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Development and Operation of an All-in-One IR System
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Abstract

In recent years, Institutional Research (IR) has become increasingly important for decision-
making support in Japanese higher education institutions. This paper reports on the devel-
opment and operation of an IR system at Kyushu Institute of Technology, which has been 
under construction since fiscal year 2022. The system integrates a data lake server with an 
ETL (Extract, Transform, Load) server to provide various functions including grade distri-
bution visualization, automated infection report generation, and integration with academic 
affairs systems. The key feature of this system lies in its utilization of programmatically 
operable tools such as a data lake, an ETL Tool, a statistical software, and PDF creation to 
automate data collection, restructuring, analysis, and reporting processes within the infor-
mation support cycle. This approach has improved operational efficiency and reduced costs 
at the university while establishing a foundation for data-driven decision-making. Future 
plans include system expansion with the introduction of data warehouse and BI tools.

Keywords: Institutional Research, Data Lake, ETL, Automation, Information Support Cy-
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1 Background

In recent years, Institutional Research (hereafter abbreviated as IR) has come to play an 
important role in higher education institutions in Japan. IR practitioners are assigned to 
each higher education institution, and they work diligently to improve their IR skills. There 
is a concept called the information support cycle [1] that is often used as a model when 
carrying out IR work. This involves executing organizational decision-making by repeating 
the following five phases.

• University executives “identify issues and needs.”

• Administrative organizations “collect and accumulate data.”

• IR practitioners “restructure and analyze data.”

• IR practitioners “report data” to university executives.
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• University executives “make decisions.”

In fiscal year 2013, when IR began to spread in Japan, Kyushu University launched
an “IR Human Resource Development Curriculum” [2][3][4] based on this information
support cycle. This curriculum was designed for graduate students at Kyushu University
and consisted of 5 courses totaling 10 credits corresponding to the information support cy-
cle. The curriculum at Kyushu University was held until fiscal year 2016 due to faculty
departures, but in its place, Tokyo Institute of Technology (currently Tokyo University of
Science) began offering Institutional Research Theory [5][6] from fiscal year 2019, which
continues to this day. Among IR practitioners, some not only effectively utilize such train-
ing opportunities but also engage in self-study using books like the University IR Standard
Guidebook [7]. It is known that there are many other IR training opportunities in Japan
besides those mentioned above [8][9].

On the other hand, it is also known that the needs for the training itself are becoming
more diverse. A web survey on IR workshops in fiscal year 2022 [10][11] revealed that IR
practitioners prefer workshops on data restructuring and analysis content that last at most
one overnight stay, with about two sessions per day. When individual interview surveys
[12][13] were conducted as an extension of this web survey, it was found that IR practition-
ers not only wanted level-specific workshops that included visualization content in addition
to data restructuring and analysis, with content that helped them understand analysis meth-
ods, visualization, and data interpretation, but also wanted to interact and share feelings
with other participants. Based on these needs, attempts were made to design workshops,
but it became clear that it was difficult to uniquely determine the difficulty level of the
training, so the idea of designing level-specific workshops was abandoned.

Instead, in fiscal year 2023, workshops focusing on IR practitioners’ self-recognition
of IR skills were held [14][15]. In these workshops, participants were each given materials
related to data analysis [16][17], and after discussing the content, not only were the diffi-
culty level and comprehension investigated, but also the discrepancy in self-recognition of
IR skills before and after the workshop. Additionally, similar workshops were held in fiscal
year 2024 [18][19][20], and data collection including participant attributes was attempted.
These results showed that self-recognition of IR skills differed depending on whether par-
ticipants were faculty or staff members and their duration of involvement in IR [21].

The author is a person with relatively long experience in IR who has been involved
in initiatives like those mentioned above. The author belongs to the Learning and Teach-
ing Center at Kyushu Institute of Technology [22], and while performing educational IR,
also manages the Consortium for Visualization of Learning Outcomes through e-Portfolios
[23]. At Kyushu Institute of Technology, the development of an IR system based on the
information support cycle is being advanced with the author at the center, and first, the
data storage component was developed [24][25]. This paper explains the implementation
methods based on cases of visualization and data provision using the IR system at Kyushu
Institute of Technology.

