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ABSTRACT

This study develops and validates TOEHBCHAIN, a readiness-driven
blockchain adoption framework designed to enhance transparency, effi-
ciency, and accountability in Indonesia’s Makan Bergizi Gratis (MBG)
program. Using a mixed-methods design, data were collected from
323 student beneficiaries, 23 schools, and qualitative interviews with
government officials, vendors, and administrators. The Technol-
ogy—Organisation—Environment—-Human (TOEH) framework guided readi-
ness assessment, while blockchain architecture was structured into four
layers: Application, Smart Contract, Data, and Integration. Triangula-
tion through expert validation and Focus Group Discussions strengthened
reliability. Results show high organisational and environmental readiness
but moderate technological understanding and limited human competence.
Qualitative findings emphasise the need for automated reporting, real-time
tracking, and inclusive interfaces. The TOEHBCHAIN framework inte-
grates TOEH dimensions with blockchain features such as RBAC security,
lightweight PWA design, and interoperability with government databases.
Validation confirmed its feasibility, contextual relevance, and replicability.
TOEHBCHAIN effectively aligns stakeholder readiness with blockchain
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functionalities to address digital transparency gaps in food distribution,
offering an adaptable model for broader public welfare applications.
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1. INTRODUCTION

The MBG program (Makan Bergizi Gratis) is a na-
tional initiative that provides free, nutritious meals
to students, particularly in underserved areas. The
program aims to reduce stunting and improve edu-
cational outcomes. The Indonesian school system in-
cludes multiple levels from SMP (junior high school)
to SMA /SMK (senior high/vocational school), which
are the primary beneficiaries of MBG. Meanwhile,
Dapodik (Data Pokok Pendidikan) is the national ed-
ucation database system, which records student data
and school profiles. Integrating MBG with Dapodik
ensures accuracy and accountability in food distribu-
tion.

Indonesia still faces serious challenges in fulfilling
the nutritional needs of school children. The preva-
lence of stunting has reached 21.6% (SSGI, 2022) [1],
[2], and is one of the inhibiting factors in achieving the

SDGs, especially SDG 2 (Zero Hunger), SDG 3 (Good
Health and Wellbeing), and SDG 4 (Quality Edu-
cation) [3]. To solve this problem, the government
implemented the Makan Bergizi Gratis (MBG) Pro-
gram [4], [5] as part of the national nutrition interven-
tion strategy. However, the program still faces signif-
icant transparency and accountability challenges due
to manual reporting, inconsistent monitoring, varying
levels of digital capacity among local implementers
and student beneficiaries, and several incidents of
food poisoning were reported [6], [7].

The results of the questionnaire from 323 respon-
dents who received the MBG program, consisting of
students from various schools with different levels of
education, showed that the majority of them stated
that they were satisfied with the existence of this pro-
gram. However, different results were obtained from
interviews with the Education Office, Health Office,
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food vendors, and schools. Criticism was obtained re-
garding distribution tracking, reporting effectiveness,
and the need for a more modern monitoring system
because the MBG distribution and reporting process
has not been based on a transparent digital platform.

The research questions guiding this study are: (1)
What is the readiness level of different stakeholders
(students, schools, government, vendors) to adopt
blockchain-based MBG distribution systems? (2)
How can readiness factors be translated into con-
crete blockchain architectural design? (3) Why is
blockchain more suitable than centralised systems in
ensuring transparency and accountability in food wel-
fare programs?

Blockchain technology is present as an innova-
tive solution that offers advantages over conventional
database systems [8], [9] because it has the following
characteristics: an immutable ledger where data can-
not be changed, a decentralised consensus that allows
for independence from one party, and real-time au-
ditability that allows every transaction to be traced.
In order to adopt blockchain technology that is appro-
priate to the recipient’s conditions, the Technology-
Organisation-Environment-Human (TOEH) innova-
tion adoption framework is used. [10], [11], [12],
[13], which is a development of the Technology-
Organisation-Environment (TOE) framework. The
TOEH framework discusses the readiness of grass-
roots stakeholders with limited digital literacy, such
as school children and frontline school personnel,
who interact directly with the system daily. Cur-
rent studies of blockchain technology adoption of-
ten stop at identifying factors that influence adop-
tion intentions, without translating these factors into
blockchain architecture. This study addresses this
gap by developing a new framework called the TOE-
HBCHAIN framework, which is a readiness-based
blockchain technology adoption framework that ex-
plicitly includes user groups with low literacy levels,
so that the implementation of blockchain technology
can be more practical, safe, and truly support public
food welfare programs.

2. METHODS

The method used is Research and Development
(R&D) using a mixed-method approach [14], [15],
[16], namely involving quantitative data (surveys)
and qualitative data (in-depth interviews) with re-
search stages as seen in Table 1, and using a list of
questions that refer to the TOEH framework as seen
in Table 2.

