elements on the interpretation of a graph by readers and the way they
represent graphs.
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1 Introduction

1.1 What is the structural analysis ?

Since the end of the 1960s and the beginning of the 1970s, many sociologists have
been interested in different techniques for analyzing content representations, espe-
cially ”structural analysis”, in various fields.[14].

This can be considered as a semantic and structural content analysis. Indeed,
in addition to analyzing the organization of the content, it is also interested in the
implicit meaning given to it[14, 19].

Therefore, it has two levels of analysis. Firstly, it seeks to understand the many
relationships of opposition or association within the discourse, i.e. the structure.
Secondly, it seeks to understand the exact meaning of the author’s discourse, what
he intended to mean by his words, i.e. the meaning[14].

To achieve this, this content analysis technique is based on the postulate that the
meaning of words is defined by the relations that exist between them[14], especially
differences between words[19]. Thus, the meaning of a word is given as much by
what it designates as by what it does not designate. Indeed, a word can have two
completely different meanings depending on its opposite and therefore its context.
Structural analysis is therefore based on relations called disjunctions which link a
word to its opposite[19].
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1.2 Graph visualization

Among the different techniques that make up information visualization, graph vi-
sualization is certainly the most researched[13]. This is due to its universality, it
can be applied in many fields such as biology, chemistry, medicine, finance, software
engineering and many others[5, 13, 17, 9].

This technique is mainly used to represent structured data, i.e. when the data
to be represented contains internal relationships[17, 9, 13]. The purpose of graph
visualization is to create a graph from a set of connected data that represents the
data and their relationships in a way that facilitates understanding and perception
in order to eventually extract information[5, 17].

Figure 1: Graph visualization process[5]

The biggest concern in graph visualization is the readability of graphs, i.e. the
ability of a graph to be correctly understood, perceived by the reader[5]. Several
factors have an effect on readability, the main one being the size of the graph[17, 9].
There are criteria, called aesthetics, which help to improve the understanding of
graphs.[5, 2]

This thesis is organized as follows. In section 2, we will discuss the different
aesthetics that allow graphs to be more understandable and readable from the point
of view of nodes, edges and overall layout as well as their practical implementation
in different graph layouts. Then, section 3 will discuss the study we have carried out
to understand the influence of certain graphical tools on the interpretation that the
reader can make of a graph in order to find supports to structural analysis. Finally,
section 4 will highlight the various limitations and obstacles encountered during this
study.
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2 Understanding of graphs

2.1 Graph drawing aesthetics

2.1.1 Nodes heuristics

When drawing a graph, it is customary to start by arranging the various nodes that
will make up its structure. To carry out this step in the best possible way, there are
several heuristics.

The first heuristic proposed for the placement of nodes is an equal distribution
of vertices within the graph[17, 4]. As the name suggests, this consists of spreading
the nodes equally throughout the graph space but not necessarily spacing the nodes
by a uniform distance[4], i.e. according to Taylor and Rodgers with their homo-
geneity criterion, it must be possible to divide the graph into quadrants and each of
these quadrants must contain the same number of nodes.[18] It has a real interest in
the sense that it gives the graph a more regular appearance and a more attractive
visual.[2]

Figure 2: Taylor and Rodgers even distribution of nodes[18]

After that, there is a more semantically based node placement heuristic, the clus-
tering of similar nodes[2]. Indeed, a study by Huang, Hong and Eades found that
the reader considers that nodes close to each other belong to the same group.[10]
It can therefore be very interesting to group related nodes and separate them from
others in order to bring groups out[10].

Figure 3: Example of clustering nodes[22]

A third common aesthetics heuristic is the node spacing from edges which was
proposed both by D. Harel and R. Davidson and consists on placing vertices at a
sufficient distance from edges, i.e ”minimal distance between the node and any point
on the edge”[4, 8]. This guideline is knowing the previous theory about nodes clus-
tering. Close elements tend to be understood and interpreted by readers as similar
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elements [10] and this could result in a completely misunderstanding of the graph[2].

In the same way to ensure separation between vertices is the node orthogonality[2].
The motivation behind this heuristic is to distribute nodes and (bend points) ac-
cording to intersections of an imaginary Cartesian grid.[16, 2]

Figure 4: Node Orthogonality calculation[16]

Figure 4 gives a good example of how this aesthetic works. There are 6 nodes to
distribute on a 3x2 drawing space which means that there are 12 different places, rep-
resented by ”+” signs, because the number of intersections is given by (3+1)x(2+1)
= 12. [16]

Finally, it may seem quite obvious but non-overlapping vertices is not to be
overlooked[2]. Wetherell C. and Shannon A. emphazise two points. Firstly, the
labels of the nodes, which can be of very different sizes and should not overlap.
Secondly, care must be taken that this overlap does not occur with labels and edges
either.[21]

2.1.2 Edges heuristics

Now that the nodes are arranged on the drawing area, it is time to link them to-
gether. Once again, there are many aesthetics regarding edges, whether it is their
shape, length or position.

