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INTRODUCTION

The advent of digital payment platforms has fundamentally reshaped the landscape of global
financial transactions, offering unparalleled convenience, velocity, and accessibility. This technological
evolution holds particular significance for Micro, Small, and Medium Enterprises (MSMEs), which often
contend with substantial impediments within conventional financial systems, such as prohibitive
transaction fees and constrained access to secure payment infrastructures. However, the fragmented
nature of the digital payment landscape frequently engenders interoperability challenges, culminating
in elevated costs and operational inefficiencies for these enterprises (Arner et al., 2025). This lack of
interoperability impedes the fluid execution of transactions, thereby constraining the potential
economic gains that MSMEs could otherwise achieve in an increasingly digitized economy. This issue
presents significant theoretical and practical ramifications for financial inclusion, economic expansion,
and the developmental trajectory of emerging markets like Indonesia.

In the rapidly evolving landscape of digital finance, interoperability among payment platforms
has emerged as a critical factor in enhancing economic efficiency, particularly for micro, small, and
medium enterprises (MSMEs). The Quick Response Code Indonesian Standard (QRIS), introduced by
Bank Indonesia in 2019, represents a unified digital payment ecosystem that allows seamless
transactions across various platforms, such as mobile wallets and e-commerce apps (Bank Indonesia,
2023, p. 12). This interoperability aims to reduce fragmentation in payment systems, which has
historically hindered MSMEs' access to efficient financial services. However, while QRIS has been lauded
for its potential to streamline transactions, empirical evidence on its impact on transaction costs for
MSMEs remains limited, necessitating further investigation.

A growing body of literature underscores the pivotal function of interoperability in digital
payment ecosystems, particularly in advancing financial inclusion and mitigating transaction costs for
MSMEs. The establishment of a standardized framework, exemplified by Indonesia’s Quick Response
Code Indonesian Standard (QRIS), presents a viable solution to harmonize divergent digital payment
methods, thereby streamlining payment processes and diminishing associated expenses (Bank
Indonesia, 2025). For instance, research by Klassen and Kukkamalla (2022) posits that interoperability
bolsters the network externalities crucial for a platform's long-term viability and inclusiveness, which
consequently lowers both direct and indirect transaction costs for MSMEs. Furthermore, Suryavanshi
and Singh (2025) provide empirical evidence that digital financial inclusion, substantially driven by
interoperable technologies, catalyzes MSME growth by alleviating financial frictions. Despite these
contributions, a notable scarcity persists in comprehensive studies that empirically assess the precise
impact of QRIS interoperability on transaction costs across the diverse sectors of Indonesia's MSME
landscape. The adoption of a single standard like QRIS promises to overcome this friction by allowing
one code to accept payments from multiple providers, drastically simplifying the collection and
reconciliation process.

A discernible discrepancy exists between the espoused theoretical advantages of interoperable
digital payment platforms and their empirically verified effects on MSME transaction costs in applied
contexts. To bridge this gap, this study adopts the Transaction Cost Economics (TCE) framework,
positing that interoperability, as embodied by QRIS, acts as an institutional mechanism to reduce market
uncertainty and asset specificity in payment collection, thereby lowering both search costs and
negotiation/monitoring costs for MSMEs. Furthermore, the analysis will integrate aspects of the
Technology Acceptance Model (TAM) to investigate how factors like perceived ease of use a direct
benefit of QRIS's unified standard mediate the relationship between adoption and actual cost savings.
Existing scholarship frequently neglects the complex challenges MSMEs encounter during the adoption
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phase, such as variances in technological proficiency and infrastructural limitations (Venkatesh & Bala,
2020), which can temper the expected advantages. This lacuna underscores the necessity for a
meticulous investigation that synthesizes empirical data with these specific theoretical frameworks to
comprehensively evaluate how QRIS interoperability reconfigures the cost structures of MSMEs.

Consequently, the primary objective of this research is to examine the influence of digital
payment platform interoperability, with a specific focus on QRIS, on the transaction costs incurred by
MSMEs in Indonesia. The inquiry is guided by research questions centered on the quantification of
transaction cost savings attributable to QRIS and an exploration of the mechanisms facilitating these
financial benefits within the broader context of MSME digitalization. The originality of this investigation
is rooted in its integrative methodology and specific Analytical Model. This study will test hypotheses
derived from Transaction Cost Economics (TCE) using a multiple regression approach (or other specific
quantitative method) to empirically measure the correlation between QRIS adoption and the reduction
in transaction costs, while controlling for adoption factors identified by TAM (e.g., perceived ease of use).
Ultimately, this study aims to furnish actionable recommendations for policymakers, financial
institutions, and technology innovators dedicated to fostering MSME development through the
enhancement of digital infrastructure and supportive regulatory frameworks. This research will bridge
the theoretical-empirical gap by providing solid evidence of how a successful payment standardization
policy can be a concrete catalyst for MSME cost efficiency and financial inclusion.