Table 1:
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The Research Stages.

No

Stages

Activities

Preliminary
research

Interviews to identify research
field issues with some sources
from:

1. Education Office,

2. Health Office,

3. Schools,

4. Food Vendors (SPPG).

Quantitative
Data
Collection

Questionnaires were distributed
to MBG recipients using the
TOEH+ framework, consisting
of:

1. 323 MBG program
recipients, consisting of
students in grades VII, VIII,
IX, X, XI, and XII from
several schools located in
Batang Regency,
Pekalongan City,
Pekalongan Regency, and
Pemalang Regency,

2. 23 MBG program recipient
schools located in Batang
Regency, Pekalongan City,
Pekalongan Regency, and
Pemalang Regency, ranging
from junior high school
(SMP) to senior high school
(SMA/SMK) levels, both
private and public schools.

Data analysis

1. Validity and reliability
testing of survey data
(SPSS),

2. Thematic analysis of
interview data.

Design
Planning

Combining the TOEH
framework (having four
dimensions, namely:
Technology Dimension,
Organisational Dimension,
Environmental Dimension, and
Human Dimension) with
Blockchain technology (having
four layers, namely: Smart
Contract, Data Layer,
Application Layer, Integration
Layer)

Results
Validation

To strengthen the research
results, validation was carried
out using the triangulation
method [17], [18] to obtain
valid data, namely:

1. Conducting Focus Group
Discussions (FGDs)
involving MBG program
stakeholders,

2. Conducting interviews with
experts in the field of
blockchain technology
implementation,

3. Strengthening the results
with existing research
findings.
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Table 2: The List of Questions in the Question-
naire. a a
uestion uestion
Aspect | Code Student School Aspect | Code Student School
I have adequate The school has The local The local
digital devices to | adequate government government
access a equipment to supports the policies support
technology- support the implementation the application
TEL based system. implementation EN2 of technology of technology to
of the MBG for the MBG the MBG
program program program
distribution and — distribution distribution and
monitoring Z system. monitoring
—~ system. ET-J/ system.
ﬁ I am aware of The school = Our school has The school has
~ the MBG understands the g the infrastructure | infrastructure
% TEo | Program MBG program g (internet (internet
-—'g distribution distribution and R= network, network,
é system. monitoring Z electricity) to electricity) that
. system. = support the supports the
= Applying The school EN3 | implementation application of
technology can believes that of technology in technology in the
help improve the | implementing the MBG distribution
efficiency of the technology can program system and
TE3 MBG program improve the distribution monitoring of
distribution efficiency of the system. the MBG
system. MBG program program.
distribution and I have basic Schools have
monitoring competencies in staff with basic
system. using competencies
Our school The school HU1 technology- who can use the
supports the supports the based MBG program
MBG program implementation systems. distribution and
ORI distribution of the MBG monitoring
system program system.
distribution and I am willing to The school is
monitoring learn to improve | willing to hold
system. my skills in training for all
Our school The school has using teachers and
E already has the appointed the technology- staff to improve
o staff responsible | staff responsible based systems. their skills in
\; for for HU2 utilising the
2 OR2 | implementing implementing technology-
§ the MBG the distribution 5\ based MBG
k= program. and monitoring o program
b:vso of the MBG ~ distribution and
5 program. g monitoring
Our school The school E system.
already has already has o I was involved The school is
procedures to SOPs to regulate as the actively involved
OR3 regulate the the distribution HU3 | beneficiary of in implementing
MBG program system and the MBG the MBG
distribution monitoring of program. program.
system. the MBG program. I am ready to Schools are
program. adapt if a ready to adapt if
Our environment | The school technology- a technology-
’i supports the environment based MBG based MBG
= implementation supports the HU4 | program program
: of technology implementation distribution distribution and
g EN1 for the MBG of technology for system is monitoring
g program the MBG implemented. system is
° distribution program implemented.
S system. distribution and
;g monitoring
system.
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3. RESULTS
3.1 The Questionnaire Results

1. Student Respondents (n=323)

From the technology aspect, although most stu-
dents feel they have adequate equipment (TE1:
80.5%), their understanding of distribution systems
(TE2: 64.1%) and the benefits of technology (TE3:
67.5%) is still classified as moderate. From the or-
ganisational aspect, school institutional support is
very high (ORI and OR2 > 85%), but readiness in
the form of SOPs still needs to be improved (OR3:
57.3%). The environmental aspect shows strong ex-
ternal support (above 70%), including from local gov-
ernment and school infrastructure. However, in the
Human aspect, there was a contrast. Although most
students are willing to learn and adapt (>90%), only
36.2% feel they have basic technology competence, in-
dicating a need for initial training. All variables were
declared valid and reliable with Cronbach’s Alpha >
0.6.

