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Abstract—Elaborating research documents is carried out by 

repeatedly creating and editing documents while simultaneously 

performing tasks such as surveys, presentation of results, and 

discussion of research directions. Although indispensable for 

advancing research, such work is often challenging because it 

requires handling diverse documents. Effective execution 

therefore demands an accurate understanding of the elaboration 

contexts of research documents, including related artifacts, 

referenced documents, and the circumstances and history of past 

tasks, so that these can be applied in subsequent work. However, 

these contexts grow increasingly large and complex as research 

progresses, making them difficult to grasp and reducing task 

efficiency. This paper describes a method for generating an 

elaboration context graph by organizing documents involved in 

the elaboration process using work history data recorded on a 

PC. The graph visually represents the documents, screenshots 

capturing work scenes, and the relationships among them, 

thereby supporting the understanding of elaboration contexts. 

We further describe a system developed on the basis of this 

method. Finally, we report an experiment conducted with the 

prototype and discuss the system’s effectiveness. 
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I. INTRODUCTION 

Research activities generally involve various document 
creation and editing tasks, such as drafting and revising 
research plans, taking notes on ideas, creating presentation 
materials, and writing papers. These tasks are accomplished by 
creating and editing the documents while simultaneously 
accumulating various other tasks in parallel such as searching 
the Web, engaging in discussions with others, reviewing 
existing documents. To proceed successfully with these tasks, 
it is important to accurately organize and understand the 
elaboration contexts (i.e., the documents and artifacts used in 
the elaboration work of research documents along with the 
work circumstances and histories) and leverage them for 
subsequent work. However, since such research activities often 
extend over long periods, the involved documents become 
numerous and their elaboration contexts grow increasingly 
complicated. 

To address these issues, there have been methods for 
document management [1–11] and support methods for 
recalling tasks on PCs [12–21]. However, these existing 

methods are limited in their scope of support and are 
insufficient for assisting with the understanding of the 
complicated elaboration contexts.  On the other hand, there 
have been methods to support accumulation, understanding, 
and reuse of the artifacts and histories of intellectual work 
[22–28]. However, most of these methods require workers to 
register information into the system themselves, which imposes 
a significant burden during complicated document elaboration 
work. 

In this research, we aim to develop a system that is 
responsible for collecting the history data of researchers' 
document elaboration work on their PCs, analyzing the 
accumulated history data, and generating and presenting the 
elaboration context graphs. This system enables to support the 
understanding of the elaboration contexts of research 
documents more proactively than conventional methods. 

The rest of this paper is organized as follows. Section II 
clarifies direction of this research while reviewing the related 
work. Section III details the elaboration context graph and its 
generation algorithm. Section IV describes the design of a 
support system for understanding elaboration contexts and 
implementation of its prototype. Section V describes an 
experiment using the prototype. Section VI concludes this 
paper. 

II. ISSUES AND DIRECTION 

A. Understanding the Contexts in Elaboration Processes of 

Research Documents 

When creating and editing documents such as research 
papers and presentation slides, a researcher often engages in 
various tasks in parallel, including reviewing existing 
documents and searching the Web. Moreover, documents 
created by a researcher him/herself, as well as those discovered 
and viewed in the past, often serve as important reference 
materials for subsequent work. In this research, we refer to the 
process of creating and editing research documents, which is 
performed through the long-term accumulation of such 
multiple tasks, as the “elaboration process of research 
documents.” 

In such elaboration work, the number of documents 
involved in the process—such as artifacts and reference 
materials—gradually becomes enormous as the project extends 
over a long period. To utilize these documents for future work, 
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it is essential to properly manage when and in which work they 
were used, as well as their current location. When managing 
these documents manually, it is common practice to assign 
each document an appropriate filename on the basis of its 
content, document type, and other relevant factors. Then, the 
documents are organized into folders in accordance with target 
work and project timelines. However, when attempting to 
utilize previously used documents, it is difficult to recall the 
target documents by their previous usage contexts, as well as 
locating the desired ones among the large number of 
documents, based solely on file and folder names. 
Additionally, valuable documents that a researcher has 
forgotten or are unaware of may become buried. 

Furthermore, to effectively utilize past documents, it is 
crucial to accurately understand the work circumstances and 
histories surrounding the work at the time—such as what other 
documents were used alongside them, what references were 
consulted, and what was considered. However, understanding 
such elaboration contexts solely by folder management is quite 
difficult. 

