2106.00764v2 [cs.HC] 3 Jun 2021

arXiv

HisVA: A Visual Analytics System
for Studying History

Dongyun Han'!, Gorakh Parsad, Hwiyeon Kim, Jaekyom Shim, Oh-Sang Kwon, Kyung A Son,
Jooyoung Lee, Isaac Cho, and Sungahn Ko?

Abstract—Studying history involves many difficult tasks. Examples include searching for proper data in a large event space,
understanding stories of historical events by time and space, and finding relationships among events that may not be apparent.
Instructors who extensively use well-organized and well-argued materials (e.g., textbooks and online resources) can lead students to a
narrow perspective in understanding history and prevent spontaneous investigation of historical events, with the students asking their
own questions. In this work, we proposed HisVA, a visual analytics system that allows the efficient exploration of historical events from
Wikipedia using three views: event, map, and resource. HisVA provides an effective event exploration space, where users can
investigate relationships among historical events by reviewing and linking them in terms of space and time. To evaluate our system, we
present two usage scenarios, a user study with a qualitative analysis of user exploration strategies, and in-class deployment results.

Index Terms—YVisualization for Education, Event Visualization, Studying History, Wikipedia

1 INTRODUCTION

N a conventional history class, instructors deliver lectures

based on textbooks, which contain well-organized mainstream
arguments in the academic field of history. Such lecture-oriented
history classes are still preferred, due to their advantages in con-
veying historical knowledge to students [1]]; however, the strength
of the conventional class implies that students acquire knowledge
passively from textbooks and instructors, and seldom investigate
and analyze historical events and contexts by themselves [2]]. As
a result, students in conventional classes are less likely to study
how to construct knowledge on their own and to develop their own
perspectives on historical events [3].

A growing number of history instructors have begun to em-
phasize the importance of developing students’ critical thinking
ability and their own historical perspectives during the historical
knowledge acquisition process [4]], [S)]. This trend is in line with
constructivism education theories [6]], [7], [8]], which emphasize
that students should be given opportunities to “construct” their
own meaning of knowledge according to their interests and expe-
riences. However, it is challenging to encourage students to partic-
ipate voluntarily in active studying processes for constructing their
own meaning of knowledge for two reasons [9]. First, as students
have little knowledge of history and are not familiar with historical
events, they often fail to find appropriate learning materials by
themselves. Second, the sheer amount of information on history
available for studying implies both metacognitive and analytical
overloads during explorations of historical events. Without proper
guidance, it is hard for students to perform the tasks required
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for active history studying based on constructivism theories. For
example, studying history involves several tasks of searching for
facts and finding relationships among the figures and countries in
the events. Students are also required to investigate changes in
regions according to time and to elucidate the possible causes of
such changes. If the events are intertwined with each other across
locations, or if they do not seem related to each other, students can
easily become discouraged from completing the activities without
effective assistance and guidance [[10]. As such, there is a need to
help students who want to study history actively in classes.

In this work, we introduce HisVA, a visual analytics system
to augment pedagogical practices in flipped history classrooms
by enabling students to explore historical events in a more
self-directed way. To design HisVA, we have collaborated with
three domain experts in history and education and extracted
system requirements. HisVA employs coordinated multiple views
(CMVs) [11] to provide an effective event exploration space,
where users can explore desired events from a collection of
relevant Wikipedia articles extracted for the purpose of the ex-
ploration. The system also recommends highly related incidents
from selected events to allow users to generate a narrative from a
series of historical events. For evaluation, we provide two usage
scenarios and conduct a user study and qualitative analysis of how
HisVA is used. We also supply observations and the advantages of
HisVA from the in-class deployment of HisVA for an assignment.
The results indicate that HisVA is an effective visual tool providing
enough temporal and spatial contexts for historical events and
allowing users to efficiently find and understand historical events
with users’ own questions produced using HisVA. The users most
prefer the map view for their exploration. The instructors who
reviewed the in-class assignment report that HisVA helps the class
students to submit high-quality assignment results with diverse
findings and questions not covered during lectures.

The main contributions of this work are as follows:

1) Task analysis and derived system requirements for history
education,



2) Design of HisVA to provide an effective spatio-temporal
exploration space, and

3) Evaluation with two usage scenarios, a formal user study,
qualitative analysis on exploration strategies, and in-class
deployment.

2 RELATED WORK

We introduce previous work in the perspectives of education
methodology, tools, resources, and event visualization.

2.1 Learner-centered History Education

There are various types of instructional methods in traditional
education (e.g., lectures, demonstrations, discussions, projects,
experiments), and we group the methods into two categories based
on the role of the class activities—instructor-and learner-centered
education. The instructor-centered education method focuses on
an instructor’s opinion and is based on a strict use of curriculum
and textbooks. This approach asks students to respond with the
“black and white” answers [3]]. In contrast, the learner-centered
education method [6] assumes that knowledge is not discovered,
but rather constructed. Thus, it emphasizes that creating a learning
environment [7]], [8]] in which students can construct their own
knowledge is important, because it is difficult for students to build
their knowledge on their own, due to a lack of domain knowledge
and cognitive overload [9]. An increasing number of classes in the
field of history education have begun to emphasize students’ active
participation [2], [4]], [12]]. In these classes, students not only study
major historical narratives, which are constructed by historians,
but also work on their own to explore historical events and find
their meanings. However, there is an obstacle in this approach, in
that there is too much information for non-history major students,
who have less domain knowledge, to organize properly. Thus,
it becomes more important to offer students a systematic guide
and relevant material that make it possible for them to study by
themselves [10]].

2.2 Tools for History Education

A variety of tools support studying history. One common feature
of the existing tools is that they focus on providing students with
historical contents [|13]]. Another kind of tool aims to support stu-
dents in their efforts to study history more actively [[14]]. Although
these tools are intended to encourage learners’ active learning,
oftentimes learners are not systematically and effectively guided to
investigate history. There are also visualization systems designed
to assist users in studying history (e.g., [15], [16]). VAiRoma [|16]
is the most recently developed visual tool with this purpose in
mind. It provides geographical, trend, and topical information by
using CMVs [[11]] of maps, charts, and topic views, aiming to help
users study effectively about Roman history. We note that Firat
and Laramee provide an excellent survey on visualization systems
for various education areas (e.g., engineering, medicine) [[17].
Compared to the existing work, HisVA provides ample guidance
for students’ spatiotemporal event exploration with its map and
event views, along with topics computed from the Wikipedia cor-
pus. In addition, HisVA suggests important events by computing
document similarities and page-rank, to help users narrow down
their navigation efforts effectively.

2.3 Wikipedia and History Articles

Wikipedia is a free online encyclopedia that anyone can read and
edit. Thanks to this openness, the size of Wikipedia quickly grows,
which attracts researchers in various domains. But the openness
also brings issues on accuracy, validity, and adequate coverage
of Wikipedia’s data. To investigate these issues, much research
has been conducted comparing Wikipedia to other resources
(e.g., encyclopedias) which are written by authoritative experts in
multiple domains, including history [18]], [19], [20]]. Rector [18]
compares Wikipedia articles on history against Britannica, the
Dictionary of American History, National Biography Online, and
report that Wikipedia’s accuracy rate is 80%, while other resources
generally reflect a 95% accuracy. Samoilenko et al. [19], [20]
compare Wikipedia to Encyclopedia Britannica, in terms of topic
scopes and coverages. Their results indicate that historical articles
in Wikipedia cover more recent events (especially from the 19"
century). Additionally, they concluded that Wikipedia is more
readable than Britannica.