Table 3: The Results of Student Respondent Ques-
tionnasires.

The
Percentage ‘qs
Aspect of Agree, Vall(.ilty. ?nd
(TOEH) Strongly Reliability
Agree
- TE1: - The significant
80,5% TE1, TE2, and
- TE2: TE3 values are
64,1% 0.00 < 0.05,
- TE3: which are
Technology 67,5% considered valid.
(TE) - The Cronbach’s
Alpha value for
the TE variable
is 0.69 > 0.6, so
it is considered
reliable.
- OR1: - The significant
85,1% values of OR1,
- OR2: OR2, and OR3
87,7% are 0.00 < 0.05,
- OR3: so they are
Organisation 57,3% considered valid.

(OR) - The Cronbach’s
Alpha value for
the OR variable
is 0.726 > 0.6, so
it is considered

reliable.
- EN1: : - The significant
72,8% values of ENT1,
- EN2: EN2, and EN3 is
81,1% 0.00 < 0.05,
- EN3: which is
Environment 83,9% considered valid.
(EN) - The Cronbach’s

Alpha value for
the EN variable
is 0.739 > 0.6, so
it is considered
reliable.

The
Percentage .
Aspect of Agree, Vall('hty. find
(TOEH) Strongly Reliability
Agree
- HUIL: - The significant
36,2% HU1, HU2,
- HU2: HU3, and HU4
66,3% values are 0.00 <
- HUS3: 0.05, so they are
92,3% considered valid.
Human (HU) - HU4: - The Cronbach’s
97.2% Alpha value for
the HU variable
is 0.600 > 0.6, so
it is considered
reliable.

2. School Respondents (n=23)

In the Technology aspect, the level of agree-
ment in the questionnaire options is 56.5%—65.2%,
which shows that schools are starting to under-
stand and accept the application of technology. The
organisational aspect received a fantastic response:
all schools supported the MBG distribution system
(OR1: 100%), and almost all had staff and implemen-
tation procedures for MBG. In the Environment as-
pect, support from infrastructure and policies is very
high (> 95%). Meanwhile, in the Human aspect, the
majority of schools feel that they already have com-
petent staff (HU1: 73.9%) and are ready to adapt and
conduct training (> 87%). All items in each variable
show high validity and reliability.

Table 4: The School Respondent Questionnaire Re-
sults.

The
Percentage .
Aspect of Agree, Vallc.hty. find
(TOEH) Strongly Reliability
Agree
- TEL: - TE1, TE2, and
65,2% TE3 are
- TE2: declared valid
60,8% because the
- TE3: Sign value is
Technology 56,5% 0.000 < 0.05
(TE) - The Cronbach’s
Alpha value for
the TE variable
is 0.715 > 0.6,
S0 it is
considered
reliable.
- ORI1: - The
100% significant
- OR2: value of QR1,
85,7% QR2, and QR3
- OR3: is 0.000 < 0.05,
- 87% so it is stated as
Organisation .
(OR) valid.
- The Cronbach’s
Alpha value for
the RQ variable
is 0.823 > 0.6,
so it is declared
reliable.
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The
Percentage . 1
Aspect of Agree, Valu?lty' .and
(TOEH) Strongly Reliability
Agree
- ENI11: EN1, EN2, and
95,6% EN3 are stated
- EN2: as valid
100% because the
- EN3: sign value is
. 95,5% 0.000 < 0.05
Environment ,
(EN) The Cronbach’s
Alpha value for
the EN variable
is 0.869 > 0.6,
so it is
considered
reliable.
- HU1: HU1, HU2,
73,9% HU3, HU4 are
- HU2: stated as valid
91,3% because the
- HU3: sign value is
95,7% 0.000 < 0.05
Human (HU) | - HU4: The Cronbach’s
87% Alpha value for
the EN variable
is 0.821 > 0.6,
so it is
considered
reliable.

3.2 The Interview Results

Table 5: The Interview Results.

Aspect Problem Needs
(TOEH) Identification Identification
- Reporting and | - Build the
monitoring do automatic
not have an reporting
integrated features,
system yet; - Seta
they are still distribution
using direct time limit
communication (so that the
with the food does
WhatsApp not go
application. stale),
Technology | ~ T.he — - The system
(TE) distribution of has an
MBG to MBG
schools is tracking
sometimes late feature
- It was found (distribution
that the MBG process

received by the
students was in

and student
response to

implementation
of the MBG
program
distribution

a stale the

condition. condition of
the MBG
that they
received)