Additionally, these problems become even more serious 
when someone other than the original author attempts to 
understand the elaboration contexts and to make use of the 
involved documents. Finding documents useful for the latest 
work among those created and organized by others is even 
more difficult than finding documents one has created on one’s 
own. Furthermore, it is nearly impossible to ascertain the 
context in which the document was edited or reviewed by 
others. 

Therefore, there is strong need for an effective method to 
support utilizing previously used research documents while 
understanding their elaboration contexts. 

B. Related Work 

There have been many reports on methods for document 
management [1–11]. Hermosa et al. pointed out that traditional 
document management processes involve multiple platforms, 
making it difficult to track documents when they are shared. 
They developed a document management system (DMS-TM 
[1]) to centrally manage documents originating from multiple 
departments within the university. This system generates a 
tracking code when a document is sent, and once the 
processing cycle is complete, stores it in the database using the 
tracking code for future use. Each department can utilize web-
based document sharing functionality while continuing to use 
their existing environment. Although this system is expected to 
facilitate reuse of documents by preventing the loss, it only 
targets completed documents and does not provide support for 
accumulating and understanding the work histories. 

In addition, Nishi et al. developed a method to support 
users in re-accessing documents used in their past work on a 
PC [2]. This method focuses on the folders used for past work 
rather than individual documents and groups these folders on 
the basis of specific perspectives. By presenting users with 
these folder groups as a list, this method supports the reuse of 
past documents. Although this method is expected to promote 
the utilization of existing documents, it does not take into 
account the relationship between documents and past work 

scenes that cannot be fully expressed by folders. Therefore, it is 
not sufficient as support for understanding the work histories 
and circumstances. 

Moreover, there have been support methods for recalling 
past work on a PC [12–21]. Hu et al. analyzed the effects of 
viewing time-lapse videos on the self-reflection of knowledge 
workers such as engineers, programmers, editors, and 
researchers, with the aim of improving their productivity [12]. 
Although the focus on time-lapse video as a means to recall 
past work is interesting, only a specific period of work can be 
observed because it is centered on video viewing, and it does 
not account for discovering used documents. Therefore, it is 
currently difficult to utilize this method to support 
understanding of contexts in the elaboration process of 
research documents. 

Additionally, Meyer et al. developed a task management 
tool (called AIRbar [13]) aimed at encouraging knowledge 
workers, who handle numerous tasks daily, to reflect on their 
work and improve their awareness of the achievement status of 
priority tasks as well as influencing factors. This tool provides 
prompts that encourage users to specify priority tasks while 
self-confirming, and helps them reflect on their own work on a 
PC by visualizing the progress and the time spent on respective 
tasks. Although a practical effect of helping users understand 
their own work status can be expected, it targets daily work 
reviews and does not consider understanding the histories of 
long-term work. 

These methods focused on supporting specific parts of the 
work processes. On the other hand, there have been methods to 
support accumulation, understanding, and reuse of the artifacts 
and histories of intellectual work [22–28]. 

Zloch et al. [22] presented a framework of the research 
knowledge graph (RKG) that expresses research artifacts such 
as datasets, publications, and methods, along with their 
relationships. They examined methods to promote the 
organization and reuse of research artifacts using RKG and 
discussed its possible applications. The results suggested the 
potential effectiveness of RKG in enabling researchers 
themselves to manage and reuse knowledge resources in their 
research work. However, regarding the registration of elements 
for building RKG, it was limited to discussing the advantages 
and challenges of manual input, semi-automation, and full 
automation. Therefore, methods for addressing the long-term 
elaboration work of research documents have not been 
established yet. Moreover, they dealt with only the research 
artifacts, and understanding the elaboration contexts has not 
been sufficiently considered. 

Furthermore, Devezas et al. [23] proposed a wiki-based 
environment for researchers to manage key elements of their 
research, such as literature, datasets, experimental methods, 
and their results. This environment is promising as a method 
for documenting detailed circumstances and histories 
surrounding the work. It can facilitate researchers' reflection on 
their own activities and promote information sharing among 
research project members. However, researchers themselves 
must describe the overview and histories of the work, which 
imposes a significant burden on them and makes it difficult to 
apply the environment to long-term research projects. 



(IJACSA) International Journal of Advanced Computer Science and Applications,  
Vol. 16, No. 12, 2025 

590 | P a g e  
www.ijacsa.thesai.org 

Thus, most existing information systems rely on workers 
themselves to register information, placing a heavy burden on 
them and raising concerns about the potential loss of important 
work histories due to omissions of registration. Consequently, 
there is a strong need for an effective method to accumulate 
documents and contexts involved in complex elaboration work 
with minimal burden and to support understanding of them. 