The first guideline to be discussed is probably the one that is most widely ac-
cepted in the graph drawing literature.[2, 8, 16, 4, 18] It is the minimization of link
crossings. Indeed, several studies agree that edge crossings have a real negative im-
pact on the understanding of a graph.[18] However, this can vary depending on the
angle of the crossing.[20]

Figure 5: Difference of crossing angles[20]
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On figure 5, we can see two different angles. The left graph tends to create more
confusion compared to the right one because angles of its crossing are far from 90
degrees which is the less confusing.[20] Indeed, an angle that is too small or too
large tends to bring the links together and make them more difficult to distinguish
[18].

Another consideration is the minimization of edge bends. Bends are also a de-
termining factor in the readability of a graph as it is not always easy to follow a
link that is not straight[18] and turns around several elements, which reduces the
understanding of the graph.[2, 18]

If it is not possible to avoid these bends, there is an aesthetic that advocates a
certain uniformity in the bend of a link. It is therefore possible to place restrictions
on the location of the bend on the edge but also on the bending of the link[2], in
order to have a better uniformity and more regular graphs[18].

After that, it is important to pay attention to the length of these links. This
plays an important role in the readability and comprehension of a graph. Firstly,
we talk about minimizing the length of edges, which means that their size should
be reduced as much as possible in order to reduce the overall space of the graph[2]
but it needs to be done carefully in order not to reduce it too much, otherwise it
would be too small and the aesthetic would have the exact opposite effect.[4]

Following on from this aesthetic, it is suggested to use another one: edge length
uniformity[2, 18]. This allows the graph to have a more regular appearance and thus
an easier visualization.[18]

Furthermore, when several edges have the same origin (start node), it is prefer-
able to maximize the minimum angle of these edges[2, 3]. In fact, this consists in
always increasing the smallest angle formed by the edges, so that they are more
distinguishable[18]. If this aesthetic is perfectly respected, all angles are equal in
the end[16].

Figure 6: Maximization of miminum angle[16]

Finally, the last edge placement heuristic is the edge orthogonality maximization.
It follows the same principle as for the nodes, i.e. the links are fixed to a fictitious
Cartesian grid[16], which has the immediate effect of improving the understanding
of the graph[15].In addition to this, it has a positive effect on two other previous
aesthetics: minimization of crossings and maximization of the smallest angle[2].
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Figure 7: Edge Orthogonality[16]

2.1.3 Layouts heuristics

In addition to the guidelines about nodes and edges, there are several aesthetics
about the general layout of the graph.

The first is a geometrical consideration, namely maximizing the symmetry of the
graph, which has the effect of considerably increasing the readability of a graph[15].
This can be done in two ways: globally or locally.

Firstly, as its name indicates, the global symmetry aesthetic consists in arrang-
ing a graph in such a way that it is possible to divide, with an axis, this graph into
two identical parts[16].

Figure 8: Global symmetry[2]

Secondly, local symmetry consists in performing an axial symmetry on a smaller
part of the graph, a sub-graph[18].

Figure 9: Local symmetry[16]
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Another important factor to consider is the area occupied by the graph for which
Taylor M. and Rodgers P.[18] have developed two heuristics. The first consideration
is to minimize the area of the graph, while avoiding reducing the readability and
comprehensibility of the graph. The second is to match the aspect ratio of the graph
to that of its support. This ratio is the result of the ratio of the width and length[18].
All of this greatly increases the ease of viewing the graph.[2]

2.2 Node-link layouts

Now that we have a good overview of the different aesthetics that make graphs more
readable, we will now see different types of node-links layouts algorithms that uses
some of these aesthetics as a general rule for drawing understandable graphs.

2.2.1 Spring force-directed layout

Spring force-directed layout algorithms are regularly used to draw node-link dia-
grams.

To understand how they work, we need to use the analogy of a mechanical
system[17]. In this system, nodes are replaced by steel rings and edges by springs.
The latter are endowed with an attractive and a repulsive force[6]. The algorithms
seek to find the arrangement of the rings that allows the energy of the system to be
reduced as much as possible[12]. When the balance state is reached, the arrange-
ment is in its final form.

These layout algorithms are very practical because it respects to aesthetics: sym-
metry and uniformity of the edges[12]. However, its big weakness is its instability,
i.e. the same algorithm can give two different results on the same input[17].

Figure 10: Left: Spring layout algorithm output graph
Left: Spring layout algorithm input graph [6]

2.2.2 Planar graph layout

Then planar graphs are probably the most common. The main consideration for this
type of layout is edge crossings[17]. Indeed, planar graph algorithms create layouts
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that have absolutely no edge crossing with a linear time complexity [11].