- Al The system has

stakeholders role-based

have SOPs to access control

support the (RBAC) for

security and to
restrict access
to the system.
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Aspect Problem Needs
(TOEH) Identification Identification
and monitoring
system.
- All of the
stakeholders
support the
existence of a
technology-
based MBG
program
distribution
and monitoring
system,
- Student data
has not yet
been integrated
with Dapodik
- data.
The infrastructure | - Lightweight
conditions of and
stakeholders vary resource-
in specifications; saving web
Environment | some have low technology,
(EN) specifications, and | - The system
some have high has an
specifications. offline
mode
feature.
The capabilities of | - The Simple
the staff appointed and
by the stakeholders responsive
in utilising system
technology-based dashboard
systems are not the design,
same. - Thereis a
wizard
(step-by-
step) for
beginners,

- Use the

Human (HU) simple .
language in
system
displays,

- Complete
the system
with video
tutorials &
FAQ,

- Training is
held for
staff who
use the
system.

From a technological perspective, the current dis-
tribution system is not digitised yet and still relies on
WhatsApp; there have been complaints about spoiled
food and delays in the distribution. Therefore, an
integrated system with automatic reporting, distri-
bution tracking, and service deadlines is needed. In
terms of organisation, all stakeholders already have
SOPs and support digital transformation, but stu-
dent data integration with Dapodik is not available
yet. The Environment aspect highlights the differ-
ences in infrastructure between schools; therefore, the
system must be lightweight, resource-efficient, and
support offline mode. Finally, from the Human per-
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spective, the disparity in technological capabilities
among staff indicates the need for an easy-to-use sys-
tem, accompanied by training, wizards, and visual
aids.

3.3 The Readiness Level for Adoption of the
MBG Distribution and Monitoring Sys-
tem

Based on the data in tables 3, 4, and 5, it shows the
readiness of stakeholders to adopt the MBG Distri-
bution and Monitoring System based on Blockchain
Technology, as summarised in table 6 below:

Table 6: The Stakeholder Readiness Summary.
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TOEH The Readiness | o g6 ckchain
Components Aspects (Based Implementation
on Data)
Students and Immutable
schools have Ledger & Smart
devices, but not Contract
Technology
(TE) all of them
understand the
MBG system
(TE2 & TE3 low)
Institutional Role-Based
support is high, Access Control
s but SOPs and (RBAC)
Organisation . .
data integration
(OR) .
are incomplete
(OR3 &
Dapodik)
Infrastructure Offline Mode,
support is Lightweight
Environment | relatively high, System
(EN) but there is
variation in
quality.
Low initial Inclusive and
competency, but educative UI/UX
high willingness
Human (HU) to learn and adapt
(HU1 low, HU4
high)

4. DISCUSSION
4.1 Four-Layer-Based Architecture

Table 7: Blockchain Architecture.

Layer Main Components Function
- Distribution Ensures the
Smart and reporting transpar.cncy and
Contract rul(fs aytomatl.on of .
Layer - Validate distribution logic
distribution and time-based
deadline report audits.
- Immutable Store all
Ledger distribution and
Blockchain reporting
Data Layer | _ éocal Cache) transaction data
(PWA) securely and
unalterably.

Layer Main Components Function
- Web-based An inclusive,
UI dashboard lightweight, and
- Wizard easy-to-
Application onboarding understand user
Layer - Simple interface for
language students, schools,
- Lightweight and agencies.
System
- APIto Connecting the
Dapodik system with
. - WhatsApp external databases
Integration
Layer Gateway. and p()pl.ll‘dl‘.
- Automatic communication
notification systems
(WhatsApp).

Smart contracts will arrange distribution and re-
porting logic, including deadlines. The dashboard
UI should be intuitive, Indonesian-language, and
equipped with wizards, video tutorials, and auto-
mated reporting. For connection limitations, a Pro-
gressive Web App (PWA)-based system will store
data locally and synchronise when online. The Role-
Based Access mechanism will separate access rights
based on stakeholders (schools, vendors, agencies,
students). Finally, Integration connects the system to
Dapodik and WhatsApp Gateway for efficiency and
user familiarity.

4.2 The Design of Role-Based Access Control
(RBAC)

The MBG program distribution and monitoring
system implements RBAC to manage system user
access rights to make it more efficient, secure, and
structured, as shown in Table 8.

Table 8: Role-Based Access Control.

S tali (Ijll:l der The Primary Access Rights
Input the food receipts (good/stale),
Student access notifications, and distribution
history.
Input student data, confirm
School acceptance, and access the

distribution dashboard and reports.
Input distribution schedule & status,
real-time updates via dashboard.
Distribution tracking, report analysis,
vendor & school monitoring.

Food quality monitoring, monitoring
of stale food cases, and reporting
audits.