C. Issues in Elaborating Research Documents 

On the basis of the above background, this research focuses 
on the following three issues to be overcome in understanding 
the contexts during the elaboration work of research 
documents. 

(Issue 1) It is difficult to manage and understand the tasks 
and documents involved in the elaboration work of research 
documents due to their diversity. 

(Issue 2) Understanding research documents used in the 
past and their relationships by associating them with the work 
scenes is important, but difficult. 

(Issue 3) Observing and understanding the elaboration 
contexts of research documents becomes increasingly time-
consuming since the contexts grows more complex as the work 
extends over a longer period. 

D. Approach 

To resolve these issues, this research first constructs a 
system framework to monitor the elaboration work of research 
documents on a PC by a researcher and automatically acquire 
the work history data (Solution to problem 1). Next, we 
develop a method to generate a “elaboration context graph” 
based on the analysis of the work history data. This graph 
visually represents the elements involved in the elaboration 
process—such as artifacts, documents used, and screenshots 
embodying the work scenes—and the relationships between 
them. (Solution to problem 2). Finally, based on the method, 
we develop a system to generate the elaboration context graph 
and visually present it to users so that they can intuitively 
observe the circumstances and histories in past elaboration 
work along with the artifacts and used documents (Solution to 
problem 3). 

 
Fig. 1. Overview of support for the understanding of elaboration contexts. 

This facilitates the understanding of elaboration contexts, 
which have previously been difficult, and enables their 

utilization in subsequent work. An overview of elaboration 
context understanding support is shown in Fig. 1. 

III. METHOD FOR GENERATING ELABORATION CONTEXT 

GRAPH 

A.  Elaboration Context Graph 

Most existing information systems intending to accumulate 
the artifacts and processes of intellectual work have forced 
workers themselves to register the documents used in the work 
and the relationships between them into the system. However, 
there are limits to forcing users to register information every 
time they work on complex and long-term work of research 
document elaboration. 

Therefore, this research proposes a novel method to support 
the recall and understanding of the elaboration contexts by 
having the system monitor researchers' work on their PCs and 
automatically generating an “elaboration context graph” that 
visually represents the documents involved in the work and the 
relationships between them on the basis of analyzing the 
accumulated history data. 

The elaboration context graph is an attribute graph that 
represents various documents used in the elaboration work as 
well as screenshots of the PC desktop representing work scenes 
as nodes, and the relationships between them as edges. We 
currently target the documents created during the elaboration 
process such as papers and presentation slides, the documents 
viewed in parallel such as published papers and Web pages, 
and screenshots of the PC desktop (collectively referred to as 
"research documents"). 

By using the elaboration context graph, users can easily 
grasp the process of work by tracing the related documents 
with a document of interest as starting point. Additionally, 
screenshots serve as intuitive clues for looking back the work 
scenes, enabling users to understand the work circumstances 
and the documents used at that time. 

B. Formalization of Elaboration Context Graph 

Since the elaboration context graph treats various 
documents as nodes, the relationships between them are varied 
- documents referenced in parallel, derivations or 
developments from other documents, and citations. Moreover, 
extracting these relationships requires the analysis of various 
types of history data. In contrast, most existing methods for 
automatic graph generation are limited to handling only a 
single type or a very small number of data types. Therefore, we 
develop an algorithm for generating the graph to enable the 
system implementation of the elaboration context graph. As ふ
preparation for this, we formalize the elaboration context graph 
to firmly handle to diverse documents and their relationships. 

The elaboration context graph is defined as follows: 

• [Definition 1] Elaboration context graph G is 
represented as G = (V, E). V is a finite set of graph 
nodes, and 𝑣 (∈ 𝑉)is a node in the graph that represents 
a research document. E is a finite set of undirected 
connectors, and e (∈ E) denotes a relationship defined 
between two research documents. 
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Each research document and relationship has the following 
attributes, respectively. 

• [Definition 2] The research document attributes in the 
elaboration context graph G are defined as attV =(kindV, 
nameV, lastReadDateV). These are attributes attached to 
node 𝑣 (∈ 𝑉) and their meaning are as follows: 

o kindV expresses the type of research document. 
kindV = (draft paper | presentation slides | 
referenced paper | Web page | note | screenshot). 
The type of research document 𝑣 (∈ 𝑉) is denoted 
as kindV (v). 

o nameV expresses the file name of a research 
document or the title in case of a Web page and is 
represented by any string of characters. The name 
of a research document 𝑣 (∈ 𝑉) is represented as 
nameV (v). 

o lastReadDateV expresses the last viewed date and 
time of a research document. The last viewed date 
and time of a research document 𝑣 (∈ 𝑉) is denoted 
as lastReadDateV (v). 

