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Abstract—The development of a new system or product service
is not a sure thing. A new development method that identifies the
Minimum Viable Product (MVP) and starts the development of a
system or service is attracting attention. We propose a In-house
Development Model to identify the MVP of a business system
and develop the system in-house by the themselves.

Index Terms—Digital Transformation, Agile Development, User-
driven Development, In-house Development

I. INTRODUCTION

The impact of COVID-19 is changing the global social
structure. Digital transformation is necessary to adapt to
change. The information system plays an important role in pro-
moting DX of User Companies. However, user companies have
the problem of ”starting the development of an information
system with unclear requirements”. Agile development of the
information system in user companies using ”Low-code/No-
code tools” is attracting attention as a way to promote digital
transformation.

”Design Thinking” [1] was proposed at the HASSO PLAT-
TNER Institute of Design at Stanford. ”Design Thinking”
consists of five steps: ”EMPATHIZE”, ”DEFINE”, ”IDEATE”,
”PROTOTYPE”, and ”TEST”. Fig. 1. is an example of the
”Design Thinking” process. ”Design Thinking” is a necessary
concept for creating new value. Many companies are imple-
menting initiatives based on ”Design Thinking”.

”Lean Startup” [2] was proposed as a methodology for
launching a business under conditions of high uncertainty.
A Minimum Viable Product(MVP) is developed in ”Lean
Startup”. It provide users with MVPs based on hypotheses and
define value by ”Verification” with them through the ”Build-
Measure-Learn” cycle. ”Design Thinking” realizes ”Human-
Centered” value delivery. However, ”Lean Startup” emphasizes
the verification of business feasibility based on hypotheses.

Kagawa University defined ”Hypotheses” for business sys-
tem requirements based on a ”Human-Centered” (Ex. faculty,
staff, and students) approach. The ”Hypothesis” is ”veri-
fied” through co-creation with users (Ex. faculty, staff, and
students). Kagawa University proposes the ”In-house devel-
opment model for Business System at Kagawa University”
in which ”Human-Centered” business system requirements
are defined as ”Hypotheses”, and ”Verification” is conducted
through co-creation with users. The ”In-house development
model for Business System at Kagawa University”combines
”Design Thinking”, and ”Lean Startup”. Kagawa University
is currently developing a business system using the ”In-house
development model for Business System at Kagawa Univer-
sity”. This paper describes the ”In-house development model
for Business System at Kagawa University”. The ”In-house
development model for Business System at Kagawa Univer-
sity” is based on the iterative model of agile development.
Development is done in phases. The iterative model of agile
development in general aims to increase the product quality [4]
of the system. However, the ”In-house development model for
Business System at Kagawa University” defines a ”Hypoth-
esis” that enhances the quality of usability. Then, the users
(faculty, staff, and students) themselves develop the business
system by repeating ”PROTOTYPE”, and ”TEST” through co-
creation of the ”Hypothesis”. Therefore, the iterative model
differs from the general agile development iterative model,
which enhances ”product quality”. The ”In-house development
model for Business System at Kagawa University” focuses on
”user value” rather than ”product quality”. Several methods
for defining hypotheses, such as ”Design Thinking”, have been
proposed. Therefore, this paper does not limit the methods for
defining ”Hypotheses”.

Section II describes related research and related technolo-
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Fig. 1. Process of Design Thinking.

gies. Section III describes an”In-house development model for
Business System at Kagawa University”. Section IV provides
a Results. Section V provides a Conclusion.