Figure 11: Example of a planar graph, more precisely an orthogonal drawing) [11]

2.2.3 Topological features layout

Finally, topological graph layout algorithms are less well known but are also a
method of creating node-links diagrams.

Their process is divided into four phases. The first phase consists of recur-
sively dividing an input graph into sub-graphs[1]. After this step, the finally found
sub-graph is modified according to the feature type[17]. Then several checks and
corrections are made to, firstly, eliminate crossings and, secondly, eliminate overlap-
ping nodes[1]. We can therefore notice that two aesthetics are put forward in this
type of layout.

Figure 12: Topological feature-based layout algorithms process) [1]
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3 New tools to support structural analysis

3.1 Context

As we saw through the exploration of the existing literature of graph visualization,
there is a lack of studies about different ways to represent information towards in-
terpretation, perception and thus understanding of the message behind the graph
which is a central concern when it comes to structural analysis.

Indeed, the current literature about graph drawing set the focus on the best
practices, also called aesthetics in order to have a “beautiful, good” graph in an ef-
fort to optimize its readability such as a good distribution of nodes and equal length
of links but in this study, the object will be on the different graphical possibilities
such as position, shape and color of nodes and links between themselves to make
the information of the text behind the graph the most understandable. The study
question would then be “How graphical tools such as colors, shapes and positions
of nodes or links can affect interpretation of graphs to support structural analysis ?”

In order to answer this question, it will be divided into three different sub-
questions:

• How can links colors affect reader’s interpretation and understand-
ing of nodes relation in graphs?

In this part, the interpretation of colors will be studied. Indeed. Indeed,
connected nodes can be associated or dissociated according to the color of their
links. The different hypothesis tested will be further discussed and explained
in the section Questionnaire : Colors

• How can nodes positions affect readers’ interpretation and under-
standing of nodes relation in graphs?

In a second part, it would be interesting to see if the position between two
connected nodes can influence readers interpretation and thus if it can be
understood as different types of relations. The different hypothesis tested will
be further discussed and explained in the section Questionnaire : Positions

• How can links shapes affect reader’s interpretation and understand-
ing of nodes relation in graphs?

Thirdly, the different forms of links could be studied. Different shape of link
can be interpreted as different type of relationships in terms of intensity. The
different hypothesis tested will be further discussed and explained in the sec-
tion Questionnaire : Shapes
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3.2 Methodology

To answer those questions and thus have a better idea on how graphs can be inter-
preted with these graphical tools, a survey will be conducted as quantitative study.
Results can only be significant if enough respondents take part in this survey so that
it is possible to draw conclusions. Once data will be collected, it will be imported
into an R dataframe and statistically analyzed.[7]

3.2.1 Target population

Given that the goal of this analysis is to provide a reliable overview of the influence
of these tools on the interpretation and understanding of graphs, it is important to
have a very diverse population including every group or class. Indeed, the socio-
cultural characteristics of the respondents will probably have a great impact on their
ability to interpret. Another important criterion will be a good comprehension of
the French language. As the survey aims to find support for the structural analysis
of texts, it seems essential that respondents have a good comprehension of French in
order to answer honestly and consciously. Moreover, this will prevent the language
barrier and reduce the respondents’ fear of participating in the survey[7]. It may
also be useful to restrict participation to people over the age of 18 as we don’t really
want to draw conclusions for people under that age.

It is possible that in the context of this thesis, it is finally decided to focus on
the 18-24 age group in order to avoid any representativeness bias for the other age
groups. Indeed, the survey method will be more likely to reach respondents in this
age group.

3.2.2 Survey method

In order to conduct this study, it was decided that the survey will be done thanks
to electronic survey on Internet method[7], namely using Google Forms. For this
study to be meaningful and credible, it is essential to have a large enough number
of respondents to be able to infer on the complete population. Thus, this method
is without doubt one of the best method as it allows to collect a decent number of
answers in a relatively small time-range as it will be spread on social networks for
free[7].

Although this method may lead to not very serious responses, it almost com-
pletely prevents interviewer bias by guaranteeing anonymity to the respondent and
more freedom in their answers. [7]
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3.2.3 Sampling method

With regard to the sampling method, given the survey method chosen, the con-
venience method seems the most suitable because it is free and simple. It is a
non-probabilistic technique, which means that not everyone has the same probabil-
ity of being chosen for the sample[7]. Indeed, as the survey is distributed on social
networks, the respondents will be the people who are connected at that moment.
There is therefore a risk of self-selection bias[7].

Moreover, as it is common in social network surveys, it was decided to use the
snowball method as well. This method consists in the fact that respondents are
given the opportunity to share the survey[7]. As a result, this survey will reach the
contacts of the first respondents, then the contacts of the contacts, etc. Hence the
snowball method. This technique is also free and very simple allowing to always
reach more and more people.