• [Definition 3] The undirected connector attributes of 
the elaboration context graph G are attE = (kindE). These 
are attributes attached to the undirected connector e (∈ 
E) and its meaning is as follows: 

o kindE means the kind of undirected connector. kindE 
= (Concurrent use | copy & paste | download | 
document derivation and development | work 
scene). The kind of undirected connector e (∈ E) is 
denoted as kindE (e). 

• [Definition 4] Each research document has individual 
sub-attributes by the type of document as follows: 

o attdraft paper, presentation slides, note = (fileFormat(MS-Word 
| MS-PPT | PDF | text file), filename, filePath(Local 
path on the PC)，createTime(Creation or first 

access date), lastModifiedDate, screenshots(List of 
screenshots related to the document)). 

o attreferenced paper = (fileFormat (MS-Word | PDF), 
filename, filePath (Local path on the PC), 
AcquisitionDate, screenshots(List of screenshots 
related to the document)). 

o attWeb page = (URL, pageTitle, firstTime(first access 
date)). 

o attscreenshot= (filename, filePath (Local path on the 
PC), AcquisitionDate, documents(List of documents 
shown in the screenshot)). 

Research document attributes represent metadata on the 
node, while sub-attributes represent metadata on the research 
document itself. These definitions enable to design an 
algorithm for generating the elaboration context graph that 
represents the documents involved in the work, screenshots 
embodying the work scenes, and the relationships between 
them. 

C. Algorithm for Generating Elaboration Context Graph 

Based on the above definitions, we generate an elaboration 
context graph in the following three steps (Algorithm 1). 

1) Accumulation of the work history data: While the 

worker is elaborating research documents on a PC, the system 

monitors their work and accumulates the histories of the 

operations and occurrences of events. Specifically, we target 

the operations such as switching active windows, opening and 

saving documents, keystrokes in the editing documents, 

copying and pasting, and web browsing. Such diverse history 

data is required for generating nodes and edges with the 

attributes defined in Section III (B). 

We developed a system framework to automatically 
accumulate such history data as the function of the system 
mentioned in Section Ⅳ. The framework consists of the 
resident programs and the database. The resident programs 
acquire the history data by monitoring the worker’s operations 
on a PC as well as occurrences of events. In addition, desktop 
screenshots showing the work scenes are captured at regular 
intervals. The acquired history data is successively registered 
into the database. The resident programs impose no extra 
burden on the worker since they work in the background. 

In this research, we target MS Word, MS PowerPoint, 
Adobe Acrobat Reader, and Google Chrome as applications 
that handle documents, and treats the document formats such 
as .docx, .pptx, .pdf, and web pages processed by these 
applications. 

2) Node generation: On the basis of analyzing the 

accumulated work history data, we generate nodes V which 

represent the research documents involved in the elaboration 

work. 

First, we retrieve all documents opened or viewed during 
the work period by analyzing access logs to documents and 
web page browsing history. In order to exclude documents that 
have not substantially contributed to the elaboration work, we 
calculate the total active time of each document and adopt only 
those documents exceeding a certain threshold as nodes v. 

Next, the attribute attV is assigned to each node in 
accordance with the definition of the research documents 
mentioned above. We initially assign the sub-attributes such as 
nameV and lastReadDateV on the basis of the work history data 
and the metadata of each document. 

We also extract the format of each document from the work 
history data and set the type of research document kindV for 
each node accordingly. However, since both the draft paper 
and the referenced paper share the same format (MS-Word and 
PDF), we distinguish them based on whether editing was 
performed. Specifically, in the case of a document with a 
certain number of keystrokes for editing and its copies saved 
under different names, the type of research document kindV of 
that node is set to “Draft Paper”; otherwise, kindV is set to 
“Referenced Paper”. 
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Algorithm 1: Graph Generation 

[Input] 
- DAH: Document access and save history 

- AWH: Active window switching history 
- CPH: Copy & paste history 

- WDH: Web browser's download history 
- SSH: Screenshot acquisition history 
[Output] 

- G = (V, E):  Elaboration context graph 
[Global variable] 
- Threshold_node: Threshold for document active time to adopt nodes 
- Threshold_AWC: Threshold for count of switching active window 

- Threshold_CUT: Threshold for concurrent use time 
- Threshold_SS: Threshold for the number of related documents to 

adopt screenshot nodes 

[Local variable] 