Food Vendor

Education

Office

Health Office

4.3 The System Design Based on TOEH

Table 9 shows that the blockchain system design
has been adjusted to the needs of each aspect of
TOEH, as seen in Table 9.
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Table 9: The System Design Based on the TOEH
Framework.
TOEH Design Implications of Blockchain
Aspects Technology
Lightweight web-based system (PWA),
Technology | automatic reporting, and real-time
tracking features.
SOPs are integrated and stored in the
Organisation | system, dashboard for management,
and role-based access (RBAC).
Offline mode support, efficient
. network and device Integration,
Environment e .
and compatibility with government
systems.
Simple Ul, guide wizard, tutorial and
Human training materials, communicative
Indonesian text.

4.4 The Readiness Level for Adoption of the
MBG Distribution and Monitoring Sys-
tem

Figure 1 illustrates the TOEH dimensions and the
4-layer blockchain integration into a holistic frame-
work called TOEHBCHAIN. Each blockchain layer
(Application, Smart Contract, Integration, and Data
Layer) is adjusted to the Technology, Organisation,
Environment, and Human aspects to achieve adap-
tive, safe, efficient, and inclusive implementation re-
sults, as explained in Table 10.

Table 10: The Advantages of the TOEHBCHAIN
Framework.

Aspect FI‘:‘II(I)E]!EVS]I:_:Z[)I'I( Blockchain | Synergy
Assessing Modular The system
user system is made

Adaptability | readiness design according
to the user
capacity

Roles & Immutable Rules-based
access per ledger data

Security stakeholder validation

and
transparency
SOP and Smart Reduction
infrastructure | contract of
Efficiency mapped automation | duplication
& process
delays
User Wizard- Low digital
Inclusivity | capability based literacy
analysis UI/UX support

Compared with previous studies, this research ex-
tends TOE-based blockchain adoption frameworks
by explicitly including the Human readiness dimen-
sion. Unlike Chittipaka et al. (2023), which focused
on supply chains, TOEHBCHAIN integrates low-
literacy user needs with technical design choices such
as RBAC and PWA. Furthermore, while Clohessy
et al. (2019) highlighted organisational readiness as
crucial, our framework operationalises this readiness
into system architecture. In technical terms, TOE-

TOEHBCHAIN FRAMEWORK

TOEH FRAMEWORK
Technology | Organization | Environment Human
Application Inclusive, lightweight, and user-
Layer friendly user interface
=
ma Ensure transparency and audit of
E Smart d audit of
L |Contract Layer time-based reports
()
x -
(6] Integration Connecting the system with external
9 Layer databases and communication systems
o
Data Store all data and reporting
Layer securely and irreversibly

-~ =

IMPLEMENTATION RESULTS

Adaptability, Security System, Efficiency, and Inclusiveness

Fig.1: TOEHBCHAIN Framework.

HBCHAIN specifies blockchain components beyond
the conceptual level: the network is designed as a con-
sortium blockchain with permissioned nodes, leverag-
ing Practical Byzantine Fault Tolerance (PBFT) con-
sensus for efficiency. Security is reinforced through
RBAC, on-chain storage of distribution logs, and off-
chain storage of large media files for efficiency. A
proof-of-concept Progressive Web App (PWA) has
been developed, demonstrating offline data caching,
WhatsApp-based notifications, and student feedback
submission.

Table 10 shows the synergy between the TOEH
framework and blockchain technology through adapt-
ability capabilities that consider user readiness and
modular systems, a good level of security with RBAC
and an immutable ledger, good efficiency due to SOPs
and smart contracts, and a high level of inclusivity
due to user education.

4.5 The TOEHBCHAIN Framework Valida-
tion

The validation results found that, according to
MBG stakeholders, the TOEHBCHAIN framework
is appropriate for technical and non-technical needs.
According to blockchain practitioners, it also states
that the TOEHBCHAIN framework is technically
and applicably strong. The two statements above
are also reinforced by previous research results, which
support increased effectiveness when using a hybrid
approach between the innovation adoption framework
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and blockchain technology. Details of the validation

results are in Table 11.

Table 11: The Validation of the TOEHBCHAIN
Framework.
Validator Validation Results

The TOEHBCHAIN framework has

been designed to be comprehensive

and relevant to stakeholder needs. The
following are the results of

discussions with stakeholders that

match the results in each dimension:

1. The suitability of the needs in the
technology dimension is good
because this framework already
provides automatic reporting,
smart contracts, and a real-time
tracking system that directly
addresses the needs of digital
distribution, validation, and
auditing.

2. Suitability with the needs in the

MBG organisational dimension is good,
Program because the RBAC design and
Stakeholders Integration of government
systems (Dapodik) show that this
framework was built to meet
organisational needs.

3. The suitability to the needs in the
environmental dimension is good,
because using lightweight
technology (PWA) and offline
mode support is very suitable for
conditions where digital
infrastructure is not evenly
distributed.