METHODS
1. Research Design and Sample

This investigation employs a quantitative research design specifically tailored to empirically
quantify the relationship between digital payment platform interoperability, focusing on Indonesia's
Quick Response Code Indonesian Standard (QRIS), and the transaction costs incurred by Micro, Small,
and Medium Enterprises (MSMEs). This quantitative methodology facilitates rigorous hypothesis
testing through established statistical techniques, allowing for the precise measurement of correlations
and causal effects among key variables, including interoperability metrics, operational efficiency, and
cost reduction indicators (Arner et al., 2025).

The primary hypothesis guiding this research is: H1: The interoperability of digital payment
platforms (QRIS adoption) has a significant negative effect on the total transaction costs incurred by
MSMEs in Indonesia.

The study’s target demographic encompasses Indonesian MSMEs that actively utilized QRIS
between its launch in 2019 and mid-2025. According to official figures released by Bank Indonesia
(2025), the total number of QRIS-registered merchants reached approximately 39.3 million by July
2025, with MSMEs constituting over 91% of this expansive user base. The scope of the study covers a
spectrum of economic activities, including retail, services, manufacturing, and agriculture, across both
urban and rural settings. MSME classification adheres strictly to Indonesian governmental criteria:
micro (fewer than 10 employees), small (10-49 employees), and medium (50-249 employees).

To ensure the representativeness and statistical validity of the results, a stratified random
sampling technique was executed. This process involved selecting approximately 1,200 MSMEs to
participate in the primary survey. This stratification was essential to guarantee adequate coverage
across three key dimensions: geographical region, economic sector, and official business size
classification.
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2. Variable Measurement and Instrument
The study utilizes both secondary and primary data to measure key variables based on the
theoretical frameworks of Transaction Cost Economics (TCE) and the Technology Acceptance Model
(TAM) (Venkatesh & Bala, 2020).
a. Secondary Data Acquisition
Official, publicly accessible reports from key financial regulators Bank Indonesia (BI) and the
National Payment Corporation of Indonesia (NPCI) served as the source for secondary data (January
2019 through June 2025). The datasets procured included:
1) Adoption Metrics: Merchant registration and overall QRIS adoption rates, segmented by MSME
size and regional distribution.
2) Transaction Performance: Comprehensive statistics on transaction volumes, values, the
Merchant Discount Rate (MDR), and transaction processing times.
3) Interoperability Indicators: Performance metrics such as cross-platform transaction success
rates and the utilization of multi-channel payment options.

b. Primary Data Collection
Structured surveys were administered to the selected sample of MSMEs to collect primary data,
focusing on subjective and objective measures:
1) Cost Analysis: Assessment of both perceived and actual transaction costs experienced by MSMEs
pre- and post-QRIS implementation.
2) Operational Impact: Quantification of the effect of interoperability on day-to-day business
efficiency, specifically measuring reductions in transaction duration and error frequency.
3) Adoption Barriers: Identification of challenges faced during the integration phase, such as digital
literacy gaps and infrastructure deficiencies.
4) User Satisfaction: Evaluation of user experience, satisfaction levels, and trust concerning QRIS
usability and cross-platform compatibility.
The survey instrument's design drew upon established theoretical frameworks. Prior to full
deployment, the questionnaire underwent a pilot test involving 50 MSMEs, achieving a high Cronbach'’s
alpha reliability coefficient of 0.87.

3. Data Collection Procedure

The survey distribution was managed to ensure proportional representation across the
established strata. Targeted follow-ups were implemented to optimize the completion rate, which
ultimately yielded an 82% response rate. Strict adherence to anonymity and confidentiality protocols
was guaranteed for all participants.

Data collection utilized a hybrid method: online digital questionnaires were supplemented with
face-to-face interviews to maximize participation, particularly in areas with poor internet connectivity.
The designated primary data collection window was March to May 2025.

Table 1. Research Instruments and Analytical Tools

lnstrument/Tool” Description

Survey Employed primarily closed-ended questions and standardized Likert scale items
Instrument  [|(1-5) to effectively quantify user perceptions and specific digital adoption metrics.

