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management of technological resources. However, Bank XYZ
has not yet conducted a comprehensive assessment of the
contribution of its technological components in supporting
digital lending operations. This study aims to measure the
contribution of technology and identify strategic priorities for
technology development in digital lending services at Bank
XYZ. A technometric approach was employed by integrating
the Technology Contribution Coefficient (TCC) and Analytical
Hierarchy Process (AHP). Data were collected from
employees directly involved in digital lending activities and
from expert respondents selected based on their experience
and involvement in technology management. The analysis
focused on four technology components: Technoware,
Humanware, Infoware, and Orgaware (THIO). The results
show that Technoware has the highest technology contribution
(TCC = 0.6931), followed by Orgaware (0.6904), Humanware
(0.6794), and Infoware (0.6750). However, AHP results
indicate that Humanware is the most strategically important
component with a priority weight of 0.388, revealing a gap
between actual technology contribution and strategic
importance. Furthermore, the State-of-the-Art (SOTA)
assessment indicates that Humanware has the lowest maturity
level (0.6567), while Infoware requires further enhancement,
particularly in analytical capabilities such as scoring engine
systems. These findings contribute to the development of an
integrated framework for evaluating technology contributions
in digital lending and provide practical recommendations for
Keywords: Fintech, Digital Pprioritizing human resource development and information
Lending, Technometric, TCC, management to support sustainable digital transformation in
AHP the banking sector.

BACKGROUND
The rapid development of financial technology (fintech) has accelerated digital
transformation in the banking industry, particularly in digital lending services (Sulthan, 2026).
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Digital transformation encourages banks to provide faster, more flexible, and technology-
driven financial services through mobile applications, automated verification systems, and
data analytics integration (Ms. Ekta, 2025). The increasing adoption of digital financial
services has also changed customer behavior, where banking services are now expected to be
accessible without physical interaction and supported by real-time processing capabilities
(Nana Dwemoh Benneh, 2025). This transformation has intensified competition between
conventional banks and fintech companies, forcing banks to strengthen their technological
capabilities in order to maintain competitiveness in the digital financial ecosystem (Rajan,
2025).

The increasing role of fintech is reflected in the rapid growth of digital lending services
in Indonesia. According to the Financial Services Authority (OJK), the outstanding value of
fintech peer-to-peer lending reached IDR 80.07 trillion in February 2025, increasing by
31.06% compared to the previous year. In addition, the number of licensed fintech lending
providers in Indonesia reached 97 companies in 2025, indicating the continued expansion of
digital financial services in the national banking ecosystem. The growth of digital lending
indicates that technology-based lending services have become an important instrument for
expanding financial inclusion and accelerating access to financial services. However, the
rapid growth of digital lending also increases the need for banks to ensure that technology
investments can support operational effectiveness, service quality, and risk management in a
sustainable manner.

As one of the state-owned banks in Indonesia, Bank XYZ has actively implemented
digital transformation strategies to respond to fintech disruption (Rajan, 2025). Digital
transformation at Bank XYZ is reflected through the development of mobile-based digital
lending services supported by big data analytics, scoring engines, and cybersecurity
infrastructure (Pramudito et al., 2025; Pamisetty, 2025). The implementation of these
technologies enables the credit application and disbursement process to be completed in less
than ten minutes without face-to-face interaction (Serfes et al., 2025). The increasing
dependence on digital technology has encouraged Bank XYZ to continuously invest in
technological infrastructure to maintain service efficiency and competitive advantage .
Nevertheless, the increasing investment in technology has not been accompanied by a
comprehensive evaluation regarding the contribution of each technological component to the
effectiveness of digital lending services (Prawira et al., 2025).

