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Abstract

Research Questions: Our aims are on the one hand to find differences in
users’ information behavior reading Wikipedia articles and on the other to
evaluate different methods commonly used to compare scanpaths.

Approach: We conducted eye-tracking experiments and exported scanpaths
from raw data to identify gaze patterns of different user groups, considering
the parameters pre- and post-knowledge, learning style and subject of study.
Method: We applied string distance measures and cluster analysis to investi-
gate scanpath sequences, fixation times and the distribution of the visual at-
tention.

Results: Despite encountering difficulties in comparing scanpaths, there are
indications that the users’ knowledge influences their gaze patterns.
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1 Introduction

In today’s networked society the online-encyclopedia Wikipedia is used any-
time and anywhere for private as well as professional purposes. Kim et al.
(2013) reported that undergraduate and graduate students use Wikipedia for
entertainment as well as for information seeking in academic context. The
German version contains 1,787,400 articles and 2,035,351 registered users
(Wikipedia 2014). Every day millions of users query Wikipedia with various
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information needs and intentions (Mesgari et al. 2015). The online-ency-
clopedia is a widely used subject of research especially in the areas of natural
language processing, information retrieval, ontology building and informa-
tion extraction (Medelyan et al. 2009). A review of research concerning the
content quality and the size of Wikipedia articles gives Mesgari et al. (2015).
The perception, the use and the motivation of college students was examined
by Lim (2009) in order to understand their information behavior on sites of
Wikipedia applying social cognitive theory. All students used Wikipedia, in
particular for getting background information. The users’ information needs
were satisfied, but they had a moderate perception of the information quality
(Lim 2009).

Experiments using eye-tracking technology for implicit relevance feed-
back while reading text passages were conducted by Buscher et al. (2012).
They stated that gaze-based feedback is appropriate to find out whether the
read text was relevant to an individual user during web search.

Our aim is to detect individual characteristics of users’ interaction with
the elements presented in Wikipedia articles in order to support the personal-
ization of information presentation and their reception. To observe users’
behavior while reading a Wikipedia article eye-tracking methodology was
used.

2  The role of scanpaths

The common output of eye-tracking experiments consists of fixations and
saccades. It is assumed that the location and the duration of the fixations are
related to cognitive information processing (Just & Carpenter 1980). Beside
these synchronic indicators diachronic variables like scanpaths or saliency
maps are underused (Le Meur & Baccino 2012). Eye-tracking evaluation
software allows processing the raw data by computing the fixation start and
end time and their positions or by providing graphical displays, like heat-
maps or visualized scanpaths. However those tools do not include automatic
analysis and comparison of different scanpaths. The comparison of scanpaths
is of growing interest, but there is little known about groupwise similarity
measures and classification algorithms (Grindiger et al. 2010).
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Due to our research context, we are interested in comparing the fixation
sequences of users reading Wikipedia articles. A scanpath is defined as the
order of the fixation of certain elements (for example text, image or subtitle)
in the presented stimulus and thus serves as a surrogate for the order of the
users’ interaction with the information and for the relevance of the presented
elements. Another aim is to identify patterns of recurring sequences or con-
tact points as well as transitions, for example between corresponding textual
and pictorial information.

The fixation times of the elements and the distribution of the visual atten-
tion are of further interest. The challenging task we are facing with is to de-
tect similarities, to compare them and to find groups among the data, which
will deepen our knowledge of users’ information behavior.