Clickstream data for Wikipedia is a network that records how
users navigate Wikipedia. The clickstream data consists of origin
and destination pairs with numbers that represent how many times
users use each pair during navigation. A great deal of research
has been conducted with the clickstream data for social science
research. Dimitrov et al. [21] show that readers can navigate
the Wikipedia articles to investigate articles that are semantically
linked. Schwarzer et al. [22] compare the effectiveness of citation-
based and similarity-based recommendation approaches for users’
navigation. Their results indicate that similarity-based recommen-
dations help users identify articles that are semantically linked,
while those based on citations can better assist users in finding
subject-related information. Inspired by this result, we employ
recommendation approaches in this work to better support users’
navigation of historical articles.

2.4 Event Visualization

There is a large body of event visualization techniques or systems,
as events can be defined, interpreted, or focused differently.
Conventionally, the goal of research on events is to explore the
frequency, causality, or combinations of the sequences produced
by events. In this case, simple visual representations (e.g., rectan-
gles [23]]) are utilized that are arranged to allow an overview or
side-by-side comparisons. When the sequences are complicated,
the size of each visual representation becomes smaller and similar
to pixel visualizations [24]]. Examples include the visualizations
of user interaction sequences collected from web logs (e.g., [25])
and electronic health records (e.g., [20]).

As event data become more diverse, new event analysis tasks
emerge that require more than pattern-matching techniques based
on frequency and combinations of events. Events may occur with
multiple attributes, any of which may be crucial for analyzing
them. For example, Crouser et al. present a visual interface for
analyzing search events extracted from news data. Dou et al. [27]
develop LeadLine, which automatically detects events from news
and social media posts and allows users to investigate them.
Compared to LeadLine, HisVA has a strength in supporting users
to follow the chronological flow of events and make assumptions
regarding the cause and effect of these events, whereas LeadLine
allows users to analyze events from the “4Ws” perspective (who,
what, when, and where). The two tools’ visualization design con-
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Fig. 1: Data pre-processing pipeline: A) Collecting 3,019 historical events based on seed articles (e.g., “World War I”’), B) Extracting
date and location information from the collected events, C) Computing for reducing the exploration space (e.g., topic modeling).

siderations are also different, which leads to different outcomes,
such as the topic- and importance-based event view in HisVA.

In the education and learning analytics domain, event visual-
izations have been utilized to visualize a series of user interactions
to explore student behavior and learning patterns. For example,
Shi et al. [28] design VisMOOC to help instructors and edu-
cational analysts understand students’ online learning behaviors,
presenting sequences of interactions with videos, such as play and
pause. Chen et al. [29]] introduce ViSeq that helps users identify
different learner groups based on learning behaviors. Our tool is
different from these previous work in the education and learning
analytics domain in that we aim at directly helping students in their
studying, whereas the previous work focused on log analysis.

3 TASK ANALYSIS

To design a visualization tool for studying history, we, as a team of
multidisciplinary researchers composed of experts and instructors
in computer science, history, cognitive science, and education,
have met bi-weekly over 24 months to discuss history courses’
goals and procedures, and to uncover the difficulties that students
face in history courses. Three of us have been developing and
teaching history courses at UNIST for the past five years. Among
us, two hold doctoral degrees, in history (E1) and education (E2),
and one has a master’s degree in history. Next, we describe how
the history courses at UNIST have been operated.

At first, the history courses have been run based on the flipped
learning model [30]], [31]], which emphasizes active student partic-
ipation in learning activities. Using the flipped learning model
encourages students to form their own historical perspectives
voluntarily, beyond simple knowledge acquisition from textbooks.
In the flipped learning model, students are required to play an
active and self-regulated role, while an instructor acts as facilitator
rather than knowledge deliverer. As such, the interaction between
an instructor and students, as well as among students, is strongly
emphasized [30], [32].

The history course based on flipped learning at UNIST has
five main cycles, each lasting two weeks with four classes. For
example, the course, “History of Modern World,” in the 2019 fall
semester consisted of five cycles with five topics—“Imperialism
and Colonialism,” “World War I and Postwar Changes,” “Interwar
Era and World War II,” “the Cold War,” and “the Global Cold
War.” For each cycle, an instructor provides assignments and
guidance to students to help them better understand each topic.

Before the first class in each cycle, the instructor provides
information on the topic, asks students to read a textbook chapter
related to the topic, and prepares an in-class discussion and quiz.
In the first class of each cycle, the instructor gives a lecture,
providing an overall picture of the topic. In the next class, a group

activity is performed in which group members are asked to carry
out a task with materials on the given topic. In the third class,
the instructor gives an extended lecture, introducing controversial
points on the topic. In the last class, students share their thoughts
on the topic in groups, and each group leader summarizes their
thoughts and reports the results. The instructor moderates group
discussions in each class, providing guidance and feedback on the
activities. When each cycle is over, students are required to write
an individual essay about what they have studied on the topic.

During our discussions, E1, E2 and E3 expressed that flipped
learning is effective, but there are challenges for teaching history
effectively. First, there is much content that students in the course
need to review (i.e., large exploration space). Examples include
not only the textbooks but also online materials that are returned
by keyword searches. Thus, every semester, many students ask
how to efficiently study history, and a few will fail in the end, as
they are often lost during lectures and cannot efficiently review the
many events in diverse regions and time ranges. These phenomena
are common in education; they’re called disorientation [33], [34],
according to E2.

Second, there is an imbalance in studying history with existing
courses and materials. Many universities offer a course called
“Western civilization,” but rarely do universities offer courses
in which students can study the history of other than Western
regions and form a global, balanced perspective on history. The
existing materials (e.g., textbooks) tend to place more importance
on Western European history, although other regions also have
crucial events in their history. For example, China, Indonesia,
Iran, Ethiopia, Angola, Cuba, and Nicaragua played important
roles in the Cold War [35], but the events related to the United
States and the Soviet Union are those mainly highlighted in
lectures. The materials are already selected, compiled, structured,
and edited by historians, so relying on them could lead students
to accept others’ interpretations and fixed narratives regarding
history without criticism. This may constrain students’ creativity
and prevent the creation of critical questions on global history.

Third, helping students form their own balanced perspective
is one of the courses’ goals. We believe that such a perspective
can be instilled by the practice of seeking links between events
that are seemingly unrelated. With this in mind, an instructor
gives assignments in which students can discover new facts and
relationships among other events and countries from a global
perspective. But in running history courses over the semesters,
they have found that such methods based on the assignments are
not as effective as they expected, because most students submit
similar interpretations on a given topic by reading similar articles
returned in online searches. Conversely, when the materials from
online searches are sparse or not detailed, the quality of the
assignment results are often poor. Even when sufficient materials
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Fig. 2: An overview of HisVA. Users can gain temporal, frequency, related topic, and important information of events in the event view
(A), spatial features of events in the map view (B), and auxiliary information in the resource view (C).

exist, it is still hard for some students to link events that are
seemingly disparate. Finally, E1, E2 and E3 stress that they do
not find tools that can resolve these issues.

From the discussions, we derived the following requirements
for a visualization system designed for studying history:

(R1) Presents a reduced but effective exploration space;

(R2) Supplies spatial and temporal contexts of historical events;

(R3) Assists in the acquisition of information for investigation of
historical events; and

(R4) Promotes linking diverse events and finding relationships
among them.

We initially thought that the derived requirements involving
existing spatiotemporal tasks could be supported by previous
visualization systems. Thus, we used VAiRoma for a couple
of history class assignments to identify the essential features to
fulfill the requirements. Although VAiRoma provides features that
partially support R1 and R3, we found some missing features
for other requirements, because it was developed with a different
motivation and target user in mind. For example, VAiRoma sup-
ports R4 by using CMVs, but it was difficult to find appropriate
information from the large set of articles. Therefore, we decided
to design and develop a new system to better support all of our
present requirements.