II. RELATED RESEARCH AND RELATED TECHNOLOGIES

Chusho [5] says ”End users (defined as users in this paper)
who have knowledge of the business develop systems and
software on their own initiative. It is also important that users
take the lead in maintenance”. The user-driven development
proposed by Chusho is a three-tier architecture: ”Business
Level”, ”Service Level”, and ”Software Level”. Fig. 2. shows
the user-driven development approach proposed by Chusho. At
the ”Business Level”, users with business knowledge create
business models. At the ”Service Level”, create a domain
model based on the ”Business Model”. Software is developed
at the ”Software Level” from the created domain model.
Chusho says, ”A semantic gap is created between the business
level and the service level. Domain Knowledge Comple-
mentary Technology is a technology that complements the
semantic gap”. Kato et al. [6] proposed a request acquisition
method named THEOREE. The method proposed by Kato et
al. systematizes domain knowledge by means of a thesaurus,
which improves the efficiency of requirements analysis by
providing a systematic thesaurus to analysts who lack suffi-
cient domain knowledge. Kato et al.’s research falls under the
category of domain knowledge completion technology. At the
”Software Level” systems and services are developed by utiliz-
ing components. Chusho says, A Software Unit Gap is created
between the Service Level and the Software Level. ”Business
Objects” [7] , ”Design Patterns” [8], and ”Frameworks” [9]
are complementary technologies to the Software Unit Gap.
The smaller the description unit of a program, the greater the
scope of application because it can be expressed in a manner
similar to a programming language. However, if the Software
Unit is made larger and expressed in a business-like manner,
it will be easier for users to use, but the scope of application
will be limited.

Fig. 2. User-driven development approach which Chusho [5] Proposes.

With the development of information and communica-
tion technology, End-User Computing(EUC) [10] with ”Low-
code/No-code tools” that enable system and software develop-
ment without advanced programming knowledge is attracting
attention. ”Low-code/No-code tools” have been introduced for
use in DX promotion as a means to respond to the ”ambiguity
of needs”, and ”rapidly changing requirements” for system
and software development [11]. In addition, development using
”Low-code/No-code tools” is expected to significantly reduce
development man-hours and shorten the time to ”Verification”
of the MVP. Therefore, there is little Software Unit Gap be-
tween requirements and deliverables, and it has been reported
that it is effective in developing systems and software with
specific MVPs [12].

III. IN-HOUSE DEVELOPMENT MODEL FOR BUSINESS
SYSTEM AT KAGAWA UNIVERSITY

Fig. 3. shows the ”In-house development model for Busi-
ness System at Kagawa University” proposed in this paper.
Chusho showed that business knowledge is important for
users to develop systems and software that they themselves
need, and proposed a three-tier architecture (”Business Level”,
”Service Level”, and ”Software Level”). Kagawa University
integrated the ”Service Level” into the ”Software Level” by
utilizing ”Low-code/No-code tools” based on the tree-tier
architecture proposed by Chusho. In order to emphasize the
definition of ”Hypothesis” for the realization of ”Human-
Centered” value and the ”Verification” of MVP, we defined
a three-step approach (”Business level”, ”Software level”, and
”Verification level”) with a ”Verification Level” to ”Evaluate”
the developed system or software. By iteratively repeating this
three-step approach multiple times, users themselves develop
the systems and software they need. In this paper, the ”Low-
code/No-code tool” was used to integrate the ”Service Level”,
and ”Software Level”. However, if software can be developed
without any granularity gap between the ”Service Level”, and
the ”Software Level,” there is no need to use ”Low-code/No-
code tools.
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Fig. 3. In-house development model for Business System at Kagawa University.

In the ”In-house development model for Business System
at Kagawa University” business is defined at the ”Business
Level”. At the ”Business Level”, the ”Hypothesis” for the
business system is defined and MVPs are identified through
co-creation with users (faculty, staff, and students) who have
business knowledge. At the ”Software Level”, systems and
software are developed based on business definitions. At
the ”Software Level”, MVPs are developed from hypotheses
defined at the ”Business Level”, utilizing ”Low-code/No-code
tools”. Developed systems and software are evaluated at the
”Verification Level”. At the ”Verification Level”, not only is
the product quality of the system or software evaluated based
on the business definition defined at the ”Business Level”,
but also the validity of the ”Hypothesis” or MVP for the
user value defined at the ”Business Level” is evaluated. At
the ”Verification Level”, the continuation of development is
also discussed. If the decision to continue development is
made at the ”Verification Level”, the business definition is
modified or added at the ”Business Level”. Develop improved
systems and software at the ”Software Level” based on the
reviewed business definitions. If a decision to terminate de-
velopment is made at the ”Verification Level”, development is
terminated. In the ”In-house development model for Business
System at Kagawa University”, another system development
or new needs may be discovered through system or software
development. After the system development is completed, a
new development project is launched. This paper does not
define how to define a ”Business Model”, and how to generate

a ”Software Level”, and how to evaluate a ”Validation Level”.
In this paper, it is assumed that the method to be used is to
select the necessary method according to the target business
and the system or software to be developed.