Data management and statistical analyses were performed using IBM SPSS Statistics

Soft
ottware version 29 and R Statistical Software version 4.2.1.
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lnstrument/Tool“ Description |
Multiple Linear Regression was used to establish the direct influence of
interoperability variables on transaction cost metrics, while controlling for
Statistical confounders (e.g., MSME size and sector). Structural Equation Modeling (SEM) was
Models applied to test more complex, hypothesized relationships and mediation effects
specifically how operational efficiency and trust influence cost reduction using
satisfactory goodness-of-fit indices (CFI > 0.95, RMSEA < 0.06).
Table 2. Key Variables and Measurement Scales
M t
Variable Definition easuremen
Scale
. A composite index reflecting cross-platform compatibility and|| 0-1 Continuous
Interoperability .
successful transaction rate. Scale
) The aggregate of total financial fees and time costs incurred _
Transaction Costs Numeric

per transaction (in IDR).

conducted by the MSME.

Operational The quantified percentage reduction in transaction
- o e Percentage (%)
Efficiency processing time and incidence of errors.
The average monthly frequency of QRIS transactions
Adoption Rate & y d y Q Numeric

Trust Level

User confidence in the QRIS system, measured by a
standardized self-assessment.

Likert Scale (1-5)

4. Data Analysis Steps

The analysis followed four systematic steps:

1. Preliminary Data Handling: The initial phase focused on data cleaning to address missing or
inconsistent survey responses, utilizing standard imputation techniques where appropriate.
Outliers were identified and managed according to established statistical procedures.

2. Descriptive Analysis: This step generated profiles of the responding MSMEs based on size,
sector, geographical location, and QRIS adoption characteristics.

3. Inferential Statistics (Multiple Linear Regression): Regression analyses were deployed to
quantitatively evaluate the direct impact of interoperability metrics on the various components
of transaction costs. Enterprise size and sectoral classification were consistently used as

controlled variables.

Structural Equation Modeling (SEM): The SEM approach was used to test the full theoretical

model, assessing the mediation effects of variables like operational efficiency and user trust in
their role in translating interoperability into reduced transaction costs.

5. Data Availability Statement

The secondary data utilized in this research are publicly accessible and can be obtained from the
official online repositories of Bank Indonesia (https://www.bi.go.id) and the NPCI. The primary survey
data and the analytical codes developed and generated throughout this research will be made available
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to other researchers upon a reasonable request, provided that all stipulated respondent confidentiality
and data protection norms are strictly maintained.

RESULTS
1. Impact of QRIS Unification on MSME Transaction Costs and Digitalization

The empirical findings of this study demonstrate that the interoperability provided by the Quick
Response Code Indonesian Standard (QRIS) has resulted in substantial mitigation of both direct and
indirect transaction costs for Micro, Small, and Medium Enterprises (MSMEs). Specifically, the study
confirms the primary hypothesis ( H; ), which posits a negative relationship between QRIS
interoperability and transaction costs. MSMEs utilizing the unified QRIS platform experienced cost
reductions within the range of 3% to 5% when benchmarked against those relying on legacy, non-
interoperable payment solutions. This quantitative reduction encompasses tangible financial benefits,
such as reduced fee expenditures, alongside improved process efficiency, including faster reconciliation
times and a measurable decrease in expenses related to error handling (Suryavanshi & Singh, 2025).

The adoption of the standardized QRIS framework is strongly associated with a major surge in
digital transaction volume across the MSME sector. Data from Bank Indonesia (2025) confirms this
accelerating shift, reporting that QRIS transaction volume escalated dramatically to 6.1 billion
transactions by mid-2025, representing an approximate total value of Rp579 trillion. This significant
uptake across Indonesia, further illustrated in Figure 1, highlights the platform's success in facilitating
a swift transition from traditional cash-based transactions to digital payment networks, a
transformation fundamentally enabled by the unified interoperable design.

Furthermore, QRIS interoperability was found to positively influence the velocity of cash flow
and expand the market reach of participating MSMEs. By integrating and streamlining payment
collection processes, the unified system allows businesses to receive and reinvest funds more quickly,
enabling access to a wider potential customer base. These effects are consistent with theoretical
propositions by Klassen and Kukkamalla (2022), who emphasize that foundational interoperability is
key to bolstering operational efficiencies and promoting greater market integration within a
standardized payment ecosystem.