2 Related System Groups

Kyushu Institute of Technology began building its IR system from fiscal year 2022. As of
2025, an IR system linking a data lake [26] server and ETL [27] server (ETL stands for
Extract, Transform, Load) is operating as shown in Figure 1. As shown in Figure 2, data
warehouse [28] and BI [29] will also be added in the future to improve decision-making
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Figure 1: Current IR System

Figure 2: Future IR System
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convenience, but at the time of writing, work has not yet begun on these. This section
explains the software and related services that are central to the current IR system shown in
Figure 1.

2.1 Central Operating Software

This section introduces the software that plays a central role in operations. An important
point is that all software can be handled programmatically.

2.1.1 Data Lake

NextCloud [30] is used as the data lake operating to store data in this IR system. NextCloud
not only allows data manipulation via the web but also through APIs. In other words, the
availability of APIs enables programmatic data manipulation rather than manual operations.
Additionally, because access permissions can be granted to individual users, it can prevent
inadvertent data leakage.

2.1.2 ETL Tool

Waha! Transformer [31] is used as the core ETL tool for the ETL server. This ETL tool
allows visual data transformation and joining, making it user-friendly even for beginners.
Also, ETL jobs (series of data processing) that have been created can be used from the
command line, making them programmatically usable. This ETL tool can handle not only
commonly used data formats such as CSV text and Excel, but also common databases.

2.1.3 Statistical Software

Data processed by the ETL tool is visualized using the statistical analysis software R. R
is not only available for free but also allows statistical and visualization processes to be
written as scripts, enabling the provision of inexpensive and sustainable visualization data.
Additionally, since R can also be used from the command line, it can be used programmat-
ically.

2.1.4 PDF Creation

Data visualized by R can be documented as PDF using latex [32]. R and latex are often
used on an integrated tool called RStudio [33], and processing in RStudio can also be used
programmatically.

2.2 Related Services

2.2.1 Academic Affairs System

Our university’s academic affairs system accumulates students’ personal data and academic
records. This system belongs to a server that cannot be directly referenced from the ETL
server in Figure 1, but some data can be directly referenced from the ETL server through a
system called Dr.Sum [34].
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Table 1: List of Visualization and Data Integration

3.1 Visualization 3.2 Data Integration

3.1.1 3.1.2 3.2.1 3.2.2
Grade

Distribution
Infection
Report

Academic
Affairs
System

Integration

Learning
Manage-

ment
System

Integration

Input Grade Data Infection
Information

Complete
Academic

Information

Timetable
Information

Source Portfolio Manual
Provision

Academic
Affairs
System

Academic
Affairs
System

Output Format PDF ✓ ✓
Excel ✓
Image ✓
CSV ✓ ✓

Trigger Scheduled
Execution

When File
is Provided

Scheduled
Execution

Scheduled
Execution

Frequency Daily As Needed Daily Daily

2.2.2 Portfolio System

Our university operates a portfolio system called the Learning Self-Assessment System
[35] to record students’ activities at the university. This is designed in accordance with
the JABEE [36] system, which our university has received accreditation for. JABEE is a
non-governmental organization that reviews and accredits engineering education programs
from perspectives such as “knowledge and abilities necessary for engineers” and “societal
requirement levels.” This portfolio system belongs to a server that can be directly referenced
from the ETL server, making it available for various data analyses.

2.2.3 Learning Management System

Our university has implemented Moodle [37] as a learning management system. Moo-
dle can manage materials and assignments necessary for conducting classes. The Moodle
server can be directly referenced from the ETL server.

3 Visualization and Data Integration

This section explains the items shown in Table 1 regarding specific examples of visualiza-
tion and data integration at our university.

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.

Development and Operation of an All-in-One IR System 5



Figure 3: Visualization of Grade Evaluation Proportions Using Bar Graphs

Figure 4: Visualization of Scores Using Box Plots and Scatter Plots
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3.1 Visualization

This section introduces two examples related to visualization. The data used here is dummy
data, but it is visualized using the methods actually employed in practice.

3.1.1 Grade Distribution

Our university provided faculty with the proportion of grades for each subject using bar
graphs as shown in Figure 3, and conducted self-inspection and evaluation of grade distri-
butions. In this figure, for example, “Faculty A(01)” shows the grade distribution for “Class
01 taught by Faculty A.” Our university has approximately 2,400 courses, and since visual-
ization was done manually using Excel for all courses, it took at least 4 hours for the graphs
to be completed [24][25]. Moreover, while the proportion of grades can be understood from
this graph, it is not possible to discern how the actual scores are distributed. Therefore, it
was difficult to conduct self-inspection and evaluation of grades.