4 VISUAL ANALYTICS SYSTEM FOR HISTORY ED-
UCATION

In this section, we introduce HisVA, a visual analytics system for
visualizing and navigating historical events from text collections.
Note that any text collections could be used for HisVA; however,
in this work, we focused on Wikipedia articles for the main
topics (World War I and II, and Cold War) of our history class

to illustrate the functionality of the system. Next, we describe
our data pre-processing pipeline and then present HisVA, a visual
event exploration system for studying history, as shown in Fig. 2}

4.1 Data Pre-processing

The first step of the data preparation methodology is to select
a set of Wikipedia articles of interest to be used as a starting
point. These articles are used as seeds to find related articles from
DBpedia [37], forming semantic relationships between Wikipedia
articles. All articles that share the same subject categories as
the seed articles are then extracted from DBPedia. From these,
the ones marked as an “event” in the DBpedia ontology type
are selected for exploration in HisVA. In this study, the seed
articles used are “World War T [38]],” “World War I [39],” and
“Cold War [40]” as shown in Fig.[I] We initially collected 5,467
Wikipedia articles, of which 3,019 marked as “events” were used.

Next, we extracted date and location entities from each article
and performed pre-processing to provide users with the spatial and
temporal contexts of an event (R2). For the extraction, we used the
7-class model Stanford Named Entity Recognizer (SNER) [41]],
trained on the Message Understanding Conference (MUC) 6 and
7 training data sets. We then counted the number of dates and
locations associated with each event and set those with the most
frequently shown information as the representative temporal and
spatial information of each event. For example, “Germany” and
“March 1945 are mentioned 98 and 6 times, respectively, in the
article “World War II,” so we used them to represent the location
and date of “World War II.” We extracted geocoordinates (i.e.,
latitude and longitude) of the locations using Geopy [43]].

To provide an overview of the historical article collection (R1),
we used the topics produced by topic modeling algorithms. To
find an appropriate model, we tested topic modeling methods



with various topic counts (e.g., 10-50 topics), including LSI
(Latent Semantic Indexing) [44], HDP (Hierarchical Dirichlet
Process) [45]], LDA (Latent Dirichlet Allocation) [46], and LDA
Mallet [47]. After reviewing the modeling results, we decided
to use LDA Mallet with 20 topics, due to its highest coherence
score (0.47), which measures the similarity of the words in each
topic [48]]. We used the topic modeling algorithms implemented in
Gensim [49] and the coherence model to measure the coherence
score based on normalized point-wise mutual information (NPMI)
and the cosine similarity (called coherence Cy) [48]].

We used two methods for recommending important articles to
help users begin their explorations (R3). The first is topic contri-
bution, which is computed by a topic modeling algorithm and in-
dicates how much an article contributes to forming each topic. As
a second method, we use the articles’ centrality (i.e., page-rank) in
a network, computed from the Wikipedia clickstream. The page-
rank value of an article indicates its popularity, because page-rank
values are proportional to the article’s number of views. HisVA
provides a toggle button for the selection between contribution-
based (TOPIC_REC) and popularity-based recommendations, as
shown at the top of Fig. |2} In addition to the toggle, there is
the slider bar, which can be used to adjust threshold values. If
an article’s contribution or popularity value is greater than the
threshold value, it is recommended as an important article.

4.2 Visual Interface

HisVA consists of three main views—event, map, and resource
views—as shown in Fig. E} We use CMVs [11]] to provide
users with an interactive learning environment [17] to help them
continue acquiring knowledge by themselves in any of the views
(i.e., self-directed learning) [50]], [51]. CMVs can also facilitate
linking diverse events and finding relationships among them from
different perspectives (R4). A keyword-based article search system
can be an alternative, but such systems can be difficult for casual
users to navigate [52]]. We develop HisVA with D3.js [53]], Leaflet
[I54f], and Flask [55]] and use Leaflet’s marker cluster to aggregate
the markers on the map [56].

We first explain the filter view (Fig. 2] top) to provide a better
understanding of how to utilize the three main views. The filter
view has three toggles (default: off, gray color), a drop-down
menu, a slider bar, and a search-keyword input interface. The tog-
gle for normalization allows users to normalize the y-axes of the
line charts in the event view (Fig.[3] A and B). The toggle for com-
puting date frequency allows users to choose whether to use all the
dates associated with an event (Fig.[3]D) or only one representative
date (Fig. f] C) when computing the number of events in each
year of the event chart (Section f.2.T). We further describe the
normalization and date frequency toggles in Section 4.2.1. Users
can select the system’s recommendation option, using the toggle
to choose between a topic recommendation (“TOPIC_REC”) or
popularity recommendation (“POPULAR_REC”). To help users
understand the options, a tooltip is shown to describe the topic and
popularity recommendations whenever a user hovers the mouse
over the options.

Users can set a threshold value for article topic weights (i.e.,
how much an article contributes to extracting a topic during the
topic-modeling process) and page-rank value with the slider bar,
make notes, ([J), and search keywords. Next, we describe the
three main views for visual historical event exploration—event,
map, and resource views (Fig.[2] A, B, and C).
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Fig. 3: Each event chart presents topic, topic keywords, important
events (pink dots), and a line chart for representing the number
of events associated with the corresponding topic. A basic chart
for the topic “Italian” (middle), a normalized version (top), and a
chart which the “all dates” option applied (bottom).
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4.2.1 Event View

The event view (Fig. 2| A) presents multiple event charts and a
summary chart. We place twenty event charts that are constructed
based on computed topics (R1) and time (R2) information. The
charts are initially ordered as produced by the modeling algorithm,
but users can scroll the view, interactively adjust the chart order,
and hide and show any event chart they choose. Each chart shows
10 topic keywords, which are ordered by their contribution to each
topic (Fig. 3] middle).

Summary Chart: The summary chart (a line chart at the
bottom of the event view, Fig.[2] A2) shows the aggregated number
of the articles by time to let users see the number of events
across time and important events in specific time ranges (R1).
For example, the summary chart in Fig. 2] shows two peaks from
1910 to 1920 and from 1940 to 1945. The peaks mean that, given
the document corpus, some events in the two time ranges have the
greatest number of articles related to World War I and World War
IL. In addition, the summary chart provides two vertical gray bars
at each side which users use for filtering time ranges (R1, R2). If
the bars are at each end, the entire data set is used for computing
the number of events by time.

Event Chart: Each event chart (e.g., Fig.2J A1) has a line chart
for presenting the number of events associated with the topic, topic
number, and representative topic keyword. The x-axis is the time
that is the same as that in the summary chart, while the y-axis
presents the number of events associated with the time.

When the normalization option (Fig. [3| A) is on, the event’s
article count (i.e., y-axis) is divided by the largest document count.
We provide the normalization option as the number of articles for
each topic is not evenly distributed. Each chart is non-normalized
by default because it is hard to notice changes (e.g., peaks, dips)
when a topic has fewer events than others (e.g., different heights on
the same number of events in Fig. [3] top (normalized) and middle
charts). In the state of FREQ DATE option (Fig.[3]C), HisVA maps
an event with only one date, the most frequently appearing in the
article. For example, the event World War II is only associated
with 1945-03-01, which is the most frequent date for the World
War II document. When the ALL DATE option (Fig. [3| D) is on,
the World War II event is linked to several dates (e.g., 1935-10-03,
1941-06-22) that appear in the article.