3 Experimental settings

This approach of reading scanpaths is related to a project highlighting the
relationship between textual and pictorial elements in Wikipedia articles. A
particular interest is in the role of images, their functions regarding attention,
comprehension, and retention as well as the spread of information within an
article, i.e. information contained in the text, images or combinations of both.
Another important research topic is the impact of different user groups on the
information behavior and the reception of the articles’ information. In this
study the parameters ‘visual’ or ‘verbal’ learning style, pre- and post-know-
ledge and subject of study were collected. Currently, we are investigating the
differences in users’ interaction with articles, e.g. fixation times on textual
and pictorial elements or sequences of several elements. The aim is to iden-
tify specific patterns and to compare and categorize them in order to get hints
for the optimal design for specific information needs and user groups.
Wikipedia serves as a test environment because of its accessibility and its
standardized format of text and images. Spoerri (2007) found out that the
major topics of interest were ‘entertainment’ and ‘politics/history’ among the
100 most visited articles. The topic ‘history’ is well structured with a huge
number of articles containing different image types like maps, portraits and
black and white photographs. For these reasons we chose six articles about
Bavarian history in the 20" century (King Ludwig IIL, Kurt Eisner, Kapp-
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Putsch, Hitlerputsch, Bavarian history and Kingdom of Bavaria) in coopera-
tion with an expert from the local chair of history. The articles were short-
ened to be comparable and all hyperlinks were removed. However, the layout
of the textual and pictorial elements remained unchanged.

To get insights into the users’ behavior an eye-tracking study with 91 par-
ticipants, students of information science and history, was conducted in the
eye-tracking laboratory at the chair of information science. The two groups
were chosen to get different levels of prior knowledge. Data analysis after the
experiment confirmed that the prior knowledge differs significantly. Students
of information science had less knowledge about the topic before the experi-
ment. The SMI 50 Hz remote eye-tracking device recorded the students’ eye-
movements — saccades and fixations — while reading an article. This method
gave us information about the fixated elements, the sequences and the fixa-
tion times. All participants were instructed to read two of the six articles
mentioned above and were given the fictitious task to prepare the topic for a
course at the university. Afterwards they were asked to answer several ques-
tions about retention and comprehension. Additionally, they had to fill in a
demographic questionnaire, a learning style test and a pre-knowledge test.

4 Methods

As we are interested in scanpaths in this context, we need to use appropriate
measures enabling us to evaluate our data statistically. Thus we tested differ-
ent methods for the analysis of scanpaths, which can be modeled as graphs or
random processes. To characterize them as graphs, variables like the se-
quences, the length of saccades or the angles of the fixations and saccades
can be used. We focus on the comparison of the raw sequences of areas of
interest (AOIs) with different metrics like the Levenshtein distance or the
Needleman-Wunsch algorithm. For the analysis of n-grams metrics like Dice,
Jaccard or the longest common subsequence were applied. Those measures
result in a matrix of dissimilarities and can be clustered hierarchically or par-
titioning in a second step to explore existing patterns of scanpaths. Besides
the sequences more abstract indicators like entropy, the distribution of the
spatial attention or the fixation times were analyzed as well.



294 Session 4: Information Behaviour and User Studies

4.1 String comparison measures

Scanpaths are coded as strings (see section 5) and thus require specific me-
thods like the Levenshtein distance or the Needleman-Wunsch algorithm.
The first one compares two strings transforming them into one another by
applying the operations substitution, insertion, and deletion (Levenshtein
1966). Each step needed for this transformation increases the count for its
Levenshtein value by 1. The higher the generated value, the more the strings
differ. An output of O represents identical scanpaths. The values computed by
the Levenshtein distance for each pairwise scanpath comparison can be trans-
formed in a distance matrix.

The second measure to compare strings is the Needleman-Wunsch algo-
rithm originally used in bioinformatics for DNA sequences (Needleman &
Wunsch 1970). This measure was implemented in the ScanMatch toolbox for
scanpath comparison (Christino et al. 2010). The alignments gap and substi-
tution were associated with certain costs during the global sequence compari-
son. Based on these costs a score between 0 and 1 is computed, normalized
by the length of the sequences. The maximum value of 1 indicates the simi-
larity of two strings. For further analysis the scores are converted into a
symmetric matrix of dissimilarities.

4.2  Clustering processes

Based on computed dissimilarity matrices, cluster analysis can be applied to
detect structures and find group similarities within the data. There are hierar-
chical and nonhierarchical cluster processes.

The hierarchical clustering method identifies and combines the two clo-
sest observations, then the second closest pair and so on. This repetitive pro-
cess clusters the observations stepwise into larger units (Hair et al. 2010).
The range spans from the lowest level of one observation per cluster to the
highest level containing all observations in one cluster. This pairwise cluster-
ing of distances operates with Ward’s method calculating the sum of squares
within the clusters summed over all observations (Backhaus et al. 2011).