Therefore, we decided to provide graphs that overlay box plots and scatter plots so
that the distribution of specific scores can be seen, as shown in Figure 4. The small colored
circles represent each student’s score, with different colors indicating the year of admission.
Also, the slightly larger black-outlined white circles indicate the average score. Grades
are determined as follows: 59 points or below is “Not acceptable,” 69 points or below is
“Acceptable,” 79 points or below is “Good,” 89 points or below is “Superior,” and 90 points
or above is “Excellent.” This allows us to discern, for example, the following:

• Class 01 taught by Faculty A and Class 07 taught by Faculty G have similar average
scores, but scores in Class 07 are more dispersed.

• In Class 02 taught by Faculty B, all students have “Excellent” grades, but the actual
scores are distributed within the range of 90 to 100 points.

• Both Class 04 taught by Faculty D and Class 05 taught by Faculty E have 10 stu-
dents with “Not acceptable” grades, but the scores of students with “Not acceptable”’
grades in Class 05 are significantly worse.

Both Figure 3 and Figure 4 are generated from grade data stored in the portfolio system
(Section 2.2.2), and are automatically output daily as PDF files using R and latex. Addi-
tionally, the original data is also output as an Excel file using the ETL tool so that grades
can be checked in detail. These output files are provided to relevant personnel through the
data lake.

3.1.2 Infection Report

In response to the COVID-19 pandemic, our university regularly reports the COVID-19
infection status as shown in Figure 5. The data that formed the basis for this figure is an
Excel file compiled based on reports of infected individuals. Until now, this Excel file was
manually visualized as shown in Figure 5 for each campus and for each category of students
and staff using Excel functions.

This time, we made it possible to generate this image automatically. Unlike the previ-
ous grade distribution, it was necessary to provide this not on a daily basis but as needed.
Therefore, we implemented it to visualize at the timing when the Excel file that serves
as the basis for visualization is placed in the data lake. Additionally, there was a request
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Figure 5: Visualization of Infection Reports

that the reporting period needed to be changed depending on the reporting timing, which
we addressed by having the reporting period noted in that Excel file. Under these condi-
tions, we implemented the system to provide image files as well as PDFs. This enabled the
automation of image creation, leading to cost reduction.

3.2 Data Integration

This section introduces two examples related to data integration.

3.2.1 Academic Affairs System Integration

Our university’s portfolio system (Section 2.2.2) utilizes data accumulated in the academic
affairs system (Section 2.2.1). Since the database of the academic affairs system cannot be
directly referenced, CSV files output from the academic affairs system are saved daily to
the data lake, and data is integrated by having the portfolio system retrieve these CSV files.
Since data from the academic affairs system is saved daily to the data lake, it can also be
expected to be utilized for future data analysis.

3.2.2 Learning Management System Integration

The learning management system Moodle used at our university can create courses using
CSV files. Timetable information from the CSV files obtained in Section 3.2.1 is processed
using the ETL tool to generate CSV files for creating those courses on a daily basis. These
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CSV files are manually imported into Moodle, but cost reduction was achieved by elimi-
nating the time required to generate the CSV files.

4 Summary and Future Developments

An important point of this paper is that IR system construction should use programmable
services and software. At our university, we have realized everything programmatically
in the information support cycle’s “data collection and accumulation,” “data restructuring
and analysis,” and “data reporting.” Additionally, the data lake is not merely a place to
accumulate data for analysis but has been made usable for various data integrations.

To build a programmable environment, support from personnel skilled in information
processing technology is important. It is even better if the IR practitioners are proficient in
information processing technology. Furthermore, if personnel knowledgeable about higher
education and statistics can be secured, effective utilization of the IR system can be ex-
pected.

At our university, a certain level of cost reduction has been achieved through the con-
struction of a programmable IR system. However, we have not yet reached the point of
providing seamless data analysis results or decision-making by executives. We would like
to proceed with the expansion of the IR system, also considering the introduction of data
warehouses and BI tools.
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