- DN: Document node set 
- SSN: Screenshot node set 
[Method] 
1 // Node generation 

2 // Generate a set of used documents 

3 UD = extraction_UsedDocuments (DAH); 
4 for( ∀d  ∈ UD) 
5  if(d.totalActiveTime >= Threshold_node) 

DN.add(d, attV (d)= getAttribute(d)); 

6 // Edge generation 
7 // Generate a set of all pairs of document nodes 

8 pairsDN=generate_ pairsDN (DN) 
9 for( ∀d1,d2 ∈ pairs_DN) 
10  //Count activation switches between two documents 

11  Count_AWC=count_ActiveChanges(d1,d2,AWH); 

12  // Calculate the concurrent use time for two documents 
13  Seconds_CUT=Calculation_ConcurrentUseTime(d1, d2); 

14  //Analyze document pair whose activation switching and 
concurrent use time exceeds a threshold 

15  If (Count_awc > Threshold_Count_AWC && 
Seconds_ CUT > Threshold_Seconds_ CUT) 
E.add((d1, d2), kindE(d1, d2)=“ConcurrentUse” ); 

16  //Copy & paste 

17  If(judge_copyandpaste_documents(d1,d2,CPH)) 
      E.add((d1, d2), kindE(d1, d2)=”Copy&Paste” ); 

18  // Document derivation and development 
19  If (confirmation_DocumentDevelopment(d1,d2, DAH)) 

   E.add((d1, d2), kindE (d1, d2)=”Derivation” ); 

20  // Downloaded document and its source page 
21  If (confirmation_DocumentDownload (d1,d2, WDH)) 

   E.add((d1, d2), kindE (d1, d2)=”Download” ); 
22 // Nodes and Edges of screenshots 
23 for( ∀𝑠𝑠 ∈  SSH){ 
24  ss_docs = extraction_ DocumentsRelatedtoScreenshots(ss); 

25  //Decide which screenshots to adopt for the node 

26  if (length(ss_docs)>= Threshold_screenshots  
and checkState_ActiveWindow(ss, AWH)) 

27   SSN.add(ss); 

28   for(∀d∈ss_docs)  
E.add((ss, d), kindE (ss, d)=“WorkScene”); 

29  // Other screenshots 

30  else  for(∀d∈ss_docs)  attV (d).screenshots.add(ss); 

31 V = DN ∪ SSN; 

32 return G = (V, E); 
 

Additionally, we extract promising screenshots from those 
captured during the work. Specifically, we select screenshots 
containing windows that have remained active for a certain 
period of time, or those captured at the moment an active 
window switched. Then, we identify the documents visible in 
each screenshot on the basis of analyzing the work history data, 
and adopt screenshots linked to multiple documents as node v. 
All other screenshots are treated as sub-attributes of the nodes 
for the relevant documents. 

3) Edge generation: We generate edges E by analyzing 

the relationships between nodes in five perspectives defined as 

the kind of edge kindE. 

First, we extract a pair of documents that are repeatedly 
activated alternately on the basis of analyzing the history of 
window activation. We then assign an edge e connecting these 
documents and set its type kindE to “Concurrent use”. 

Next, we extract the relationships where documents are 
derived or evolved from other documents (e.g., different 
versions of a document) on the basis of analyzing the history of 
document duplication and saving under different names. We 
then assign an edge e connecting such documents and set its 
type kindE to “document derivation and development”. 

Moreover, we extract a pair of documents that are in a 
citation or referenced relationship on the basis of analyzing the 
history of copying and pasting the elements such as strings 
between different documents. We then assign an edge e 
connecting these documents and set its type kindE to “copy & 
paste”. 

We also extract documents obtained from the web and the 
URLs of their source web pages on the basis of analyzing the 
download history of web browsers. We then assign edges e 
connecting them, and set their type kindE to “download”. 

Furthermore, we assign an edge e connecting the 
screenshot to the documents being used at the time it was 
captured, and set its type kindE to “work scene” using the 
results of the analysis performed when generating the nodes for 
the screenshots of the PC desktop representing the work 
scenes. 

The formalization and development of the generation 
algorithm based on it enable the automatic generation of the 
elaboration context graph that visually represents the 
documents involved in the long-term elaboration process, work 
scenes, and their relationships, which was previously 
impossible. Additionally, it provides a path for future inclusion 
of new documents as targets. 