Displaying Important Articles: The events with higher im-
portance weights (i.e., topic contribution or page-rank scores)
than the threshold value are presented as a pink dot at the top
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of the event chart (R1). When a series of adjacent dots occlude
each other, they are aggregated into a wide dot (i.e., ellipse). For
example, the third event chart in Fig. [3] shows that the topic of
the chart is “Italian,” and there are seven important events and six
wide dots which contain more than two important events. Note
that the number of articles in a year is not related to the computed
importance of events, although there is high chance that important
articles will be found around peaks (e.g., the World Wars). When
users hover the cursor on a dot, a tooltip pops up, containing the
article thumbnail associated with the dot, as shown in Fig. |§|B and
C. Users can click a thumbnail to read its Wikipedia article in the
article view (Section [f.2.3).

In designing the visual cue for important articles, we intend
that the representation should be easy to understand when used for
not only individual articles but also multiple aggregated articles.
We also consider the need for easy interaction of the represen-
tations with users. With these considerations, we review several
symbols (e.g., a dot, triangle, rectangle, line), as they are easy to
study and perceive [[57]], but find that not many symbols satisfy
our considerations. For example, we exclude triangles because
when a triangle is placed in the middle of two topic charts in
the topic view, a vertex point can be read as a direction (e.g.,
upward direction). We also rule out lines as it is not easy to hover
and click them. A square is not suitable, as it cannot be resized
uniformly, which is a weakness for aggregated articles. In the end,
we decide to use dots for individual important articles and ellipses
for aggregated articles. A rectangle and bordered rectangle can be
used for the same purpose; however, it is possible that the start and
end points of two adjacent and closely-placed rectangles might not
be easily distinguished [58]. To resolve this issue, Lee et al. [59]
suggest to slightly bend each end side of a rectangle. We suppose
that ellipses would have the same effect as bent rectangles.

4.2.2 Map View

The map view (Fig.[d) displays locations associated with historical
events. The basic unit to represent events is a cluster marker with a
total event number in the region. Users can change the zoom level
of the current map extension by using the magnification icons
(Fig.H ), the mouse wheel, or by clicking any of the clusters.
When the map is zoomed out, adjacent clusters are aggregated into
a bigger one, and when it is zoomed in, cluster markers split into
multiple markers, which are relocated based on their own regions

o (B Pacific War 1942-03-01
" Topic: 18
The Pacific War, sometimes called the Asia—Pacific War, was the theater of World War Il that
“=  was fought in the Pacific and Asia. It was geographically the largest theater of the war,
2 including the vast Pacific Ocean theater, the South West Pacific theater, the South-East
Asian theater, the Second Sino-Japanese War, and the Soviet—Japanese War.

Note:

The Serbian Nationalism became prevailed in Serbia, a series of wars
occurred. After Serbian won the wars, the Serbian nationalism became
more aggressive and eventually a Serbian nationalist assassinated the
Franz Ferdinand, who was a main roadblock in integrating the southern
Slavic region of Austria-Hungary into Yugoslavia, a country of Serbians.

word: Nationalism,
ssination, Foolish thing,
ause World War

ite: Balkan Wars Note:

1.The series of the events from the Balkan league to the two wars have a
cause-result relationship.

2.The events can be one critical incident before world war I.

3.the territorial greed of Serbia and Bulgaria is the first foolish thing.

word: Series of Balkan Wars,
Greedy, Foolish thing, Cause
World War

Fig. 5: Users can search events with keywords (top) and make
notes to record their thoughts during exploration (bottom).

of events. When the zoom level reaches its maximum, each marker
is surrounded by circles, each of which is mapped to an event. If
the mapped event is clicked, it is searched and highlighted in the
list view (Fig. 2] C) for reading. When the cursor hovers over a
circle, a tooltip pops up on the circle showing the title and date of
the associated event.

Users can investigate regions of interest in three ways. First,
they can draw a box to specify a region of interest on the map
(Fig.[d] A3) after clicking Fig. [ A1. When this interaction occurs,
the events in the box are shown in the list view for reading. Users
can remove a box by clicking (Fig.[d] A2). Second, users can also
directly click the countries one by one (e.g., China and Japan in
Fig. @] A4). When a region or country is specified on the map,
event charts present a red rectangle to indicate the time span of
the events in the specified region (Fig.[§| B and C). Lastly, in the
map view, users can search regions by name (Fig. E| C). They can
also refresh the map (Fig. E|B) to deselect all regions.

4.2.3 Resource View

To help users efficiently investigate historical events with detailed
information (R3), HisVA provides a resource view (Fig. |Z| O)
comprising four sub-views—Ilist, result, article, and annotation
views. The list view showcases historical events, allowing users to
sequentially access a series of events, along with meta information,
such as a thumbnalil, event date, topic number associated with the
article, topic weight, and page-rank value, as shown in Fig. |Z| C.
For efficient exploration, the list view allows users to sort the
events by date, important weight, and topic (R1). Events with a
importance weight higher than the threshold value are highlighted
in gray (e.g., “Second Balkan War” in Fig. 2| C).

The result view lists articles in response to the user’s search in
the search bar (Fig. top Q). We present articles with the linear
structure for easy content navigation in studying [[60]. When users
click on an event, a new window pops up and presents the clicked
event with other events that are most relevant to the clicked event
(R4) (Fig. |Z| C). We use the similarity of articles and transition
counts as a relevance score. We compute the cosine similarity
using the doc2vec model in Genism [49]] and the transition counts
in the clickstream data to measure articles’ association [21]].
The transition counts indicate how many Wikipedia users make
a transition from one article to another article using the internal
links in Wikipedia articles. Users can choose which method to use
for the event recommendation between the cosine similarity and
transition count, toggling the option between “TOPIC_REC” and



“POPULAR_REC” in the filter view. When an article is selected
in this view, it is shown in the article view for reading. Lastly, the
note view presents a list of notes that users create in a template
for a related article title, keywords, and creation date, as shown in
Fig. [5| bottom [J . By clicking on the title, users can refer back
to the original article from the annotation.

4.2.4 Coordinated Multiple Views

To facilitate the task of linking events and finding relationships
among them (R4), HisVA utilizes CMVs [11]] with quick and easy
interactions. For example, when a time range is set in the summary
chart (Fig. 2] A2), the historical events in the user-specified time
range are presented in all map, article, and event views. When
the event’s importance or frequency weight is changed due to
user interactions with the filters (Fig. [2]top), the visualization and
articles in each view are also updated. In the same context, when
users select regions by drawing a box or clicking countries in the
map view, visualizations and articles in other views are updated
accordingly. When users select an event from a cluster marker,
the article view is auto-scrolled to present the part of the article
associated with the selected event. When users hover the mouse
over an article in the list view, the center of the map view is moved
to the location associated with the selected article and the cluster
marker associated with the selected article changes to the spiral
representation with the clicked article highlighted in red.

5 USAGE SCENARIOS

We provide below two usage scenarios that demonstrate how a
user investigates relationships among events and performs event
exploration with their own questions and motivations. We choose
these as they are typically performed for essay assignments and
in-class discussion. We assume that the students in the scenarios
learned about World War I and II from lectures.

5.1 Investigating Relationships of Historical Events

In history courses, students are often given the task of finding
relationships between events (e.g., cause and result). In this study,
we show how a student uses HisVA to perform such a task
in answering a sample question: “Bismarck famously said that
a European war would start from some foolish things in the
Balkans. What foolish things happened in the region in the decade
before World War 1?7 [61]] It is directly related to contemporary
history—one of the main topics in the history course of Fall
2019 at our university. The instructors confirmed that there are no
direct online materials that provide well-structured and organized
arguments regarding this question.

John, in a history course, is given an assignment to find the
“foolish things.” At first, he searches the main question’s keyword,
“foolish things, World War I”” on the internet. Reviewing the search
results, he sees that some articles mention Wikipedia article titles.
They seem to be related to the question, but none of them provides
a direct answer to the question.