The graphical output is commonly displayed as a dendrogram, a treelike
graph. This visualization points out the number of clusters for each hierarchi-
cal level and may help to find the appropriate number of clusters.

Nonhierarchical clustering algorithms are partitioning processes (like
k-means or k-medoids). In contrast to hierarchical methods, the number of
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clusters has to be set in the beginning. PAM, partitioning around medoids,
also known as k-medoid distributes values of a distance matrix into a pre-
defined number of clusters (Kaufman & Rousseeuw 1990). Clustering via
grouping with medoids was proven to be a very robust method (van der Laan
2002). In contrast to k-means, which only uses with the Euclidean or Man-
hattan distance, PAM allows clustering with any distance metric.

The validity of clusters is measured by silhouette based on tightness and
separation (Rousseeuw 1987). The silhouette width indicates whether an ob-
ject is well-clustered. The average silhouette width is computed for each sin-
gle cluster and for the entire dataset. The corresponding plot graphically dis-
plays the silhouettes and their values. The appropriate number of clusters can
be selected by maximizing the average silhouette width. The values can reach
a maximum of 1 and a minimum of -1.

5 Data preparation

The first step of data analysis was the preparation of raw eye-tracking data,
fixations and saccades, in order to get scanpaths. Therefore, every article was
divided into several areas, which are specific for the structures of the articles
like the header, paragraph one, image one, subtitle one, introduction or table
of contents. Every element was defined as an AOI in the eye-tracking soft-
ware BeGaze for data analysis. This division into AOIs allows the assign-
ment of fixations and their export for every person.

As we were interested in sequences of fixated areas, repeated fixations in
one area, as they result by reading a text, were not considered. The different
AOIs were labelled with a combination of letters and numbers, e.g. Al cor-
responds to the header, B1 to the introduction, C1 to the table of contents
and so on. By this sequence we got a string for every person (e.g.
AIBIC1A1DI1B1). We then analyzed and compared the different scanpaths
of each article using the measures explained above, the Levenshtein distance
and the Needleman-Wunsch algorithm.

Figure 1 shows the first part of the assigned AOIs of the article ‘King
Ludwig II.” and an idealized section of a scanpath. This fictitious person
starts reading the introduction, switches between the table of contents and the
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introduction, reads paragraph one, takes a look at the first image and then
reads paragraph two.
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Figure 1. Idealized scanpath (article ‘King Ludwig II1.")
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Figure 2. A user’s recorded scanpath over a scheme of the article ‘King Ludwig III.’
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The collected data reveal that the users’ gazes jump back and forth be-
tween the presented elements while reading a Wikipedia article. Figure 2
shows the first 20 contact points of a test person scanning the article ‘King
Ludwig II1.’

In these sequences only the fixated area but not the fixation times on the
corresponding AOIs were considered in the first approach. In a further step
the fixation times were computed and normalized for every AOI.

6 Data analysis

6.1 Sequences

Scanpaths were compared to each other resulting in dissimilarity matrices
both for the Levenshtein distance and the Needleman-Wunsch algorithm for
each article. The matrices were clustered hierarchically as well as with parti-
tioning methods. Figure 3 shows a dendrogram of the hierarchical clustering
using the Levenshtein distance of the article ‘King Ludwig III.” with 28
scanpaths. To ascertain the optimal number of clusters silhouette was ap-
plied. The validation of the cluster performs best with the division into two
clusters. Nine scanpaths were assigned to cluster one and nineteen scanpaths
in cluster two. The average silhouette width for the entire data set is 0.34.
Cluster 1 has an average silhouette width of 0.05, cluster 2 of 0.47.
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Figure 3. Dendrogram of the hierarchical clustering with the
Levensthein distance of 28 scanpaths
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The cluster procedure PAM was applied to the same data set of dissimi-
larities with two clusters. Cluster one contains 21 (silhouette width 0.43),
cluster two contains seven scanpaths (silhouette width 0.09). The average
silhouette width is 0.34.

The hierarchical cluster analysis of the scanpaths applying the Needle-
man-Wunsch algorithm showed the average silhouette width of 0.15 (cluster
size 8 and 20). The average silhouette of PAM was 0.16 (cluster size 9 and
19). All six articles were analyzed that way.