IV. SUPPORT SYSTEM FOR UNDERSTANDING ELABORATION 

CONTEXTS OF RESEARCH DOCUMENTS 

A. System Requirements 

We develop a system to support understanding the contexts 
in elaboration processes of the research documents on the basis 
of the method for generating the elaboration context graph 
proposed in Section Ⅲ. We initially organize the system 
requirements as follows on the basis of findings gained through 
observing actual elaboration work of research documents. 
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• Req.1) The system should be able to record the work 
history data and screenshots related to the research 
document elaboration work without imposing a burden 
on the user. 

• Req.2) The system should be able to analyze the 
research documents involved in the elaboration work 
and their relationships. 

• Req.3) The system should be able to present the 
research documents involved in the elaboration work 
and their relationships, as well as the work 
circumstances and histories, in a way capable for 
intuitive observation. 

• Req.4) The system should be able to present 
information that allows users to easily review the work 
scenes related to a document and examine the details of 
the work scenes they focus on. 

• Req.5) The system should be able to present 
information that allows users to easily review the 
contents and metadata of the research document of 
interest. 

• Req.6) The system should be able to present 
information that allows users to easily identify the 
location of the research documents they need, as well as 
other documents managed together with them. 

• Req.7) The system should be able to provide assistance 
in discovering the intended documents from among 
countless research documents. 

B. Function Design 

To satisfy the above system requirements, this system is 
equipped with the following functions. 

• Function for acquisition and accumulation of work 
history data: The function acquires and accumulates the 
history data and screenshots during the user's 
elaboration work on a PC. To avoid placing an 
unnecessary burden on the user, it starts automatically 
when the PC is turned on and automatically collects 
history data in the background (Solution to Req.1). 

• Function for generating an elaboration context graph: 
The function extracts the documents involved in the 
elaboration work and their relationships on the basis of 
analyzing the accumulated work history data. It then 
generates an elaboration context graph, in which 
documents and screenshots representing work scenes 
serve as nodes, and their relationships as edges 
(Solution to Req.2). 

• Function for displaying an elaboration context graph: 
The function visually presents the generated elaboration 
context graph in a way that allows users to interactively 
and intuitively observe the elaboration contexts by 
simple mouse operations (Solution to Req.3). 

• Function for reviewing work scenes: When the user 

selects a document node, the function displays a list of 
desktop screenshots showing the work scenes at the 
time the selected document was being edited or viewed. 
Furthermore, when the user selects a screenshot node, 
the function enlarges it (Solution to Req.4). 

• Function for displaying details of selected document: 
When a user selects a document node in the graph, the 
function displays the contents of that document along 
with attributes such as the last modified date and time, 
and the folder location (Solution to Req.5 and 6). 

• Function for searching documents: The function 
searches for document nodes within the elaboration 
context graph that contain keywords entered by the user, 
and highlights the document nodes containing those 
words (Solution to Req.7). 

C. Implementation of Prototype 

Based on the above design, we implemented a prototype of 
the support system as a desktop application for Windows. This 
system consists of modules, including a work history 
acquisition unit and a node/edge generation unit, as well as a 
base system that manages fundamental functions such as 
coordination among these modules and user authentication. 
Moreover, a database was built to manage the work history 
data and screenshots as well as generated context graphs. 

This system was implemented on Windows 11 using 
Python as the development language. Moreover, MySQL was 
used as the DBMS. The system configuration is shown in Fig. 
2. 

 
Fig. 2. System configuration. 

D. Assistance in Understanding Elaboration Contexts Using 

the System 

An interface of the support system for understanding the 
elaboration contexts is shown in Fig. 3. When the user attempts 
to review their own or others' elaboration work of research 
documents, the system presents the elaboration context graph 
along with related information in response to the user's request. 
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Fig. 3. An interface of the support system. 

In the area for displaying the elaboration context graph (left 
side of Fig. 3), users can zoom in and out on the graph. 
Moreover, the user can interactively manipulate the document 
nodes. For instance, when a node on the graph is clicked, the 
metadata such as document name, and last access/modified 
date and time are displayed (upper right in Fig. 3). The content 
of the selected research document is also displayed depending 
on node selection (middle right of Fig. 3). In addition, double-
clicking a node, the corresponding research document opens 
independently in its associated application, such as MS Word. 
Furthermore, the user can display a list of screenshots related 
to the node he/she has selected by switching tabs (Fig. 4). 
Clicking a screenshot of interest from the list, the screenshot is 
enlarged, allowing the user to observe the work scene at that 
time. The user can also check the folder containing the selected 
document, allowing to easily access other documents in the 
same folder. 

 
Fig. 4. Function for displaying details of selected document/function for 

reviewing work scenes. 