Previous studies mainly focused on the relationship between fintech adoption and
banking profitability, customer behavior, or financial performance (Nana Dwemoh Benneh,
2025). Studies conducted by several study generally concluded that fintech adoption
positively affects banking performance and innovation (Shaukat et al., 2025). However,
previous studies still tend to evaluate fintech from a general perspective without identifying
the contribution of internal technological components in supporting digital lending
effectiveness (Adamek & Solarz, 2023). As a result, limited studies comprehensively evaluate
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the contribution of Technoware, Humanware, Infoware, and Orgaware (THIO) in banking
digital transformation using a technometric approach integrated with strategic decision-
making methods (Lee & Megargel, 2021).

Based on these conditions, this study aims to measure the contribution of technology
components in Bank XYZ’s digital lending services using the Technology Contribution
Coefficient (TCC) through a technometric approach. This study also applies the Analytical
Hierarchy Process (AHP) to determine the strategic priority of each technology component
based on expert judgment. Through the integration of technometric and AHP approaches, this
study is expected to provide a comprehensive evaluation framework for identifying strategic
technology priorities and supporting sustainable digital transformation in the banking
industry.

METHODOLOGY
Research Design
This study employed a quantitative descriptive approach to evaluate the contribution of

technology components in digital lending services at Bank XYZ. The study focused on the
implementation of fintech-based digital lending as part of the bank’s digital transformation
strategy. The research adopted the technometric approach to assess the contribution of four
technology components, namely Technoware, Humanware, Infoware, and Orgaware (THIO).
Through this approach, the study aimed to identify the level of technological contribution and
determine which components play the most strategic role in supporting digital lending
effectiveness. In addition, the Analytical Hierarchy Process (AHP) was applied to determine
the priority weight of each technology component based on expert judgment.

The research process consisted of several stages, including technology component
identification, State of The Art (SOTA) assessment, technology contribution calculation, AHP
weighting analysis, and Technology Contribution Coefficient (TCC) evaluation. The
integration of technometric and AHP approaches enabled the study to provide a
comprehensive assessment of technology contribution from both technological and
managerial perspectives. This research design was selected because it allows organizations to
evaluate technology not only from infrastructure capability, but also from the integration of
human resources, information systems, and organizational support in digital transformation
initiatives.
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1. Digital Lending Services
Digital lending platform and operations
at Bank XYZ

!

2. Technology Components (THIO)
Technoware

Humanware
Infoware
Orgaware

!

3. SOTA Assessment

Evaluate the maturity level of each
THIO component using State of The Art approach

!

4. Technology Contribution Analysis (Ti)

Calculate the contribution value (Ti)
of each THIO component

!

5. Technology Contribution Coefficient (TCC)
Compute the overall Technology Contribution
Coefficient based on Ti values

!

6. AHP Weighting
Expert judgment using Analytical Hierarchy Process
to determine priority weights of THIO components

!

7. Strategic Technology Prioritization
Combine TCC results and AHP weights to identify
the most strategic THIO components

!

8. Digital Lending Transformation Recommendations

Provide strategic recommendations for technology
investment and improvement

Figure 2. Research Framework of Technometric and AHP Approach in Digital
Lending Assessment

Data Collection
Data collection in this study was conducted at Bank XYZ by focusing on the

implementation of digital lending services. The study used primary and secondary data
sources to obtain comprehensive information regarding the contribution of technology
components in digital transformation initiatives. Primary data were collected through
interviews, observations, and questionnaires distributed to experts and internal stakeholders
involved in digital lending operations, including IT developers, system analysts, operational
staff, and digital banking management. The questionnaire assessment was designed based on
the Technoware, Humanware, Infoware, and Orgaware (THIO) framework to evaluate the
level of technological sophistication and contribution within the digital lending system.
Table 1. Technology Components and Assessment Indicators Based on THIO Framework

Component Assessment Focus
Technoware Digital infrastructure and applications
Humanware Human competencies and expertise
Infoware Information systems and data integration
Orgaware Organizational support and governance
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The collected data were subsequently used for State of The Art (SOTA) assessment,
technology contribution calculation, and Analytical Hierarchy Process (AHP) weighting
analysis. Secondary data were obtained from internal company reports, digital lending
operational documents, fintech statistics, and previous studies related to digital transformation
and technology assessment. The integration of interviews, expert judgment, and
documentation analysis enabled this study to generate both quantitative and qualitative
evaluations regarding the effectiveness of technology implementation in Bank XYZ’s digital
lending services. This data collection process also ensured that the technology assessment
reflected actual organizational conditions and strategic priorities within the banking digital
transformation environment.