Finally, in order to draw conclusions, it is necessary to have a sufficiently rep-
resentative sample of the population. However, given the survey method chosen, it
is reasonably likely that older age groups are under-represented, so the conclusions
will not focus on these age groups. A lower limit on the number of respondents is
set at 100 to avoid this problem as much as possible.

14



3.3 Questionnaire

3.3.1 Respondents characteristics and technical questions

In the first part, respondents will be asked to answer questions mainly about their
characteristics(See Appendix A). This step is essential because it will allow the
responses to be analyzed from different angles and will make it possible to draw
conclusions according to the different types of respondents. In addition, it will en-
sure that the respondents correspond well to the target population, as they will be
asked if they have a sufficient knowledge of the French language at the beginning of
the questionnaire, for the reasons explained in the previous subsections. Responses
that do not meet this condition will not be analyzed and removed before analysis.
Several personal characteristics will therefore be requested, such as age, sex, level
of education and type of profession. This information will, of course, be kept and
declared confidential to not repel respondents.

Then the specific questions at the heart of this survey will be asked. In order
to find out more about the different possible interpretations of the selected graphic
tools, respondents will be asked several types of questions. The first type is to see
how the respondents graphically represent a text composed of several relations of
opposition, similarity, etc. To do this, series of response graphs have been created
beforehand, some highlighting certain assumptions, others none . Secondly, the re-
spondents will be asked to perform the opposite operation, i.e. they will have to
choose a text which, according to them, best corresponds to the graph from a list
also established beforehand.These two questions will allow for an honest and ”naive”
opinion. Finally, respondents will be asked to choose the type of relationship repre-
sented by a graphical relation without any context.

These will be divided into three parts according to the theme of the questions
(Animals, People or Smartphones). The only purpose of this separation is to confuse
the respondents and thus limit as much as possible the feeling of desired answers.

3.3.2 Tool 1 : Colors

In this part of the questionnaire, we get to the heart of the matter. It will allow us
to answer or not the question ”How can links colors affect reader’s interpretation
and understanding of nodes relation in graphs? To do this, several assumptions will
be investigated:

• H1 : The green color reflects a membership/similarity relationship between
two concepts.

• H2 : The color red reflects an opposition/difference relationship between two
concepts.
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3.3.3 Tool 2 : Positions

The second set of questions will focus on ”How can nodes positions affect readers’
interpretation and understanding of nodes relation in graphs?”. It aims to under-
stand if any difference of nodes position can be interpreted in different ways such as
these hypotheses.

• H3 : A difference in horizontal position reflects a equivalence/similarity be-
tween two connected nodes.

• H4 : A difference in vertical position reflects a superiority/inferiority relation-
ship between two connected nodes.

3.3.4 Tool 3 : Shapes

Finally, this part will try to help address the last sub-question ”How can links shapes
affect reader’s interpretation and understanding of nodes relation in graphs?” in
order to see if nuances in relation can be supported by different shapes of links.

• H6 : A discontinuous link reflects a low intensity relationship.

• H7 : A continuous link reflects a relationship of medium or high intensity
relationship.
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3.4 Data preparation and analysis

First, as the survey program used does not offer the functionality required to analyze
the data, the data will be exported as an excel file and imported into a program that
uses the R programming language and allows for more complex analyzes (R Studio).
Thanks to this, the data can be stored in a data structure, called dataframe, and
analyzed with the different packages offered by R such as ggplot, dplyr, etc.

Then, each question will be analyzed individually in relation to the different
characteristics of the respondents and their frequency of appearance in the sample
to investigate the differences in perception and interpretation according to these
parameters.

After that, it will be interesting to analyze the possible presence of dependencies
between the characteristics and response variables. To do this, several bivariate
analysis will be performed, such as Chi-squared and Fisher.

Finally, all those analyses will allow to verify or refute, as best as possible,
different assumptions made earlier. It will probably be necessary to nuance the
answers according to the type of questions asked. Indeed, it is possible that text-
graph and graph-text questions will provide completely different results. It might
also be interesting to nuance these with the questions specific to the hypotheses
themselves.
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3.5 Results analysis

3.5.1 Sample description

Over a period of thirteen days, from 27 July to 9 August, we collected responses and
opinions from French-speaking people about the different possible interpretations of
graphs with various graphical variants. The number of respondents to this survey
was 156, including two who were removed because they did not meet the characteris-
tics of the target population (good French language knowledge). To obtain a varied
sample in terms of demographics, the survey was shared on social networks so that
all groups of characteristics could be sufficiently represented, but it turned out that
not all groups were sufficiently represented and that the sample is not sufficiently
representative to perform analysis on all age groups in the population, as announced
in the definition of the target population.