Next, he starts using HisVA. As he sees the temporal context
from the description—before World War 1,” he first sets the time
range to the early 1910s, by using the vertical bars in Fig. 2] A2.
To understand historical circumstances with a spatial context, he
selects the Balkan areas on the map using the search function,
which is given from the description and finds 3 markers that
indicate 12 historical events in it (Fig. [6] A). To filter by countries,
he selects various countries on the map, finding the 12 events
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Fig. 6: User-driven (e.g., (A) region of interest box) and data-
driven (e.g., (B) recommendations, and (C) dots) exploration
methods in HisVA.

distributed in (Serbia: 4, Bulgaria: 3, Bosnia: 2, Romania:l,
Montenegro:1, Hungary:1).

Reviewing the events in the list view, he sees that the events
are mostly related to War (Topic 5), Greek (Topic 9), German
(Topic 16), and Army (Topic 19). Thus, he filters the topics in
the event view for further investigation by topic. As he adjusts
the contribution option, a wide dot in the event chart (Fig. [q]
B) for Topic 9 (keywords: Italian, Greek, (...), Serbia) captures
his attention. As he hovers on the dot, HisVA pops up a tooltip,
suggesting two articles—‘Second Balkan War” and “Battle of Cer”
with event dates of 1913 and 1914. After he turns on the page-
rank option and adjusts the threshold (0.16), an event captures
his attention in the event chart with the word “assassination,” as
shown in Fig. [6] When he goes to the list view, all the suggested
important events are shown as a result of spatiotemporal filtering.
At this point, he thinks that investigating the events may help him
answer the question.

As he focuses on the list view, he starts investigating how
the events are related to each other and to the important events
that he found in the event chart. Using the information in the
pop-up view that recommends related articles, he finds that the
articles relate mainly to three types of events in the region—1)
Balkan war (“Balkan War,” “Second Balkan War” in Fig. ), 2)
Assassination (“Assassination of Archduke Franz Ferdinand” in
Fig.[2C), and Battle of Cer. He also notes that “July Crisis” is often
recommended in the articles on Balkan Wars and Assassination,
as it describes a series of intertwined diplomatic and military
escalations, including the two wars and the assassination.

He starts reading the articles in the list view (Fig. [2] C). In
the first article—“Balkan League in 1912”—he finds that Greece,
Montenegro, Bulgaria, and Serbia were allies in a fight against the
Ottoman Empire. As the next article seems related to his task with
the “war” and “Balkan” keywords, he reads the second article—
“First Balkan War,” which broke out 14 days after the date of the
Balkan league event. The main story of the event is that the allies
fought against the Ottoman Empire and almost won. However,
a conflict arising due to territorial greed of Serbia in the first
war led them into the “Second Balkan War.” In the second war
(Fig.2|C, second row, first column), Bulgaria fought against Serbia
and its allies (Romania, Greece, Montenegro, and the Ottoman
Empire). He is interested in the Ottoman Empire’s support of
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Serbia, who defeated the Ottoman Empire in the previous war.
The results of the second war were that Serbia won, Bulgaria
blamed Serbia, and Albania became independent. Then he notes
that 1) the succession of events from the Balkan League to the
two wars has a cause-result relationship, 2) the events may be a
critical incident before World War I, and 3) the territorial greed of
Serbia and Bulgaria qualify as a foolish thing.

After reading the article on the assassination, he notes the
following (Fig. [5]bottom): Due to prevailing Serbian Nationalism,
a series of wars occurred. After Serbia won the wars, Serbian
Nationalism became more aggressive, and eventually, a Serbian
Nationalist assassinated Franz Ferdinand, who was a major road-
block to integrating the southern Slavic region of Austria-Hungary
into Yugoslavia, a country of Serbians. As the assassination is
considered a direct cause of World War I, in which most European
countries participated, he picks the assassination as the second
foolish thing for the assignment.

5.2 Visual Exploration of Historical Events

In this section, we demonstrate that HisVA is effective in helping
users explore events based on personal preference, knowledge,
and perspective. Such exploration could improve user experience
in studying and further motivate future self-directed learning [62].

A student searches for historical events during World War II
in preparation for a group discussion in a history course session.
After logging into HisVA, she briefly reviews the information in
each view in the default setting. During this review, she finds two
attractive topic charts—Chinese (Topic 11) and Japanese (Topic
18)—in the topic view, as the countries are close to where she
lives. As she decides to focus on the two countries, she filters out
others, leaving those two topics. The summary chart (Fig. 2] A2)
shows two peaks, indicating that the countries have been closely
related between 1910-1920 and 1938-1945. As she knows that
Japan engaged in World War II and colonized several countries
in Southeast Asia at that time, she becomes curious about what
events the countries were involved in together before World War II
(i.e., before the second peak). First, she notices that the event chart
for China (Topic 11) points out the important events with dots,
such as “Northern Expedition,” “Central Plains War,” and “Sino-
Tibetan War,” all of which were battles related to Japan, China, and

ﬁ{‘ Fam

8

other east Asian countries (Fig. |Z|A). To further check which events
other people were most interested in, she turns on the popularity
recommendation option and sees one more event between Japan
and China—“the Second Sino-Japanese War”(Fig. [7B).

After exploring events with HisVA, she starts reading the
articles in the list view. First, she reads “the Second Sino-Japanese
War” (Fig. mB) that describes how Japan initiated in 1937 and
continued a war to colonize China until the end of World War
II. Reading the article, she finds that Sino is China’s old name,
and then poses a question on why Japan entered World War II
during the war with China, as she recognizes with surprise that
the Sino-Japanese war continued until the end of World War II.
While exploring other articles to answer the question, she finds
the article “Pacific War” because it is suggested by HisVA in the
recommendation view, as shown in Fig. [7C.

Reading the article, she understands that the relationship
between Japan and the United States had been cordial but deteri-
orated when Japan invaded Manchuria in 1931 (“Japan’s invasion
of Manchuria”). Despite warnings from Western countries (e.g.,
the United States, the United Kingdom, France), Japan continued
its colonial expansion over the next decade, and finally, the
United States stopped Japan’s oil imports in 1941 to quell Japan’s
expansionism. At this point, Japan knew that the relationship with
the United States was severed and the lack of oil for the war
with China would end with Japan losing the war. Japan finally
decided to attack Hawaii to push the circumstance (“Japanese
Attack on Pearl Harbor”). To prepare for the group discussion,
she summarizes what she found from HisVA—how she started her
exploration, posed a question during the exploration, investigated
the relationships among the countries in the imperialism era, and
came to understand some of the causes and another story behind
World War II.

6 USER STUDY

To evaluate HisVA, we performed two user studies with two
groups to measure the usefulness and generalizability of HisVA.
First, we conducted a study with seven target users recruited from
the history course at the university, followed by another study with
16 users from diverse backgrounds.

6.1 User Study Task Design

We designed two tasks for evaluation. Task 1 asked the participants
to select three interesting events with HisVA and write down the
reasons for their selection. This type of task is assigned frequently
in the course to encourage self-directed learning [[62]] in preparing
for group discussions and activities in history courses. Task 2
required the participants to find characteristics of the events in the
1910s in Africa using HisVA. The goal of Task 1 was to find out
how HisVA supports users in exploring information and finding
interesting events, while Task 2’s was to identify how HisVA
helps users study World War I, one of the main topics of the
history course in Fall 2019 at the university (Section[3). As Task 2
involved Africa, which is less covered in internal history courses,
it also allowed us to measure the effectiveness of HisVA when less
familiar topics are given to students during the course.