4. The suitability to the needs in the
human dimension is high, because
it applies an educational approach
and inclusive design to answer the
challenge of low digital literacy.

The TOEHBCHAIN framework is

highly relevant and meets the needs of

MBG program stakeholders both

technically and organizationally, with

its strengths lying in:

1. Integration of reporting and

Blockchain distribution logic in smart
Practitioner contracts,

2. Inclusive UI/UX for users with
low digital literacy,

3. Offline mode capability and a
lightweight system,

4. Flexible RBAC for various
stakeholder roles.

The research results state that

combining the innovation adoption

framework with blockchain technology
increases the success rate of

Literature .blockchain tgchnology
implementation.

1. Blockchain adoption frameworks
facilitate the successful
implementation of blockchain
technology [19].

Validator Validation Results

2. A blockchain technology adoption
framework can significantly
improve company performance,
increasing stakeholder
transparency, trust, and security
[20].

3. Top management support,
organisational readiness, and buy-
in play a significant role in
successfully adopting blockchain
technology [21].

4. Recipient suitability evaluation is

crucial for successfully adapting

blockchain technology [22].

Literature

The results of this study align with and expand on
the results of previous research on the adoption of
blockchain technology, such as:

1.

Technological readiness, management support,
and expected performance are the main determi-
nants of blockchain adoption in the SME sector.
However, the TOEHBCHAIN framework expands
on this by including the human readiness dimen-
sion, which has not been widely explored in previ-
ous studies. [19].

. Applying the TOE framework for supply chains in

developing countries supports the success rate of
blockchain implementation. However, the TOE-
HBCHAIN framework builds further by adding a
Human dimension and developing a technical ap-
proach based on the needs of each stakeholder,
more specifically through the RBAC approach and
educative UI design [20].

. The importance of top management support and

organisational readiness for blockchain adoption,
but it does not propose a technical framework
or system architecture, and the TOEHBCHAIN
framework bridges this gap by presenting a con-
crete and integrated four-layer system design [21].
Recipient suitability evaluation is a crucial stage in

blockchain adoption, and this study operationalises
this idea through surveys and in-depth interviews
with stakeholders from various levels (students,
schools, government, vendors), making it an intense
context-based study [22].

4.6 The Limitations of the TOEHBCHAIN

Framework

Although the TOEHBCHAIN framework has

demonstrated high effectiveness in the context of the
Makan Bergizi Gratis (MBG) Program, several limi-
tations appear when the framework is applied outside
the domain of public food distribution:

1.

Social and Regulatory Context Dependency:
MBG has a similar reporting and stakeholder
structure. This framework may be less flexible
when applied to contexts with complex organisa-
tional structures or multiple independent stake-
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holders (e.g., private logistics sector, cross-border
agriculture).

2. The Minimum Digital Readiness Assumption:
TOEHBCHALIN is designed for environments with
minimum technology readiness (relying on PWA,
offline mode, etc.). In sectors or countries with
high infrastructure, this approach can be too con-
servative and not optimise the full potential of
blockchain technology.

5. CONCLUSIONS

While centralised systems may be simpler and
cheaper, they are prone to data manipulation and
limited accountability issues. Through immutability
and distributed consensus, blockchain ensures that all
transactions are transparent and auditable. This fea-
ture is particularly critical in food distribution, where
accountability lapses can directly affect public health.
Therefore, blockchain provides added value beyond
efficiency by embedding trust and resilience into the
system.

The TOEHBCHAIN framework developed in this
study successfully answered the distribution and
reporting challenges of the Makan Bergizi Gratis
(MBG) Program. The Integration between stake-
holder readiness (TOEH) and blockchain technology
capabilities (4-layer) has resulted in a system that:
1. Transparent: through smart contracts and an im-

mutable ledger.

2. Adaptive and Inclusive: through a light and edu-
cational UI.

3. Efficient: through automation of reporting and
distribution processes.

4. Secure: with RBAC implementation that is appro-
priate to stakeholder roles.

The questionnaire and interview results indicate
that all stakeholders have strong motivation and sup-
port, despite digital literacy and infrastructure chal-
lenges. The TOEHBCHAIN framework not only an-
swers current needs but can also be replicated for
other public distribution systems that require trans-
parency and multi-stakeholder participation.

Future research should explore the scalability and
adaptability of the TOEHBCHAIN framework in
other public service contexts, such as subsidy distri-
bution, healthcare logistics, or disaster relief man-
agement. Given that this study is bounded within
the Indonesian MBG program, further validation is
needed in different socio-economic and regulatory en-
vironments to test the framework’s robustness and
generalizability. Researchers may also investigate in-
tegrating emerging technologies, such as Al or IoT,
to complement blockchain in real-time quality control
and predictive analytics. Additionally, longitudinal
studies assessing the long-term impacts of blockchain
adoption on transparency, accountability, and stake-
holder engagement in public distribution systems are
highly recommended

ACKNOWLEDGEMENT

The authors thank the Ministry of Higher Educa-
tion, Science and Technology, Republic of Indonesia,
and the Directorate General of Research and Devel-
opment, Republic of Indonesia, for financially sup-
porting this research.