Indeed, when we look at the proportions of respondents by age, we can notice
that the three oldest age groups are clearly under-represented with a total of 12.8%
for those aged 35 to over 55. The largest group is therefore the 18-24 year old people
with 62.2%. This is largely due to the chosen survey method, i.e. the online survey
on social networks. As a result, there are also considerable differences in shares of
profession. More young people means more students, and by the same rationale,
fewer older people means fewer pensioners. Thus, 42.9% are students, 31.4% are
employees, 9.6% are self-employed, 8.3% are doing a liberal profession. The last
three categories account for 7.6%.

However, to avoid representativeness bias as much as possible, the following
analysis will only be carried out on the 18-24 age group, which we will refer to as
respondents or 18-24 years olds from now on.

So within this sub-sample, there is a surprisingly even gender distribution, with
52.6% men and 47.4% women. This is fairly representative of the population.

Then, the sub-sample consists of 65.3% students, 22.1% employees, 6.3% self-
employed, 3.1% liberal profession practitioners, 1.1% unemployed, 2.1% laborer’s
which is more representative of the population of this age group.

Finally, the distribution of education level offers a great disparity as there are
simply no respondents whose maximum level of education is primary education,
12.8% secondary education and 87.2% higher education. This can be explained by
the fact that the survey was widely shared via a Facebook group of students from
the Namur.
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3.5.2 Research sub-question answers

Question 1 : How can links colors affect reader’s interpretation and un-
derstanding of nodes relation in graphs?

In this subsection, we will analyze the results of the survey, focusing on those
related to the influence of colors on the interpretation of 18-24 year olds. Once this
is done, we will try to draw conclusions from the different results and statistically
analyze them in order to answer the first research sub-question.

Before starting these analyses, let’s briefly review the different hypotheses we
wanted to test related to colors:

• H1 : The green color reflects a membership/similarity relationship between
two concepts.

• H2 : The color red reflects an opposition/difference relationship between two
concepts.

First, we will analyze the impact of colors on the representational skills of 18-24
year olds, i.e. how they graphically represent relations of association and opposi-
tion. The question 1 (See Appendix B.1) was to select a representation for a text
including previously mentioned relations. As we can see on the graph below, 48.4%
of respondents chose the response ”H” which was the graph respecting both assump-
tions H1 and H2. The response with the second highest frequency was response ”G”
(30.5%) which represented only hypothesis H2, followed by response ”D” showing
only hypothesis H1 with 11.6%.

Figure 13: Representations of association and opposition relationships

After that, potential dependencies between the respondents’ personal character-
istics and their interpretations will be investigated. To check this, two statistical
tests will be carried out, Chi-squared and Fisher (with a p-value of 0.05, thus with
a reliability level of 95%). Only the gender and profession variables will be tested,
as the education variable is not sufficiently representative.

At first sight, the dependency tests are not conclusive. Indeed, the p-values ob-
tained with these tests are lower than 0.05. Hence, it can be seen that there is no
significant dependency between the representations chosen by the respondents and
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their personal characteristics, either for gender or for profession.

Next, we will look at the respondents’ ability to interpret colors, i.e. how they
interpret colored links into text form. Question 2 (See Appendix B.2) asked re-
spondents to choose the text that best fits the graph. The results of this question
are even more obvious and equivocal, as shown in the figure below. There is an
overwhelming majority of 87.4% for answer B, which was the only answer that in-
terpreted all green links as similarities and all red links as differences.

Figure 14: Interpretations of colored links

As with the representation question, tests were carried out to learn more about
the influence of personal characteristics and differences in interpretation. The find-
ing remains the same as for the previous question, no significant dependency between
the answers given to the question and the respondent’s profession or gender can be
established.

Finally, we will analyze the results of the last question (See Appendix B.3) which
aimed to find out more about the context-free interpretation of the different links
in our hypotheses as well as to verify the results of the previous questions.

The results of this question show that, without any particular context, almost
80% of the selected panel believe that a green link corresponds to a similarity re-
lationship and just under 90% interpret a red link as the opposition of two nodes.
Moreover, these results are in line with those collected in the previous questions.

Figure 15: Representations of association and opposition relationships

Then, we will look for possible dependencies between these answers and the re-
spondents’ gender/occupation, by performing Chi-squared and Fisher tests.
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Results show that the respondent’s profession has an influence on his or her in-
terpretation of the red links. Indeed, the dependency test reveals that there is a
significant dependency (p-value test < 0.05) between the responses and the profes-
sion variable.

In summary, several conclusions can be drawn from these questions:

• People from 18 to 24 year old graphically represent associations with green
links and oppositions with red links

• People from 18 to 24 year old interpret green links as associations and red
links as oppositions

• The profession of an 18-24 year old has an impact on how he or she interprets
red links

21



Question 2 : How can nodes positions affect reader’s interpretation
and understanding of nodes relation in graphs?