The application of the Levenshtein metric and the Needleman-Wunsch
showed no significant results. The average silhouette widths for cluster
evaluation indicate only weak relations. Despite that fact, we have to keep in
mind that the scanpaths are heterogeneous and vary strongly, concerning
length and sequences. Two scanpaths that match perfectly do not exist. The
analyzed scanpaths contain a lot of noise in the form of repetitive sequences.

The hierarchical clustering proved a two-cluster solution. For the follow-
ing steps we used k-medoids with two predefined clusters.

6.2  Visual attention

In a next step more abstract variables were analyzed, like the fixation times
and the distribution of the visual attention.

The spatial distribution of the users’ gazes was investigated in order to
identify AOIs, for example the beginning, the center or the end of an article.
The average distribution of the AOIs was computed by the mean and clus-
tered exemplarily for the article ‘King Ludwig IIL.’. The analysis of the mean
distribution shows two clusters with the average silhouette of 0.66 (cluster
one: 14 values, silhouette width 0.63 — cluster two: 14 values, silhouette
width 0.68). The silhouette coefficient indicates a reasonable structure among
the clusters. To evaluate the group assignment extern differences in the col-
lected parameters were tested. The clusters differ significantly according to
the t-test for the parameter post-knowledge (t(26) =2.32; p = 0.028). There
were no significant differences between subject of study, learning style and
pre-knowledge. This could be an indication that difference in knowledge af-
ter reading an article is caused by the different strategies people use to deal
with the presented information.
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6.3 Fixation times

Furthermore the normalized fixation times over all AOIs (i.e. fixation time
on images, subtitles, introduction, table of content, header and text) and arti-
cles were clustered by k-medoid. Two clusters of 30 and 134 values, respec-
tively, were identified. Their average silhouette is 0.90, the silhouette width
for cluster one is 0.86, for cluster two it is 0.91. The silhouette coefficient
indicates a strong structure among the clusters, but all scanpaths of the article
‘Kapp-Putsch’ were assigned to one cluster. The differences between the two
clusters were analyzed by the nonparametric Wilcoxon rank sum test with the
variables mentioned above. They differ significantly by the parameter pre-
knowledge (W = 147; p = 0.0019). The article ‘Kapp-Putsch’ differs from the
other articles concerning the fixation times. This analysis shows that the
users’ pre-knowledge influences his behavior.

7 Conclusion

In this article we illustrated our initial investigation of differences in users’
information behavior reading Wikipedia articles. Additionally, we evaluated
methods frequently used to compare scanpaths and further variables.

We applied different low-cost techniques for comparison and clustering of
strings. The comparison measures, the Levenshtein distance and the Needle-
man-Wunsch algorithm, showed no significant dissimilarities among the
scanpaths and the silhouette coefficient evaluating the clusters showed only
weak structures. However, the analysis of the fixation times and visual atten-
tion revealed first indications that the pre- and post-knowledge influences the
users’ gaze patterns.

The articles and the probands were very homogeneous. The scanpaths
contained a lot of repetitive transitions, making them difficult to compare.
The analysis of more abstract variables, the fixation time and the spatial dis-
tribution of the visual attention delivered better results and need to be fol-
lowed up. Despite those difficulties, there are hints that the pre-knowledge
influences the fixation times on the elements of an article and that the spatial
distribution of visual attention correlates with the knowledge after reading.
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The performance of preliminary evaluations of n-grams metrics was weak
and received no further attention. However, the initial analysis of the entropy
of scanpaths was promising and should be pursued.

Future work will also be the analysis of smaller substrings of the scan-
paths and combining the sequences with the fixation times. Furthermore, we
will conduct experiments in different settings and with different stimuli to
ascertain our findings concerning users’ scanpaths. Moreover, there might
well be parameters influencing gaze behavior which have not been consi-
dered here yet.

Our findings provide information on the processes of perceiving a
Wikipedia article. We can use to these insights for further research concern-
ing individual characteristics of users’ interaction with textual and pictorial
elements in order to support the personalization of information presentation.
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