AUTHOR CONTRIBUTIONS

Conceptualisation, Eko Budi Susanto and Paminto
Agung Christianto; methodology, Eko Budi Susanto
and Paminto Agung Christianto; software, Bam-
bang Ismanto; validation, Eko Budi Susanto, Pam-
into Agung Christianto and Bambang Ismanto; for-
mal analysis, Eko Budi Susanto, Paminto Agung
Christianto and Riski Sulistyaningsih; investigation,
Eko Budi Susanto and Paminto Agung Christianto;
data curation, Bambang Ismanto and Riski Sulistyan-
ingsih; writing—original draft preparation, Pam-
into Agung Christianto; writing—review and edit-
ing, Eko Budi Susanto, Paminto Agung Christianto
and Riski Sulistyaningsih; visualisation, Eko Budi Su-
santo and Bambang Ismanto; supervision, Paminto
Agung Christianto; funding acquisition, Eko Budi Su-
santo. All authors have read and agreed to the pub-
lished version of the manuscript.

References

[1] D. Triloka Wulandari, N. Azizah, V. E. Rah-
mawati and H. Annuchasari, “Community-
Based Insights on Maternal Nutrition Knowl-
edge and Its Role in Preventing Stunting and
Wasting in Rural Indonesian Children,” Jour-
nal of Current Health Sciences, vol. 5, no. 3, pp.
145-154, Jul. 2025.

[2] M. Marissa et al., “Hospital Management on
Stunting Intervention for Economic Growth Ac-
celeration Toward the Golden Indonesia 2045,”
in The 2nd International Conference on FEco-
nomic Issues (ICONES 2024), vol. 1, no. 1, pp.
269-926, 2024.

[3] A. K. Salmon, A. Pérez-Prado, K. Morrison and
F. Tuspa, “Learning for WellbeingWellbeing,” in
Children’s Literature Aligned with SDGs to Pro-
mote Global Competencies: A Practical Resource
for Early Childhood Education, A. K. Salmon,
A. Pérez-Prado, K. Morrison, and F. Iuspa,
Eds., Cham: Springer Nature Switzerland, pp.
161-191, 2024.

[4] M. Wilantara, Misnan, N. Elizabeth,and A. I.
D. Febriana, “Social Construction of the Real-
ity of MSME Actors in KSBI Jakarta Regarding
President Prabowo’s Free Food Program,” Jour-
nal of Advanced Research in Social Sciences and
Humanities, vol. 10, no. 1, pp. 24-33, Mar. 2025.

[5] P. Cahyati Teguh Pancani and N. Ningsih, “A
Comprehensive Study on MBG (Makan Bergizi
Gratis) in the Prabowo-Gibran Cabinet: Eval-



TOEHBCHAIN: A Framework for Blockchain-Based Food Distribution Transparency

[11]

uating the Psychological and Health Impacts
of the Policy on Underserved Communities,”
Jurnal Ilmu Psikologi dan Kesehatan (SIKON-
TAN), vol. 3, no. 4, pp. 177186, Apr. 2025.

S. An, E. Praditya, D. Marizka, and W. Adiyoso,
“A Policy Implementation Review of the Free
Nutritious Meal (MBG) Program,” The Journal
of Indonesia Sustainable Development Planning,
vol. 6, no. 2, pp. 297-312, Aug. 2025.

A. L. Marchellia, M. K. Haq and R. Rachman,
“Evaluation of the Free Meal Policy: Solution or
Challenge in Poverty Alleviation?,” in Proceed-
ings of Annual Conference on Scientific Writing
(ACSciting) 2025, Yayasan Meira Visi Persada,
May 2025.

M. Muzammal, Q. Qu and B. Nasrulin, “Ren-
ovating blockchain with distributed databases:
An open-source system,” Future Generation
Computer Systems, vol. 90, pp. 105-117, 2019.
G. Habib, S. Sharma, S. Ibrahim, I. Ahmad, S.
Qureshi and M. Ishfaq, “Blockchain Technology:
Benefits, Challenges, Applications, and Integra-
tion of Blockchain Technology with Cloud Com-
puting,” Future Internet, vol. 14, no. 11, 2022.
P. A. Christianto and E. B. Susanto, “Applica-
tion of the TOEH Framework to Analyse Readi-
ness for Adoption of Information Technology in
Institutions in Central Java,” Computing and In-
formation Systems Journal, vol. 1, pp. 53-61,
2025, Accessed: Jun. 28, 2025. [Online]. Avail-
able: https://coins-indocompt.org/coins/
article/view/4/7

P. A. Christianto, “New TOEH+ P framework
for the adoption of smart patient management
system strategies at an IVF (in-vitro fertilisa-
tion) program provider hospital in Central Java
Province,” International Journal of Information
Technology and Business, vol. 5, no. 1, pp. 1-7,
2020.