Data Collection
at Bank XYZ (Digital Lending Services)

Primary Data Secondary Data
Collected through: Obtained from:
o Interviews  Internal company reports
* Observation « Digital lending operational
* Questionnaires documents
« Fintech statistics
l  Previous studies

Respondents / Informants
¢ IT Developers
* System Analysts
* Operational Staff
« Digital Banking Management

|

THIO A (Questi ire)
Based on THIO Framework:

¢ Technoware

* Humanware

* Infoware

¢ Orgaware

Integrated Dataset
Combination of primary and secondary data
for comprehensive assessment

v

Technometric Analysis
(State of The Art & Technology Contribution)
¢ SOTA Assessment
« Technology Contribution Coefficient (TCC)

v

AHP Analysis
Expert judgment and weighting
to determine priority of THIO components

v

Assessment Results
Contribution level and strategic priorities
for digital lending transformation

. ‘

Figure 3. Data Collection Process for Technometric and AHP Assessment
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Technometric and AHP Analysis
The technometric analysis in this study was conducted to measure the contribution of

technology components in Bank XYZ’s digital lending services. The analysis began with the
identification of four technology components, namely Technoware, Humanware, Infoware,
and Orgaware (THIO). Each component was evaluated using the State of The Art (SOTA)
approach to determine the level of technological sophistication and maturity within the digital
lending system. The SOTA assessment results were subsequently used to calculate the
contribution value of each technology component. Furthermore, the contribution values were
integrated into the Technology Contribution Coefficient (TCC) model to determine the
overall technology contribution in supporting digital lending transformation.

After obtaining the contribution values of each technology component, the Analytical
Hierarchy Process (AHP) was applied to determine the strategic priority weight of each
component based on expert judgment. The AHP analysis was conducted through pairwise
comparison between technology components to identify which components have the most
dominant role in supporting digital lending effectiveness. The consistency of expert
judgments was evaluated using the Consistency Ratio (CR) to ensure the reliability of the
weighting results. The integration of technometric and AHP approaches enabled this study to
evaluate technology contribution not only from the perspective of technological capability,
but also from the strategic importance of each technology component in supporting
sustainable digital transformation at Bank XYZ.

THIO Components

SOTA Assessment
Evaluate the maturity level of each
THIO component using State of The Art approach
Contribution Value (Ti)
Calculate the contribution value (Ti)
for each THIO component
TCC Calculation
Compute the overall Technology
Contribution Coefficient (TCC)
Expert Judgment Pairwise Comparison
Colioct jedgments Jom cxperts Construct pairwise comparison matrix
regarding the importance of smoia THIO cospondot
THIO components . i

AHP Weighting

Calculate priority weights of THIO
components using AHP

i

Strategic Technology Prioritization
Combine TCC results and AHP weights
to determine strategic priority of
technology components

!

Digital Lending Transformation
Recommendations

Provide recommendations for technology
development and investment priorities

Figure 4. Technometric and AHP Analysis Framework
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Table 2. Technometric and AHP Analysis Variables

Analysis Stage Output

SOTA Assessment Technology sophistication level
Contribution Analysis (Ti) Contribution value of THIO components
AHP Weighting Strategic priority weight

TCC Calculation Overall technology contribution

RESULT AND DISCUSSION
The State of The Art (SOTA) assessment was conducted to evaluate the level of

technological sophistication and maturity of the THIO components in Bank XYZ’s digital
lending services. The assessment covered Technoware, Humanware, Infoware, and Orgaware
as the main components supporting digital transformation within the organization. The SOTA
analysis showed that all THIO components were categorized at a relatively high level of
technological maturity, indicating that Bank XYZ has implemented digital lending technology
with adequate technological readiness. The Technoware component achieved the highest
average SOTA value due to the integration of mobile applications, web-based lending
systems, core banking systems, and cybersecurity infrastructure that support fast and
automated lending processes.