6.2 Participants and Procedure

In Study 1, we recruited 7 participants by promoting our exper-
iment in the history course (“History of Contemporary World”)



of the Fall 2019 semester at our university. The participants
were our target users, as they take the history course described
in Section [3| The participants used a laptop (Intel i7, 2.9GHz,
16GB memory, Intel HD Graphics 630, 15-inch monitor) to have a
similar environment to the one in the course. They were all males
(average age: 22) studying various majors, including computer
science, life science, and management. Note that although the
participants were recruited from the course, the results of the
study did not affect participants’ grades in the course, as no
personally identifiable information was collected or sent to the
course instructors. The course instructors were not involved in
investigating participants’ data.

Upon their arrival at the experiment room, we asked them to
read and sign their consent to participate in the study. Next, we
requested that they fill out a demographic questionnaire before
beginning the training session in which they read the instructions,
watched a 4-minute demo video, and used HisVA for about 15
minutes. After the training session, we asked the participants to
perform Tasks 1 and 2 with HisVA. We recorded the participants’
activities on the screen and logged user interactions during the
studies. After Task 1, the participants were allowed to take up to a
10-minute break. After Task 1, we asked them: 1) “What function
in HisVA (e.g., topic, summary charts, dots) mainly helped you
find each event?” and 2) “What motivation did you have during
your exploration with HisVA for each event (e.g., I traveled the
country, so I wanted to know more about what happened in
the country)?” After Task 2, the participants completed a post-
experiment questionnaire to rate the usefulness of HisVA and
report their experience. The entire experiment took 100 minutes
on average, including the break. We paid approximately $17 as
compensation for their participation.

As we also wanted to find out whether HisVA 1is useful for
students who do not have a background in or knowledge of history,
we conducted Study 2. In Study 2, we recruited 16 participants (6
males, 10 females, average age: 23) via flyers at our university.
The tasks and procedures in the second study were much the same
as those in the first, but for the second study, we used a desktop
(Intel I7-6400, 3.4GHz, 16GB memory, GeForce GTX 970) with a
30-inch monitor (2560x1600) to simulate a conventional learning
environment, like in a library or at home, as requested by the
instructors. From the survey, we found that four participants had
taken the history course and none had prior experience with
visualization systems.

6.3 AQualitative Analysis of How Students Use HisVA

We report our qualitative analysis results based on interactions
logs, recorded videos, and survey answers. Two authors coded the
functions that were used for exploration and found 70 function
use cases (a participant reported 4 events, so we had a total of
70 events in the dataset). We chose to code primary functions,
as the functions used could affect user experience in narrowing
the large exploration space. We also thought that observing the
most frequently used functions can help us find which functions
are effective from the user’s perspective. The primary functions
included for coding were the map view, event view, search, rec-
ommendations, and combinations of those. The functions provided
in the event view, such as topic keywords, event charts, and pink
dots of important events, were also included individually, which
led us to have 18 function categories. In the coding, we used
keyword matching. For example, we linked “I found many events
in Europe on the map view [...]” to the map view category.
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We performed thematic coding [[63|] with user survey results
to categorize 70 user motivations, as the coding results can tell
us what triggers the use of the functions in HisVA and what
aspects can be further considered when designing visualization
systems for education. As a result of the coding, we grouped
the 70 motivations into 16 categories—using HisVA (i.e., map,
topic keyword, timeline, articles in list view), prior knowledge
from other classes, personal experience (e.g., travel, discussions
with friends), and 10 combination categories (e.g., map + prior
knowledge). Example motivations generated from using HisVA
included, “When I see two peaks in the timeline, I wondered what
events happened at that time to produce such large numbers of
articles,” “I saw the dots (i.e., important events) in a topic chart,
so I first checked the events associated with the dots.” Note that
the motivation for using HisVA can be more than one, as users
can formulate multiple questions from several functions provided
in HisVA. When the coders had a conflict, the last author involved
in the codification resolved the conflict (Cohen’s Kappa: 0.952
and 0.950 for the coded functions and motivations, respectively).
HisVA Helps Users Develop Various Exploration Strategies:
We found that 65% (45 of 70) of the events were explored using
multiple views. Twenty participants reported that they used both
the map view and event charts in the event view as their main ex-
ploration method. When using this strategy, they found regions of
interest on the map and then observed the changes in the number of
events in the clusters on the regions by adjusting time ranges in the
summary chart. The opposite strategy was also observed. In this
case, participants kept adjusting time ranges in the summary chart,
panning and zooming the map, and watching how the numbers in
the entire clusters on the map were affected. Once they found a
region of interest, they zoomed in on it for further investigation.
P18 shared her experience of how she explored events with this
strategy. As she set a time range and brushed Africa, she found
three events (“Ekumeku Movement,” “Battle of Zanzibar,” and
“Battle of Kakamas”), located in the west, east, and south of
Africa, respectively. Then she wondered why the events stretched
across Africa. After reading the articles, she understood that the
events were related to two different countries who advanced into
Africa for colonization (Great Britain into western Africa and
Germany into southern Africa). She then surmised that Africa
had become a battlefield between the imperialist countries seeking
to extract more resources from Africa, and also between the
imperialists and the African countries wanting their independence.

We found that 36% (25 of 70) of the events were explored
with only one view. The map view was the most popular, helping
participants find 16 events. The main process in using the map was
that they decided on a region and checked the events around the
region, performing zooming and panning. We attribute this popu-
larity and interaction pattern to their greater familiarity and the un-
complicated visual representations (e.g., markers) and interactions
(e.g., zooming and panning) with maps that have been adopted in
many map-based applications (e.g., Yelp and Google maps). Many
participants described in detail how and why they utilized the map
for their exploration. For example, P1 commented, “I found an
event—‘German attacks on Nauru’—when I searched for events in
the Pacific Ocean on the map. (...) I decided to read the article, as I
wondered why Germany came to the Pacific Ocean.” P2 reported a
similar experience: I saw Egypt with many events on the marker in
the map view, so I zoomed in and found many events that occurred
in Israel. (...) It was interesting to find an event on the Suez Canal
which I'd heard about but did not know the history of the Canal



during World War 1.”

The event view is also effective in supporting event exploration

and helping the participants find five events. The main strategy for
finding events with the event view was that they first chose some
event charts based on interesting topic keywords, then investigated
the important events (i.e., the pink dots) in each topic. P5 described
how she found the desired event with this strategy: “I was review-
ing the topic charts with the keyword ‘war.’ (...) I checked the dots
and found an event that captured my attention (‘The Manhattan
Project’).” P6 also reported that “I saw topic explanations and
found a war in Topic 1. (...) As the title of the event (‘Glasgow
ice cream wars’) seemed different from other events, I decided to
read the article on the event out of curiosity. As I explored Topic
17 (Battle), I saw an event whose keyword ‘claymore’ caught
my attention for reading— ‘Operation Claymore.”” The keyword
search was used for exploring four events.
HisVA Supports the Generation of Questions on History:
We found that as the participants started exploring, they quickly
generated their own questions and hypotheses using HisVA. We
saw that the participants reported producing 21 motivations using
the event view (19 by topic keywords and 2 by summary chart) and
17 motivations with the map view. The participants also reported
16 motivations from using combinations of the views (map +
list views, 9; topic keyword + list view, 4; map + event views,
3). Next, we describe how each view helped the users’ event
exploration. Next, we describe how each view helped the users’
event exploration.

The event view, which provides event charts, topics with
keywords, and a summary chart, played the most important role in
event exploration. We found several reasons for the frequent use
of the event charts. First, the main topic and topic keywords play
a role in the initial exploration. The participants looked over the
topics and hovered on some event charts, checking topic keywords
and exploring important events. In particular, when students saw
a wide dot (i.e., aggregated multiple important events), they were
immediately interested and zoomed to see how many events were
represented. For example, P5 reported that she looked over the
topics with a focus on wars and battles in the World War II time
range, then found a dot that piqued her interest (“The Manhattan
Project” in the Soviet-related topic). P18 stated that “the dots are
helpful, as I can see an overall trend of important events for the
topics by observing the dots in different time ranges.”