In this second subsection, we will analyze the results of the survey and tackle
the influence of positions on the interpretation of 18-24 year olds. Once this is done,
we will try to draw conclusions from the different results and statistically analyze
them to answer the second research sub-question.

First of all, we are going to make a quick reminder about assumptions investi-
gated in the following part:

• H3 : A difference in horizontal position reflects a equivalence/similarity be-
tween two connected nodes.

• H4 : A difference in vertical position reflects a superiority/inferiority relation-
ship between two connected nodes.

Now, we will analyze the influence of positions on the the way of representing
superiority/inferiority and equivalence in graphs of 18-24 year olds, i.e. how they
graphically represent nodes that are superior or inferior, and equivalent to each
other. The first question (See Appendix C.1) consists of choosing a representa-
tion that best matches a text including previously mentioned relations. The results
show that two answers stand out. On the one hand, answer B with 44.2%, respects
the two hypotheses defined previously. On the other hand, answer F with 28.4%,
respects the first hypothesis but represents superiority/inferiority by a slanting link.

Figure 16: Representations of superiority/inferiority and equivalence relationships

To find out whether the choice of representations is affected by the personal
characteristics of the selected panel, we will carry out Chi-Squared and Fisher de-
pendency tests with a 95% level of reliability, as in the case of the tests on colors.

These tests show that it is not possible to establish that there is a significant
dependency between the answers given to this question and the respondents’ per-
sonal variables, i.e. gender and occupation, because the p-values resulting from the
bivariate analysis are lower than 0.05.

Next, we are interested in the interpretation of these differences in node posi-
tions within a graph. The second question (See Appendix C.2) is the reverse of
the previous one. The respondent must now match a text-interpretation to a given
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graph. Results show on the graph below that 54.7% of respondents answered A
which means that they interpreted vertical links as superiority/inferiority relation-
ships and horizontal links as equivalence relationships.

Figure 17: Interpretations of links varying in position

Finally, the last question (See Appendix C.3) will allow us to test the differences
in the context-free interpretation of the relationships defined in our hypotheses. We
can also compare the results with the previous questions to confirm our findings.

We can see that, in the 18-24 age group, below 90% of respondents believe that
a purely vertical position difference between two connected nodes represents a su-
periority/inferiority relationship, and that almost 75% of respondents believe that
a purely horizontal position difference between two connected nodes represents an
equivalency/similarity. These results are in line with our previous findings.

Figure 18: Frequencies for context-free interpretation of links varying in position

Then, we will seek for potential dependencies between these answers and the re-
spondents’ gender/profession, by testing it through Chi-squared and Fisher analysis.

The p-values obtained thanks to these tests allow us to establish that there is a
significant dependency between the occupation and the context-free interpretation
of positions. Indeed, it seems that in general students are more likely to consider
links between vertically aligned nodes as superiority/inferiority relations and links
between horizontally aligned nodes as equivalence relations.

In summary, several conclusions can be drawn from these questions:

• People from 18 to 24 year old graphically represent superiority/inferiority with
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vertically aligned connected nodes and equivalence/similitude with horizon-
tally aligned connected nodes.

• People from 18 to 24 year old interpret horizontally aligned connected nodes
as equivalence/similitude and vertically aligned connected nodes as superior-
ity/inferiority.

• The profession of an 18-24 year old has an impact on how he or she interprets
vertically and horizontally connected nodes positions .
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Question 3 : How can links shapes affect reader’s interpretation and
understanding of nodes relation in graphs?

In this last subsection, we will examine the results of the survey and approach
the influence of shapes on the interpretation of 18-24 year olds. Once this is done,
we will try to draw conclusions from the different results and statistically analyze
them to answer the second research sub-question.

Let’s start with a reminder of the assumptions that will be investigated in this
section:

• H6 : A discontinuous link reflects a low intensity relationship.

• H7 : A continuous link reflects a relationship of medium or high intensity
relationship.

We are now going to analyze the impact of different shapes on the way 18-24
year olds represent intensity, i.e. how they graphically represent different intensities
in relationships. The question 1 (See Appendix D.1) asked to select a representation
for a text including previously mentioned relations. The next figure shows that a
huge majority of 85.3% of 18-24 year olds chose graph A that represents weak rela-
tionships using discontinuous links and strong relationships using continuous links,
i.e. both assumptions. The other 14.7% seem to make no difference between weak
and medium/strong relationships.

Figure 19: Representations of weak and medium/strong relationships

As usual, we will now carry out different dependency tests (Chi-Squared and
Fisher) with a reliability threshold of 0.05 and thus a reliability level of 95%, to find
out whether gender or occupation has any influence on the way in which differences
in intensity in the links are represented.

None of the tests for any of the variables show a result below this threshold. It
can therefore not be concluded that these characteristics have an influence on the
chosen representation.