H. Ahmadi, M. Nilashi, L. Shahmoradi and O.
Ibrahim, “Hospital Information System adop-
tion: Expert perspectives on an adoption frame-
work for Malaysian public hospitals,” Computers
in Human Behavior, vol. 67, pp. 161-189, Feb.
2017.

H. Ahmadi, M. Nilashi and O. Ibrahim, “Organ-
isational decision to adopt hospital information
system: An empirical investigation in the case
of Malaysian public hospitals,” International
Journal of Medical Informatics, vol. 84, no. 3,
pp. 166-188, Mar. 2015.

[14]

[15]

[16]

691

D. B. Olazo, “Marketing competency, marketing
innovation and sustainable competitive advan-
tage of small and medium enterprises (SMEs):
a mixed-method analysis,” Asia Pacific Journal
of Marketing and Logistics, vol. 35, no. 4, pp.
890-907, Jun. 2022.

R. Yang et al., “Current situation and future
development of the biopharmaceutical industry
in China: A mixed-method study,” Frontiers in
Pharmacology, vol. 13, p. 911165, 2022.

D. Sarpong, D. Boakye, G. Ofosu and D.
Botchie, “The three pointers of research and de-
velopment (R&D) for growth-boosting sustain-
able innovation system,” Technovation, vol. 122,
pp. 1-9, 2023.

D. L. Morgan, “Commentary - after triangula-
tion, what next?,” Journal of Mized Methods Re-
search, vol. 13, no. 1, pp. 6-11, Jan. 2019.

S. Caillaud, M. Doumergue, M. Préau, V. Haas
and N. Kalampalikis, “The past and present of
triangulation and social representations theory:
A crossed history,” Qualitative Research in Psy-
chology, vol. 16, no. 3, pp. 375-391, Jul. 2019.

S. Bag, M. S. Rahman, S. Gupta and L. C.
Wood, “Understanding and predicting the deter-
minants of blockchain technology adoption and
SMEs’ performance,” The International Jour-
nal of Logistics Management, vol. 34, no. 6, pp.
1781-1807, Dec. 2022.

V. Chittipaka, S. Kumar, U. Sivarajah, J.
L.-H. Bowden and M. M. Baral, “Blockchain
Technology for Supply Chains operating in
emerging markets: an empirical examination
of technology-organisation-environment (TOE)
framework,” Annals of Operations Research, vol.
327, no. 1, pp. 465-492, 2023.

T. Clohessy, T. Acton and N. Rogers,
“Blockchain Adoption: Technological, Organ-
isational and FEnvironmental Considerations,”
in Business Transformation through Blockchain:
Volume I, H. Treiblmaier and R. Beck, Eds.,
Cham: Springer International Publishing, pp.
47-76, 2019.

T. A. Almeshal and A. A. Alhogail, “Blockchain
for Businesses: A Scoping Review of Suitability
Evaluations Frameworks,” in IEEE Access, vol.
9, pp. 155425-155442, 2021



ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.19, NO.4 October 2025

Eko Budi Susanto M.Kom., is a re-
searcher at the Widya Pratama Insti-
tute in Pekalongan, Central Java, In-
donesia. His research interests in-
clude data mining, software engineer-
ing, and machine learning. Further
information regarding his publications
can be found at: https://orcid.org/
0000-0002-5304-0693,
https://scholar.google.com/citatio-
ns?user=1gLJQoIAAAAJ&h1=id

Paminto Agung Christianto (OR-
CID: 0000-0002-4518-7433) is a re-
searcher at Widya Pratama Institute,
Pekalongan, Indonesia. His research
interests include intelligent systems,
healthcare informatics, and technology
adoption, with notable contributions
such as the TOEH+P framework and
hybrid Case-Based Reasoning models to
support IVF patient care. He has also
published works on e-labeling, sentiment

analysis, GIS applications, and smart dashboards.

Bambang Ismanto (ORCID: 0000-
0003-1653-3373) is a researcher at the
Widya Pratama Institute in Pekalongan,
Indonesia. His research focuses on the
use of information systems in various
fields, including health, education, and
economics.

Riski Sulistiyaningsih is a researcher
at the Widya Pratama Institute in Peka-
longan, Central Java. Her research in-
terests include the application of English
teaching methods, English learning me-
dia, and linguistic studies, particularly
regarding the use of English in teach-
ing, both general English and English
for Specific Purposes (ESP).