Growth of QRIS Transactions and Merchant Registrations,

2019-2025

6 38

5 36
5 g
E 4 38 %
2 =
o 3 30 ¢
L)
=

2 20

0
2019 2020 2021 2022 2023 2024 Mid 2025
- Transaksi QRIS (miliar) - Merchant (juta)

Source: Bank Indonesia, 2025

Figure 1. Growth of QRIS Transactions and Merchant Registrations, 2019-2025
(Source: Bank Indonesia, 2025)

PANGGALEH Page 16


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International license
Perspectives on Advanced New Generations of Global and Local Economic Horizons (Panggaleh)
Vol. 01, No. 3, November 2025

Distribution of QRIS Adoption Among
MSME Sectors, 2025
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Source: Survey Data, 2025

Figure 2. Distribution of QRIS Adoption Among MSME Sectors, 2025
These panels depict sectoral adoption rates, with retail and service sectors exhibiting the highest
levels of QRIS usage.

2. Statistical and Analytical Validation
a. Hypothesis Testing and Regression Results

The study was guided by the following key hypotheses based on the Transaction Cost Economics
(TCE) framework:

1) H1 (Direct Effect): Interoperability (INT) has a significant negative effect on Transaction Costs

(TC).

2) H2 (Mediation Effect): Operational Efficiency (OE) and User Trust (TR) mediate the relationship
between Interoperability (INT) and Transaction Costs (TC).

Regression analyses confirmed a robust, statistically significant relationship between QRIS
interoperability indicators (such as high cross-bank success rates and broad platform compatibility)
and the observed decline in MSME transaction costs. The statistical output showed the regression
coefficient (f5;) for interoperability’s effect on cost reduction to be highly significant (p < .01). The
analysis indicated an estimated 4.1% average cost reduction attributed to interoperability across the
sampled MSMEs.

b. Structural Equation Modeling (SEM) and Validation

Moreover, Structural Equation Modeling (SEM) results established that both operational
efficiency and user trust function as crucial mediating variables in the pathway linking interoperability
to transaction cost reduction, providing strong support for H,. The structural model achieved
satisfactory goodness-of-fit indices (CFI > 0.95, RMSEA < 0.06), indicating that the hypothesized model
structure accurately represents the observed covariance among variables.

Prior to structural analysis, the measurement model was validated. All latent constructs
demonstrated high internal consistency, with composite reliability (CR) values exceeding the 0.70
threshold, and adequate convergent validity, with average variance extracted (AVE) values above 0.50.
These findings strengthen the reliability and validity of the constructs used in quantifying
interoperability, transaction costs, efficiency, and trust.
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3. Formatting of Mathematical Components

The structural relationship between interoperability and transaction costs, including the
mediation effects tested by SEM, was empirically defined using the following equations:

Direct Effect of Interoperability on Transaction Costs (TC):

OE = yo+ v1 X INT +€" (2)

Where:
TC = Transaction Costs
INT = Interoperability Index
OE = Operational Efficiency
TR = Trust Level
B,y = Estimated regression coefficients
€,€ = Residual errors

Key statistical test outcomes included: a highly significant t-statistic for f1 of t(1180)=-5.327
(p<.001), which clearly confirms a strong negative correlation between the degree of interoperability
and transaction costs. The influence was further quantified using Cohen’s d, which yielded a value of
d=0.55, demonstrating moderate practical significance and affirming that the observed influence is
meaningful within real-world business environments.

Table 3: Effects of Interoperability on Transaction Costs and Operational Efficiency
(Comparative Data)

Measure Interoperability Non-interoperability %
Users Users Difference
| Average Transaction Cost (IDR) || 12,500 || 13,000 || -3.8% |
Average Transaction Time 15 19 21.1%
(seconds) S
| Operational Efficiency Score (1-5) || 4.3 || 3.7 || +16.2% |

DISCUSSION

The empirical findings derived from this study align closely with established theoretical models
of technology acceptance, most notably the Technology Acceptance Model (TAM). The TAM theorizes
that perceived ease of use and perceived security are pivotal determinants of technology adoption
(Venkatesh & Bala, 2020). The implementation of QRIS interoperability demonstrably strengthens these
perceptions among Micro, Small, and Medium Enterprises (MSMEs) by ensuring transactions are both
seamless and secure across diverse payment platforms, thereby cultivating broader MSME participation
in the digital economy. Consistent with existing financial literature, interoperability fundamentally
reduces friction and significantly elevates the value proposition offered to users, which is essential for
achieving and maintaining sustained adoption rates (IMF, 2025).

From a macroeconomic and regulatory perspective, the results strongly underscore the need for
sustained and robust regulatory frameworks to further solidify interoperability within Indonesia’s
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digital payment landscape, particularly as it pertains to MSME inclusion. Academic consensus highlights
that well-designed, adaptive fintech regulations, when coupled with appropriate government
incentives, are key drivers for both accelerated adoption and market innovation. Conversely, poorly
coordinated regulatory environments carry the inherent risk of fragmenting the payment ecosystem
(Febriyani, 2024; Maulana, 2022). Therefore, achieving a balanced regulatory approach is indispensable
to fully materialize the benefits of interoperability for enhancing MSMEs' financial inclusion and
operational performance.