We noted that the map view plays a crucial role in exploring
historical events. One common exploration pattern using the map
view was that participants began their exploration by panning and
zooming the map to find places for further investigation. P13 com-
mented on the use of the map during exploration: “The map view
provided me with geographical information of locations where a
series of events occurred. This (geographical) information helped
me intuitively understand the relationships of the countries.” The
participants were often attracted by markers whose event numbers
were very large or small. As P17 expressed, “I can click and easily
investigate (with the markers) what I am interested in on the map.
(...) I saw many events in Europe, so I mainly explored that area.”
The opposite case also existed, as P4 stated: “It was a surprise to
me when I found an event in Antarctica on the map. (...) I found
it fun to study that the event (‘Project COLDFEET’) was actually
a secret operation of the CIA in Antarctica in 1962 against the
Soviet Union.”

HisVA Helps Event Exploration from Personal Experience:
Searching historical events without any context is difficult due to
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. mean
# Question score/7.0
Q1  HisVA helps me search for necessary resources 5.5

Q2  The map view is useful for the tasks 6.37

Q3 The summary chart is useful for the tasks 5.34

Q4  The topic view is useful for the tasks 45

Q5 HisVA is useful in studying history 5.5

TABLE 1: The post-questionnaire questions and scores.

the lack of prior information. We found curiosity from personal
experience can prompt sufficient cues for finding an initial event
for exploration. Once students understand the first event, they
extend their investigation coverage to the regions adjacent to
their current location on the map, rather than jumping to an
event in another time range or region. We found 20 comments
that describe various reasons generated from personal experience
for exploration with HisVA. Examples include topics discussed
with friends and places traveled. For example, P9 started her
exploration from Taiwan because she remembered a question that
she had in her travels in Taiwan. Thus, she first selected Taiwan
on the map view, read the recommended articles that explained
the relationships between Taiwan and neighboring countries (e.g.,
“Tapani incident”), and studied some contemporary history of
Taiwan. She commented on her exploration: “After traveling in
Taiwan twice, I have wondered why people in Taiwan have a
preference for Japan, although Japan colonized Taiwan during
World War 11.” P12 explored events based on a story that her
friend told. During the study, as she remembered her target event
was related to Egypt and Israel, she extensively used the map and
list views to search the event that occurred in Egypt, which is the
“Battle of Abu Tellul.” P12 stated, “I like HisVA as I find the event
my friend told me. I actually did not have information about the
year or the name of the war, but HisVA helped me find it.”

6.4 User Score Analysis

In the post-experiment questionnaire, we asked five questions with
reasons about the user’s experience with HisVA using a 7-point
Likert scale (1, strongly negative to 7, strongly positive). Table
shows the questions and average scores. We asked Q1 to find out
if HisVA helped the users feel that they could effectively search
for learning materials (score: 5.5). Q2—-Q4 were asked to evaluate
how users evaluate each function of HisVA for the tasks (scores:
6.37, 5.34, and 4.5 respectively). Q5 was to ascertain the overall
effectiveness of HisVA (score: 5.5).

Overall, results show that HisVA provides necessary infor-
mation to these participants for exploring historical events (Q1).
Specifically, the map view most effectively supports users in
navigating through what they needed to study history (Q2). There
are two possible reasons for the high usefulness score for the
map view. Maps are a visualization system that users feel familiar
with and therefore find easy to use to access knowledge based
on locations [[64]], which led to their frequent use of the map
view. P10, who gave it 7 points, stated that “(using the map
view) I could explore any country I wanted and intuitively choose
desired events for further investigation.” Second, the map view
provides overviews on events by regions and such overviews play
an important role in guiding user exploration to gather information
for the next stages of an investigation. P23 stated, “The map view
allows me to have an overview of a series of events that occurred
in the region, and I could estimate the relationships among the



events based on the locations of the events.” P23 also gave 7
points to the map view.

The event view received 4.92 points on average (summary
chart, 5.34; topic charts, 4.5), which is higher than the neutral
score (3.5). We attribute this to the main role of the view-to
reduce the event search space (R1). The summary chart supported
users by providing the number of events by time in all the data,
which points out which period is important in history. It also
helps users efficiently narrow down the event search space with
the vertical bars for filtering items by time in all other views.
P18, who rated 7 points, stated: “I often became confused with
events that occurred at the same time but in different regions.
(...) In the event view, I could explore a series of events that
occurred in a similar period for investigation.” Note that he set
the time range at 1941-1943 during his exploration and reported
“Battle of Rzhev, Summer 1942, and “Battle of Midway,” both
of which happened in the same period but at different locations.
The topic charts helped users find the themes in the given data
and important entities (i.e., events in pink dots) that could guide
exploration with the data. “Although I do not have knowledge of
historical events, I could find events to focus on (with the dots)
and the overall trends of events by both time and topics,” as stated
by P13, who gave 7 points to the event view. We also noticed
that topic charts have a relatively lower score than the others
(4.5). From our qualitative analysis, we surmise that some topics
seemed similar to each other, so users may be confused in deciding
which topics to focus on for their exploration. As we limited the
number of topics to 20 in HisVA, some may not find what they
expected, based on their personal knowledge or experience. P1,
who gave 3 points to the event view, mentioned, “(...) It seems
some topics look similar to each other, and the number of topics
is less than I expected.” We attribute this to the algorithm that
models topics without supervision so we suspect that this issue
can be alleviated by using models that allow user interventions for
guided modeling [65]].

Finally, we found that the participants thought that HisVA is
an effective tool for studying history (QS5). Most participants men-
tioned that a strength of HisVA is the well-organized overviews
provided that allow users to engage in efficient event exploration in
both temporal and spatial contexts and an intuitive understanding
of history. As the tasks were designed by course instructors (El
and E3 in Section 3)), this result is encouraging and shows HisVA’s
great potential to assist those who need to explore historical events
in history courses.

7 IN-CLASS DEPLOYMENT

As we confirmed the potential of HisVA for training students to
create stories by inferring relationships of events, we generated,
distributed, and graded a take-home assignment in the history class
(“History of Contemporary World”). There were 25 undergraduate
students enrolled in the class; they were mainly sophomores or
juniors from diverse backgrounds (e.g., management, computer
science, mechanical engineering, mathematics, physics). The stu-
dents were assigned to one of five groups (five students/group) to
complete the assignment. When the assignment was released, the
students learned from lectures on imperialism, World War I and
11, and the Cold War.

The assignment required each group to investigate relation-
ships between the events during World Wars I and II (1910-1945)
and the Cold War (1946-1990) with HisVA. When the assignment
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was distributed, the leading author of this work gave an in-class
presentation with a (distributed) system manual and live demos
of HisVA and answered students’ questions. E3 also gave an
instruction with examples that have not been discussed in the
course (e.g., military conflicts in Africa and Southeast Asia). Note
that the assignment instruction clearly stated that how to use the
system was not part of the grading criteria, and the instructors did
not consider the system use during the grading of the assignment.
Instead, the instructors graded the submitted reports, focusing on
the quality (e.g., how they creatively constructed their narratives)
and findings acquired from their group activity. As this was a take-
home assignment for group work, the students were allowed to use
any resources. They were guided to first prepare the assignment
independently with the HisVA tool and then discuss individual
work together in the class before the final submission, as they had
done in their previous group assignments.

Next, we report the three-fold positive outcomes and observa-
tions of using HisVA for studying history: 1) high-quality results,
2) diverse findings, and 3) self-directed learning.