After that, we will analyze how 18-24 years olds interpret graphs containing
links of different shapes, continuous and discontinuous with question 3 (See Ap-
pendix D.2). It can be noted that proposition D, which is the one that interprets
all the links in concordance with our hypotheses, is the most selected answer with
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Figure 20: Interpretations of links shapes

47.4%, a little less than 1 in 2 people.

After performing Chi-Squared and Fisher dependency tests with personal char-
acteristics, it appears that the gender of the respondent would influence the inter-
pretation of a graph consisting of links of different intensity. In general, women are
more likely to choose the interpretation that matches discontinuous links to weak
relationships and continuous links to medium and strong relationships.

At last, we will analyze the results of the very last question (See Appendix D.3)
which aimed to find out more about the context-free interpretation of the different
shapes of links and maybe allow us to confirm previous results. Frequencies give
clear results, 3 out of 4 people consider a discontinuous link to be a low intensity
relationship between two nodes and a continuous link is considered a high intensity
relationship by 72.6% and a medium intensity relationship by 26.3% which confirms
our results and assumptions.

Figure 21: Frequencies for context-free interpretation of links shapes

We will now perform the last test of dependency between context-free inter-
pretations and personal characteristics. Results are not significantly conclusive, no
dependency can be concluded.

In summary, several conclusions can be drawn from these questions:

• People from 18 to 24 year old graphically represent weak relationships with
discontinuous links and medium/strong relationships with continuous links

• People from 18 to 24 year old interpret weak relationships as weak relationships
and continuous links as medium/strong relationships.

• The respondent’s gender has an influence on his or her interpretation of the
shapes of links in a graph.
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3.6 Research question answers

Thanks to findings extracted from analyses of the survey data and the answers to
the research sub-questions, we can try to answer the initial research question ”How
graphical tools such as colors, shapes and positions of nodes and links can affect in-
terpretation of graphs: support structural analysis ?” With this question, we wanted
to know more about the different interpretations that can be made when a link is of
a certain color or shape, etc to find out more about its applicability to a structural
analysis context. It seems that the three tools have a significant impact on people
in the 18-24 age group.

Indeed, young people are very receptive to colors. Whether in the sense of graph-
ical representation of a text or interpretation of a graph in the form of text, they
very clearly consider green links as relations of association/similarity and red links as
relations of opposition/difference. This tool is of real interest for structural analysis
because this technique bases its analysis on the differences and similarities between
words within a discourse. This would allow a quick and intuitive visualization for
disjunctions.

Then, in line with the color tool, young people naturally interpret discontinu-
ous links as being any relationship but of low intensity, while continuous links are
interpreted as relationships of medium or high intensity. Structural analysis could
benefit from this tool as it allows for the representation of a nuance in a link and
thus for an even more precise grasp of the meaning of the discourse.

As for the influence of positions, the two hypotheses defined at the beginning of
the study were also validated for 18-24 year olds. Indeed, the difference in vertical
position between two nodes is in most cases assimilated to a complementary superi-
ority/inferiority relationship. Conversely, a difference in horizontal position between
two nodes is assimilated to a relationship of equivalence or similarity. This is prob-
ably the one of the three that seems least relevant to structural analysis. Indeed,
as it stands, structural analysis is only concerned with associations and oppositions
between words but not really with the sense in which they differ (one word superior
to another)

It is obvious that these tools can be combined and thus used at the same time, a
red discontinuous link would then be interpreted as a weak opposition relationship.
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4 Limitations and discussion

4.1 Limitations of study

Through this quantitative study, we were able to learn a lot about the interpreta-
tion and perception of several graphic tools and this allowed us to draw conclusions
about the 18-24 age group. However, it is essential to recognize the various limi-
tations that affect the validity of this study from both an internal and an external
perspective.

From an external point of view, the most important limitation of this study is
undoubtedly the sampling procedure. Firstly, the chosen sampling method, i.e. the
convenience sample, is a real obstacle to external validity as it is a non-probabilistic
method. Secondly, the survey method chosen, i.e. the online survey on social net-
works, is generally very useful because it allows a decent number of respondents to
be collected in a short space of time and at zero cost, but it often induces a self-
selection bias. Indeed, this method reaches more certain age groups, mainly young
people, and strongly neglects other groups, such as the elderly, who are obviously
less present. Moreover, a survey on social networks often results in obtaining re-
spondents similar to the interviewer, i.e. people of the same age or social group.
This is known as over-representation and reduces external validity.

With regard to internal validity, although we have tried to limit this risk as
much as possible by trying not to create a questionnaire that takes too long to
answer and by guaranteeing anonymity, it is possible that with the survey method,
the respondent is not necessarily honest in his or her answers, which would make
the results erroneous. In addition to this, one should be wary of a potential halo
effect. To mitigate this as much as possible, we ’mixed’ the questions by context to
avoid leading questions and response contagion.
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4.2 Discussion and Future work

In the previous section we have analyzed the results of our survey and tried to es-
tablish various conclusions that are in the framework of a thesis quite relevant and
representative of the 18-24 year old population. The reader now has all the cards in
hand to create a graph that is understandable thanks to the aesthetics described in
section 2 and meaningful thanks to the conducted study.