However, the effective implementation and universal benefits of interoperability cannot be
discussed without acknowledging persistent technical and infrastructural impediments. Deficiencies in
Information and Communication Technology (ICT) infrastructure, particularly prevalent in Indonesia’s
more remote and rural regions, severely restrict the potential reach of digital payment services. This
infrastructural gap inevitably limits the capacity of geographically isolated MSMEs to fully capitalize on
interoperable platforms (Permana, 2025). Furthermore, digital literacy remains a significant hurdle,
with clear disparities persisting between urban and rural MSME owners. These differences directly
impact user trust in the system and the intensity of QRIS usage (Waliyuddin, 2023). Addressing these
bottlenecks necessitates focused targeted training programs and strategic infrastructure investment
(Prawitasari, 2024).

The study also echoes investment challenges frequently cited in other emerging economies. The
initial onboarding costs associated with adopting digital payment systems including expenditures on
necessary hardware and the costs of operational restructuring can act as a strong deterrent for smaller
MSMEs, preventing their adoption despite clear long-term advantages (MicroSave, 2021; Emerging
Payments Asia, 2023). Crucially, the trust factor encompassing concerns related to data privacy and
fraud risk is a fundamental determinant of sustained adoption that public policymakers must
proactively and continuously address (Bianchi, 2023).

For subsequent academic endeavors, future research should encompass longitudinal studies
aimed at comprehensively assessing the protracted effects of interoperability on MSME business
expansion and overall regional economic growth. Additionally, the field would benefit from
experimental designs to rigorously test specific policy interventions designed to effectively mitigate the
existing digital divide and cultivate stronger, ecosystem-wide connectivity.

In synthesis, these insights confirm that while the QRIS interoperability standard offers
profound economic advantages, its ultimate success and equitable impact are contingent upon the
execution of holistic strategies that concurrently tackle the multifaceted technological, regulatory, and
educational dimensions within Indonesia’s rapidly evolving digital finance sector.

CONCLUSIONS

The evidence gathered in this study decisively supports the conclusion that the Quick Response
Code Indonesian Standard (QRIS), functioning as an interoperable digital payment system, significantly
contributes to two major national economic objectives: reducing transaction costs and accelerating the
digitalization of Micro, Small, and Medium Enterprises (MSMEs) across Indonesia. These empirical
findings directly validate the primary hypothesis. The study quantitatively established that MSMEs
using QRIS experienced an average reduction in transaction costs ranging from 3% to 5%. Furthermore,
Structural Equation Modeling confirmed that this reduction is significantly mediated by improved
operational efficiency and enhanced user trust, aligning perfectly with the theoretical underpinnings of
Transaction Cost Economics and the Technology Acceptance Model (Venkatesh & Bala, 2020).
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This research strongly emphasizes that the continuous strengthening of interoperability within
the digital payment ecosystem is a prerequisite for advancing MSME financial inclusion and cultivating
more equitable economic growth throughout the nation. The findings underscore that while QRIS
provides profound advantages, its ultimate success is contingent upon addressing existing bottlenecks
identified in the discussion, particularly the persistent digital divide and infrastructural deficits in
remote regions (Permana, 2025).

To fully harness the transformative power of standardized payment platforms like QRIS, future
developmental efforts must be strategically focused on several key policy areas:

1. Regulatory Adaptation: Establishing more robust, adaptive, and balanced regulatory
frameworks to preempt fragmentation and solidify the principles of interoperability (Febriyani,
2024).

2. Infrastructural Investment: Significantly expanding Information and Communication
Technology (ICT) infrastructure, especially in rural areas, to ensure universal access and
utilization capacity.

3. Targeted Digital Literacy: Implementing more intensive, targeted digital literacy programs to
bridge the proficiency gap, enhance user trust, and maximize platform adoption and benefit
realization (Prawitasari, 2024).

Looking forward, prospective research should concentrate on executing longitudinal
assessments to quantify the sustained, long-term impact of interoperability on both MSME
competitiveness and broader regional economic development. Additionally, experimental designs are
vital for rigorously testing specific policy interventions designed to effectively mitigate technological
barriers and resolve the entrenched digital divide.

In summation, this conclusion synthesizes the study’s core empirical achievements, providing
clear, actionable directions that are directly relevant to Indonesia's national economic objectives and
ongoing digital transformation mandates, confirming that policy interventions beyond standardization
are essential for equitable digital financial inclusion.
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