High quality results: The instructors reported that the
students submitted different conflicts in many countries and under-
stood the continuity of history from the U.S. and Soviet perspec-
tives. Specifically, the students reported how colonized countries
have survived and built independent nations, with many conflicts
among domestic political parties after the end of colonialism.
There were other insightful reports from students, such as how
the newly built nations participated in the war between the United
States and the Soviet Union (i.e., proxy war) due to a legacy of
imperialism and colonialism. The instructors attributed this result
to the functions of HisVA that allow both a “global bird view”
and “regionally-focused view.” For example, a group of students
remarked that they had investigated not only forests but also the
trees inside the forests with HisVA. Another group reported that
they had seen the continuity of events across various periods.

Reviewing the reports, we found that the map view played
an important role in allowing not only detailed investigations of
events by countries, but also connections between the investigation
results and lectures’ main points. For example, Groupl explored
the events by countries in Southern Asia and then classified the
events by four types of conflicts, which they studied during a
lecture (conflicts between (1) imperial powers and Southeast Asian
countries, (2) imperial powers, (3) the countries in the proxy wars,
and (4) the countries in the Civil war). The group also reported
that Thailand was never colonized in that era but indicated that
the country experienced many coups, successfully presenting its
own perspective on Thailand: “(...) Thailand was a country at the
time with an excellent ability to understand international political
situations, but could not pay attention to internal problems, which
led to coups and unstable domestic political conditions.” The
instructors stated that the result is encouraging, as it shows HisVA
can be used to help students find new facts, relate the facts, and
build their own perspectives of history.

Diverse findings: Students reported diverse events from
many countries (e.g., Indonesia, Vietnam), which had not been
discussed during lectures. They were irrelevant to the mainstream
countries but had meanings in a regional context. For example,
Group3 investigated “Thai Nguyen uprising” and “Cochinchina
uprising,” which were not mainstream events but were important
as they show South Vietnam’s history of resistance against the
imperialism of France and Japan. The instructors confirmed that
HisVA can provide students with opportunities to study history



with a balanced perspective, stating: “They (i.e., the reported
diverse events) are rarely focused in history courses, but this
(unpopularity) does not mean they are not important. (...) HisVA
provides students with a chance to study other parts of the world
that are also meaningful and connected to mainstream history.”

Self-directed learning: The instructors remarked that HisVA
helps students think and connect different events to the main
topic. We found that the discoveries and connections of events
were the result of each team’s own choice of target regions,
which was often made in the early exploration stage with multiple
candidates. When deciding on target regions, students not only
utilized knowledge acquired from lectures and personal experience
but also actively used the information presented by HisVA. For
example, Group2 chose Southeast Asia to investigate after discus-
sion because they had studied about the Vietnam War in the history
course, one of the crucial events in Southeast Asia during the Cold
War, and the region is physically close to where the students lived.
The students in this group also paid attention to the Middle East
as well, although an unfamiliar region, as HisVA showed many
events during the selected time range. Once they had initial target
continents, they commenced using the main views in HisVA for
further detailed investigation by country. This is similar to what we
observed in the user study result—P1 and P6 voluntarily explored
and interpreted the events in the regions of their choice, where
only a few events existed in the event view. According to the E2,
these results indicate self-directed learning of history [62]], [66],
where students find their own questions and answers.

To sum up, the instructors concluded that HisVA has great po-
tential and many strengths in comparing conventional approaches
in supporting self-directed learning of history and complement
existing materials that represent historians’ pre-complied perspec-
tives. One of the instructors stated: “What the students achieve is
not simple acquisition of historical facts and cannot be performed
with existing materials. (...) The students show the potential of
performing critical and creative thinking in studying history by
interactively and actively selecting, arranging, and interpreting
events. (...) This result is encouraging as I have not seen this types
of assignment reports in the past lectures without HisVA.”

8 LIMITATIONS AND DISCUSSION

In this section, we discuss limitations of the system in terms of
scalability, topics, resources, and evaluation.

Data Size and Addition: We used 3,019 Wikipedia articles
that included time and location information. Although this number
of articles included in the study might have been small, we think
that it is sufficient for studying about historical events related to
the World Wars, as shown in the usage scenarios and in-class de-
ployment. However, there could be a case wherein a larger number
of articles is needed, such as studying about ancient history. Even
with an increased data set for the case, we believe that HisVA
can effectively support users with its interactive interfaces based
on topics, computed importance, and aggregation approaches,
although a long pre-processing time should be anticipated with
increased topic counts. We think the best way to provide HisVA to
users is to employ a set of focused topics and articles associated
with course goals and topics; otherwise, students may become lost
during their exploration.

Topic Number and Transparency: Since a small fixed set of
topics may limit students’ exploration, it is possible to increase the
number of topics based on a target coverage of history. Although
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HisVA supports a large number of topics and resource articles, due
to its data-driven topic modeling approach and importance-based
visual interfaces, we should note that incorporating a large number
of topics may exacerbate the disorientation issue. Due to the black-
box nature of the topic modeling method we used [67], there could
be topics that are difficult for users to understand. To help users
better understand such vague topics, the system could allow users
to re-adjust the semantic relationships of the concepts [|65]], so that
the users can summarize the historical collection and determine
their next actions for future exploration. This approach could
also complement the recommendations, allowing user-driven event
exploration. In the future, we plan to apply the concept-based
approach [68] to allow students to build a historical concept of a
specific object, phenomenon, or theme and then use it to explore
and analyze the events. We also think that, if more users’ input
was recorded, the system could improve the recommendations
based on these inputs [69]] and then assist in the exploration
and interaction process, which would facilitate a more engaging
learning experience.

Using Other Resources To Complement Wikipedia: We
used Wikipedia as a source for studying history, due to its open-
ness and reliability, but the reliability of Wikipedia articles remains
controversial, as described in Section 2.3] As HisVA uses a data-
driven approach in building a database for users, it is possible
to add any desired resources to the system, such as textbooks
and scholarly articles that complement Wikipedia articles [18]],
[[19]], [20]. In addition, adding new articles incrementally based
on users’ requests could be considered [70|] without the fear of
overwhelming students.

Evaluation: We evaluated the usefulness of HisVA using two
evaluation approaches: a user study and in-class deployment.
Although we show that HisVA is highly effective for students to
study history, it is mainly based on qualitative analysis without
a statistical test. We plan to compare HisVA to web search
(e.g., Google search) for quantitative evaluation (e.g., throughput,
completion time, etc.) and to investigate statistical significance.

In this work, our aim is to design an effective history study-
ing system; therefore, it is beyond the scope of this work to
examine the effectiveness of the designed system compared to
traditional pedagogical methods. As performing a formal compar-
ison requires thorough investigation on many factors (e.g., lecture
type, topic types) for experiment design, we leave this as future
work. As our target users are those who want to study history,
we recruited the participants of the user study and the in-class
deployment for an assignment from a history course. Thus, we
could not completely rule out the possibility that the participants
might have been reluctant to give negative feedback on the system,
presuming adverse effects. However, considering that participants
were notified that their feedback would not affect their final grades
in any circumstances, such presumption is unlikely.

9 CONCLUSION AND FUTURE WORK

We present HisVA to help users study history, collaborating with
domain experts in history education. HisVA provides three visu-
alization views—event, map, and resource, each of which helps
users have an overview of historical events, reduce the exploration
space, and find critical events. For evaluation, we conduct user
studies, whose results indicate that HisVA effectively supports
users’ event exploration. We plan to design a visual interface for
managing and sharing annotations and employing other data (e.g.,



an encyclopedia) for the full deployment of HisVA and an in-depth
analysis of the event exploration processes (e.g., how users come
up with different conclusions for a question).
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