Although the overall SOTA values indicate a high category of technological maturity,
several differences were identified among the THIO components. Humanware recorded the
lowest SOTA value compared to other components, indicating that human resource capability
and digital competency development still require improvement to support sustainable digital
transformation. In addition, the scoring engine within the Technoware component also
demonstrated relatively lower sophistication compared to other digital infrastructures,
suggesting the need for further optimization in analytical capability and automated risk
assessment systems. These findings indicate that digital lending effectiveness is influenced
not only by technological infrastructure, but also by the integration of human capability,
information systems, and organizational support in managing technology-based financial
services.

Table 3. State of The Art (SOTA) Assessment Results of THIO Components
Component SOTA Value
Technoware  0.6971
Humanware  0.6567

Infoware 0.6776
Orgaware 0.7063

Technology Contribution Analysis
The technology contribution analysis was conducted to measure the contribution level

of each THIO component in supporting the effectiveness of digital lending services at Bank
XYZ. The contribution value of each technology component was calculated using the
technometric approach by integrating the State of The Art (SOTA) value with the lower and
upper sophistication limits of each component. The analysis results showed that Technoware

Assessment of Technology Contribution in Digital Lending... — 3390
Satya Dinar Probo Agung et al.



JURNAL ECONOMINA 5 (7) 2026 doi.org/10.55681/economina.v5i7.3045

achieved the highest contribution value among all THIO components. This finding indicates
that digital infrastructure, including mobile lending applications, web applications, core
banking systems, scoring engines, and cybersecurity infrastructure, plays a dominant role in
supporting the operational performance of digital lending services.

Although Technoware demonstrated the highest contribution value, the contribution
values of Humanware, Infoware, and Orgaware were also categorized at relatively high levels.
The Humanware component reflects the importance of digital competencies and human
resource capabilities in managing technology-based financial services. Meanwhile, Infoware
represents the role of information systems, customer data integration, and analytical
processing in supporting decision-making within digital lending operations. Orgaware also
demonstrated a significant contribution, indicating that organizational support, governance
structures, and digital transformation strategies are important factors in maintaining
technology integration effectiveness. These findings suggest that the success of digital lending
transformation is not solely determined by technological infrastructure, but also by the
integration of human capability, information systems, and organizational support.

Table 4. Technology Contribution Values of THIO Components
Component  Contribution Value
Technoware  0.6931
Humanware  0.6794

Infoware 0.6750
Orgaware 0.6904

Table 5. Technology Contribution Values of Technoware Subcomponents
Technoware Subcomponent Contribution Value
Mobile Application Digital Lending  0.7188
Web Application Digital Lending 0.6996

Core Banking System 0.6990
Scoring Engine 0.6571
Security Infrastructure 0.6986

AHP Weighting Analysis

The Analytical Hierarchy Process (AHP) analysis was conducted to determine the
strategic priority of each technology component in supporting digital lending transformation
at Bank XYZ. The weighting process was performed through pairwise comparisons among
the THIO components based on expert judgment from internal stakeholders involved in
digital lending operations. The AHP analysis results showed that Humanware obtained the
highest priority weight compared to other technology components. This finding indicates that
human resource capability, digital competency, and managerial expertise are considered the
most strategic factors in supporting the sustainability and effectiveness of digital lending
Services.
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Although Technoware demonstrated the highest actual contribution value in the
previous analysis, the AHP results revealed that Humanware has greater strategic importance
in supporting future digital transformation initiatives. This condition indicates the existence of
a gap between actual technological contribution and strategic organizational priorities. In
addition, Orgaware also obtained a relatively high weighting value, reflecting the importance
of governance structures, organizational coordination, and digital transformation management
in maintaining technology integration effectiveness. The consistency evaluation produced a
Consistency Ratio (CR) value below 0.10, indicating that the expert judgments used in the
weighting process were logically consistent and acceptable for decision-making purposes.
These findings suggest that successful digital lending transformation depends not only on
technological infrastructure, but also on the capability of human resources and organizational
readiness in managing technology-based financial services.