First of all, with regard to the study itself, it would be very interesting to dig
deeper into the research. On the one hand, by replicating this study on a more
representative sample of the population, thus much more diversified in terms of
personal characteristics, so that all types of occupation and level of education are
sufficiently represented. Secondly, by replicating the study on a larger sample to
increase the external validity of the results. Moreover,it might also be worth investi-
gating other personal factors that might influence the perception and interpretation
of these graphical tools, such as ethnicity, religious beliefs, type of studies done, to
find out differences between individuals.

Furthermore, in the context of this thesis related to structural analysis, we have
limited ourselves to association and opposition relationships as these are the only
relationships used in the context of this content analysis technique. However, this
study could open the door to much more research into the influence of these tools
on the interpretation of graphs by testing assumptions on other types of links ap-
plicable in other contexts. For example, it could be tested if in a directed graph, a
green link is interpreted as a positive causality.
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5 Conclusion

The purpose of this thesis was to understand how several graphical tools could be
interpreted to make a graph that is both understandable and meaningful so that
it can be used to support structural analysis. First, the main themes of this work,
structural analysis and graph visualization, were briefly introduced.

Then, we focused on the understanding of graphs. We have thus addressed the
subject of aesthetics of graph drawing which are guidelines concerning the placement
of nodes, edges and the overall display of these elements together with the objective
to obtain a readable and therefore understandable graph.

Then, for the question of meaningfulness, we asked ourselves and conducted an
investigation to answer ”How graphical tools such as colors, shapes and positions of
nodes or links can affect interpretation of graphs to support structural analysis?”

It was found that the three analyzed tools do influence the graphical interpre-
tations of 18-24 year olds such that for colors, green and red links are interpreted
as associations and oppositions respectively. For positions, we can conclude that
two vertically aligned nodes vertically induce a superiority/inferiority relationship
between them, whereas two horizontally aligned nodes induce an equivalence rela-
tionship between them. Finally, for shapes, this survey showed that a discontinuous
link is interpreted as a weak relationship and a continuous link as a medium/strong
relationship.

Finally we tried to answer our research question by briefly explaining how the
analyzed tools could support the structural analysis. It emerged that the colours
and shapes as analyzed were very good tools to represent the different disjunctions
that link a word to its opposite and their relations. With regard to positions,
the different hypotheses defined do not seem sufficiently relevant in the context of
structural analysis.
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A Questionnaire - Respondents’ characteristics

B Questionnaire - Colors

Question B.1

31



Question B.2

Question B.3
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C Questionnaire - Positions

Question C.1

Question C.2
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Question C.3
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D Questionnaire - Shapes

Question D.1

Question D.2
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Question D.3
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méthode d’analyse de contenu pour les sciences humaines, bruxelles, de boeck,
173p. 1996.

[15] Helen Purchase. Which aesthetic has the greatest effect on human understand-
ing? In International Symposium on Graph Drawing, pages 248–261. Springer,
1997.

[16] Helen C Purchase. Metrics for graph drawing aesthetics. Journal of Visual
Languages & Computing, 13(5):501–516, 2002.

[17] Raga’ad M Tarawaneh, Patric Keller, and Achim Ebert. A general introduction
to graph visualization techniques. In Visualization of Large and Unstructured
Data Sets: Applications in Geospatial Planning, Modeling and Engineering-
Proceedings of IRTG 1131 Workshop 2011. Schloss Dagstuhl-Leibniz-Zentrum
fuer Informatik, 2012.

37



[18] Martyn Taylor and Peter Rodgers. Applying graphical design techniques to
graph visualisation. In Ninth International Conference on Information Visual-
isation (IV’05), pages 651–656. IEEE, 2005.

[19] Anne Wallemacq, Jean-Marie Jacques, and Vincent Bruyninckx. Dans le sillage
des mots...: EVOQ. Logiciel de cartographie cognitive. Presses universitaires de
Namur, 2004.

[20] Colin Ware, Helen Purchase, Linda Colpoys, and Matthew McGill. Cogni-
tive measurements of graph aesthetics. Information visualization, 1(2):103–110,
2002.

[21] Charles Wetherell and Alfred Shannon. Tidy drawings of trees. IEEE Trans-
actions on software Engineering, (5):514–520, 1979.

[22] Scott White and Padhraic Smyth. A spectral clustering approach to finding
communities in graphs. In Proceedings of the 2005 SIAM international confer-
ence on data mining, pages 274–285. SIAM, 2005.

38