By utilizing these functions, the user can observe the 
circumstances and histories of the elaboration work such as: 
What tasks were performed concurrently while creating a 
certain document, - What tasks were completed and what 
artifacts were obtained before starting to create a certain 
document, - How the reference to a certain document 
influenced the direction of subsequent document creation. 

Additionally, when the user enters keywords into the search 
prompt, the nodes of documents containing those keywords in 
their file names or main text are highlighted on the graph. This 

makes it easy to locate the intended documents (lower left of 
Fig. 3). 

Thus, assistance provided by the system enables the user to 
realistically observe the contexts in elaboration work of 
research documents. 

V. EXPERIMENT AND DISCUSSION 

A. Outline of Experiment 

We conducted an experiment to verify the effectiveness of 
the prototype system in supporting the understanding of the 
elaboration contexts of research documents. 

1) Preparatory session: First, two fourth-year 

undergraduate students majoring in computer science 

(participant A and B) searched the web for papers related to 

their own research themes and summarized the following 

points in a way of reinforcing the slides that they had 

previously created. The slides on which participants 

performed this work are called “reinforced slides”. 

• Overview of main related works and their connections 
to the participant’s own research. 

• Future issues to be addressed in the participant’s 
research. 

• Clues for progressing the participant’s own research 
such as ideas for system design and promising methods 
of analysis. 

The work time was set at approximately 90 minutes, and 
the support system collected the work history data during the 
participant's work. 

2) Main session: After the preparatory session was 

completed, four third-year undergraduate students majoring in 

computer science (referred to as Subjects I, J, K, and L) 

observed the research documents used by participants A and 

B, who were senior students, in order to understand the 

research overview and the contexts in the work conducted by 

senior students. Specifically, we prepared a folder containing 

research documents used by senior students, including the 

collected literature and documents created by other students, 

and provided it to the subjects. Using the reinforced slides of 

senior students as a starting point, the subjects reviewed these 

documents and performed the following tasks. 

• Task I) Understand the senior student's research 
overview and key points, as well as the new content 
they added to the reinforced slides. 

• Task II) Select five or more documents that are helpful 
to the subjects themselves in understanding the research 
of senior students from the provided folder. 

• Task III) Select up to three documents that the subject 
inferred “particularly referenced by the senior students 
in advancing their own research,” from the senior 
student's folder as in Task II). 
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Subjects performed these tasks in two sets (each set 
targeting the work history of a different senior student) while 
changing whether support was provided by the system. Table I 
shows the combinations of senior students targeted and the 
presence or absence of the support when these tasks were 
conducted. We recorded the work performed by the subjects 
and conducted interviews with them after the tasks were 
completed. 

TABLE I.  COMBINATIONS OF SENIOR STUDENTS TARGETED AND 

SUPPORT CONDITIONS 

 First Second 

Subject I 
Without support 

（Participant A） 

With support 

（Participant B） 

Subject J 
Without support 

（Participant B） 

With support 

（Participant A） 

Subject K 
With support 

（Participant A） 

Without support 

（Participant B） 

Subject L 
With support 

（Participant B） 

Without support 

（Participant A） 

After completing the tasks, we examined the effectiveness 
of the support provided by the system in the following 
perspectives. 

• Whether the support provided by the system can reduce 
the burden on workers, such as the time required for 
tasks. 

• Whether differences exist in characteristics of subjects’ 
behavior, such as the number of documents viewed 
during tasks and work tendencies, depending on the 
presence or absence of support. 

Whether the support provided by the system enables the 
subjects to easily grasp the key points of the work performed 
by senior students. 

B. Results and Discussion 

First, we confirmed that the series of processes—from 
acquiring the history data, its analysis, to the generation of the 
elaboration context graph—can be performed as intended. Fig. 
5 shows the overviews of the elaboration context graphs for 
participants A and B generated in the experiment. 

 
Fig. 5. Overview of the elaboration context graphs generated in the 

experiment. 

Table II shows the duration of Tasks I, II, and III for 
subjects I through L. These results indicate that the time 
required for the tasks is reduced in many cases when support is 
provided. This is thought to be because the support reduced the 
burden of unnecessary tasks such as simple checking. On the 
other hand, subject K took slightly longer to complete Task II 
when support was provided. Upon closely observing the work 
circumstances using recorded videos, it was found that time 
was spent on carefully reading several papers. Therefore, it is 
not considered that there was any wasted time, nor that the 
results negate the effectiveness of the support. 