IV. RESULTS

Kagawa University established ”DX Promotion Division”,
and ”DX Laboratory” in May 2021. In the ”DX Laboratory”,
IT and business divisions collaborate to develop business
systems in-house through co-creation. The ”DX Laboratory”
works in the ”DX Project Team”. The ”DX Project Team”
consists of users (faculty, staff, and students). Users with
business knowledge from the business departments participate
in the ”DX Project Team”. The ”DX Project Team” defined
a ”Hypothesis” and identifies an MVP based on the ”In-
house development model for Business System at Kagawa
University”. In October 2021, there were six ”DX Project
Teams”. The six ”DX Project Teams” have developed twenty-
five projects business system in-house. Fifteen projects have
already been completed. Ten business systems were devel-
oped in five months. At the ”Software Level”, the software
was developed using the ”Microsoft Power Platform” [13], a
”Low-code/No-code tools”. The ”Microsoft Power Platform”
includes four services: ”Microsoft Power Apps” [14], ”Mi-
crosoft Power Automate” [15], ”Microsoft Power BI” [16],
and ”Microsoft Power Virtual Agents” [17].

Using the ”In-house development model for Business Sys-
tem at Kagawa University”, we interviewed the staff who
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developed the business system. There are five questions.
Question 1: Do you feel a ”Semantic Gap” from the ”Business
Level” to the ”Software Level”? Question 2: Do you feel
a ”Granularity Gap” at the ”Software Level”? Question 3:
An impression of the use of ”In-house development model
for Business System at Kagawa University”. Question 4: An
impression of ”Design Thinking” and co-creation activities.
Question 5: An overall impression.

All four respondents answered ”no Semantic Gap” for
Question 1. The reason for this was that ”staff members who
understand the work develop software at the ’Software Level’,
so they do not feel a ’Semantic Gap’”. All four respondents
answered ”no Granularity Gap” for Question 2. The business
system is a flow definition using ”Microsoft Power Automate”
with ”Low-code/No-code tools”. Therefore, I do not feel any
”Granularity Gap”. The respondents to Question 3 answered,
”Until now, we could not implement a system without ordering
from a vendor, but now we can implement a system with a
sense of speed”, ”We can implement a system that we really
think is necessary”, and ”The larger the scale of the system, the
more difficult it is for end users to develop”. The respondents
to Question 4 answered, ”It was easier to share specific issues”,
and ”The motivation of the business units made a difference
in the results”. The respondents to Question 5 answered, ”the
data obtained from the system is useful”, ”I want to improve
the system based on the data”, and ”reviewing the operations
gave me an opportunity to think about whether the operations
were necessary”. The interview results indicate that the ”In-
house development model for Business System at Kagawa
University”, has the potential to solve the ”Semantic Gap”,
and ”Granularity Gap”.

V. CONCLUSION

In this paper, we define a ”Hypothesis” for the realization of
”Human-Centered” value. The ”In-house development model
for Business System at Kagawa University” in which business
systems are developed by ”Verification” of the defined ”Hy-
pothesis” through co-creation with users, was described. The
”In-house development model for Business System at Kagawa
University” combines ”Design Thinking” and ”Lean Startup”.
Through ”co-creation” between the IT and business divisions,
”Hypotheses”, and MVPs for the realization of ”Human-
Centered” value can be identified, and business systems using
EUC can be produced in-house using ”Low-code/No-code
tools”. The ”In-house development model for Business System
at Kagawa University” can define MVP by three steps: ”Busi-
ness Level”, ”Software Level”, and ”Verification Level”. The
”In-house development model for Business System at Kagawa
University” has the potential to solve the problem of ”starting
development with unclear requirements” for user companies
working to promote DX.

Using the ”In-house development model for Business Sys-
tem at Kagawa University”, an interview survey was conducted
with university employees who have developed their business
systems in-house. One comment was, ”It is difficult to judge
what end-users can and cannot develop with EUC”. And, Some

projects were terminated because the ”Hypothesis”, or ”MVP”
could not be verified at the ”Validation Level”. The future
work is to clarify the conditions under which end-users can
participate in development and to establish guidelines.
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