Table 6. AHP Weighting Results of THIO Components
Component  Weight ()
Technoware  0.276
Humanware  0.388

Infoware 0.142
Orgaware 0.194

Technology Contribution Coefficient (TCC)
The Technology Contribution Coefficient (TCC) analysis was conducted to evaluate the

overall contribution of technology integration in supporting digital lending transformation at
Bank XYZ. The TCC value was calculated by integrating the contribution values of
Technoware, Humanware, Infoware, and Orgaware with the strategic weighting results
obtained from the Analytical Hierarchy Process (AHP). The analysis results showed that the
overall TCC value of Bank XYZ’s digital lending system reached 0.684, indicating that the
contribution of technology implementation is categorized at a high level. This result
demonstrates that the integration of digital infrastructure, human capability, information
systems, and organizational support has effectively supported the implementation of digital
lending services within the bank.

Although the TCC result indicates a relatively high level of technology contribution, the
analysis also identified differences between actual technological contribution and strategic
organizational priorities. Technoware achieved the highest contribution value due to the
strong implementation of mobile applications, core banking systems, and cybersecurity
infrastructure. However, Humanware obtained the highest strategic weighting value in the
AHP analysis, indicating that human resource capability remains the most critical factor for
sustaining digital transformation initiatives. In addition, the relatively lower contribution
value of Infoware suggests the need for further improvement in data integration, analytical
systems, and scoring engine optimization. These findings indicate that successful digital
lending transformation requires not only advanced technological infrastructure, but also
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strong human competency, organizational readiness, and integrated information management
to ensure sustainable technology implementation.
Table 7. Technology Contribution Coefficient (TCC) Results of Digital Lending System

Component Contribution Value  Weight ()
Technoware 0.6931 0.276
Humanware 0.6794 0.388
Infoware 0.6750 0.142
Orgaware 0.6904 0.194
Overall TCC Value Category:

0.684 High

CONCLUSION AND RECOMMENDATION
The rapid growth of digital lending has encouraged Bank XYZ to strengthen digital

transformation through the integration of mobile applications, big data analytics, scoring
engines, and cybersecurity infrastructure. The increasing implementation of digital
technology has consequently increased the need for a comprehensive evaluation of
technology contribution within the digital lending system. The technometric analysis showed
that all THIO components were categorized at a high level of contribution, with Technoware
achieving the highest contribution value, while Humanware obtained the highest strategic
priority weight based on the AHP analysis. The difference between actual contribution and
strategic priority indicates that sustainable digital transformation is influenced not only by
technological infrastructure, but also by human capability, organizational readiness, and
information integration. Furthermore, the overall Technology Contribution Coefficient (TCC)
value of 0.684 demonstrates that the integration of technology components at Bank XYZ has
effectively supported digital lending transformation and organizational competitiveness in the
digital banking industry.

The increasing dependence on digital lending services requires Bank XYZ to
continuously strengthen the integration of technology components in order to support
sustainable digital transformation. The relatively high contribution of Technoware indicates
that digital infrastructure has been implemented effectively, while the higher strategic priority
of Humanware suggests that human competency development should become a major
organizational focus. Therefore, Bank XYZ is recommended to improve digital capability
development programs, strengthen data integration and analytical systems, and optimize
scoring engine performance to enhance technology effectiveness and decision-making quality
in digital lending operations. In addition, future studies are recommended to integrate
financial performance indicators and broader comparative banking data in order to provide a
more comprehensive evaluation of technology contribution in the digital banking industry.
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