Next, Table III shows the number of documents viewed by 
subjects I through L in Tasks I, II, and III. It was found that the 
number of documents reviewed decreased in most cases where 
support was provided. It is thought that this is because the 
subjects had no choice but to browse documents in the working 
folder blindly in case without support, whereas with support, 
they could smoothly progress their work by preferentially 
browsing documents of interest on the context graph presented 
by the system. On the other hand, Subject I viewed more 
documents in Tasks I and III when support was provided. Upon 
closely observing the work circumstances using recorded 
videos, it was confirmed that task itself proceeded smoothly 
similar to other subjects in case with support. In addition, it 
appeared that subject I was using their spare capacity to review 
additional relevant documents, which can be considered a 
positive tendency. 

Furthermore, we even more carefully reviewed the videos 
and observed the work circumstances in detail. As a result, it 
was found that the workload and task difficulty appeared to be 
somewhat reduced when using the support system, not only in 
the case mentioned above. On the other hand, without support, 
subjects appeared to struggle to identify and review the 
documents that senior students had referenced among the vast 
number of documents available. From these results, it can be 
inferred that the elaboration context graphs and the details of 
documents presented by the system offered substantial support 
for performing the tasks. This trend of reduced workload is 
consistent with the above-mentioned decreases in task duration 
and the number of documents viewed. 

Moreover, Table Ⅳ shows the accuracy in Task I, grasping 
the new contents added by senior students to the reinforced 
slides, for subjects I to L. For all subjects, it can be confirmed 
that the accuracy with support is equivalent to or higher than 
that without support. Taken together with the reductions in task 
duration and document views, these results indicate that 
subjects with support appeared to better understand the work 
performed by senior students, even when their accuracy was 
similar. Additionally, careful observation of the work using 
video revealed that subjects appeared to struggle while 
consulting numerous documents without support. In contrast, 
with support, subjects were observed to take notes on key 
points smoothly and without hesitation, using the provided 
documents and screenshots of actual work scenes as references. 
These findings are consistent with the accuracy of grasping key 
points of the task. 
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Additionally, in post-experiment interviews, we obtained 
comments such as: “When I used the system, documents 
related to the task are easier to find and review, making the 
work significantly easier compared to when no support was 
available.” and “The relationships between documents were 
visually clear, and viewing screenshots alongside them made it 
easy to confirm the key points of the task.”  

These results indicate the system's effectiveness in both 
aspects of reducing the burden of understanding past work 

circumstances and reviewing documents, and of grasping key 
points of past work. Although this experiment was conducted 
on a limited scale and requires further verification, it suggests 
the fundamental effectiveness of our approach for 
understanding the elaboration contexts of research documents. 

We also received feedback such as “Since the graph can 
only be scrolled using the scroll bar, it would be better if it 
could also be moved by dragging with the mouse.” This 
provides valuable hints for future improvements. 

TABLE II.  RESULTS OF THE TASK DURATION 

 Task Ⅰ Task Ⅱ Task Ⅲ 

 First Second First Second First Second 

Subject I 96 min 61 min 72 min 35 min 18 min 15 min 

Subject J 52 min 45 min 34 min 23 min 17 min 17 min 

Subject K 48 min 64 min 115 min 96 min 28 min 40 min 

Subject L 36 min 42 min 70 min 72 min 29 min 46 min 

Underline: With support by system. 

TABLE III.  RESULTS OF THE NUMBER OF DOCUMENTS VIEWED 

 Task Ⅰ Task Ⅱ Task Ⅲ 

 First Second First First Second First 

Subject I 6 13 31 14 6 13 

Subject J 17 12 32 15 19 13 

Subject K 14 21 34 37 14 31 

Subject L 4 5 12 20 8 9 

Underline: With support by system. 

TABLE IV.  ACCURACY IN GRASPING SENIOR STUDENTS’ REINFORCED 

SLIDES IN TASK Ⅰ 

 First Second 

Subject I 0.46 1.00 

Subject J 1.00 1.00 

Subject K 1.00 1.00 

Subject L 0.92 0.51 

Underline: With support by system 

VI. CONCLUSION 

In this research, we developed a system to support the 
understanding of the contexts in the work of elaborating 
research documents. Specifically, we developed a method for 
generating the elaboration context graphs on the basis of 
analyzing documents involved in the elaboration work and 
their relationships, using the work history data. We also 
developed a prototype system to support the understanding of 
the elaboration contexts based on the method. Finally, we 
conducted an experiment using the prototype and discussed its 
effectiveness based on the results. 

Future work includes further verification of the 
effectiveness of the support system for understanding the 
elaboration contexts through long-term experiments. 
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