Zero : Jurnal Sains, Matematika, dan Terapan
E-ISSN : 2580-5754; P-ISSN : 2580-569X
Volume 10, Number 2, 2026

DOI: 10.30829/zero.v10i2.30035

Page: 650-658

Analysis of Online Marketplace User Satisfaction using SERVQUAL,
Quality Function Deployment, and Mixed Integer Linear Programming

"Nayla Nur Alifah
School of Data Science, Mathematics, and Informatics, IPB University, Bogor, 16680, Indonesia

2Toni Bakhtiar
School of Data Science, Mathematics, and Informatics, IPB University, Bogor, 16680, Indonesia

3)aharuddin
School of Data Science, Mathematics, and Informatics, IPB University, Bogor, 16680, Indonesia

Article Info ABSTRACT

Article history: This study analyzes and optimizes user satisfaction in online marketplaces by
onon mtegrating SERVQUAL, the Kano Model, Quality Function Deployment

Accepted: 10 July 2026 . : T . . ot . .
(QFD), and Mixed Integer Linear Programming (MILP). Data were collected
from 167 Shopee users, with 107 valid responses analyzed. SERVQUAL
measured service quality dimensions, the Kano Model derived satisfaction and
dissatisfaction parameters, QFD translated user requirements into internal

Keywords: service measures, and MILP selected optimal improvement alternatives under

an IDR 90,000,000 budget constraint. The results show that assurance had the
Kano Model; highest SERVQUAL weight (0.207), followed by tangibility (0.201), reliability
Mixed Integer Linear Programming; (0.200), empathy (0.198), and responsiveness (0.195). The Pearson correlation-
Online marketplace; based HoQ approach selected customer service training, automatic delivery
Quality Function Deployment; update features, and feedback completion incentives, with a total cost of IDR
SERVQUAL. 85,000,000 and a deviation value of 0.191. These findings provide scenario-

based decision support to improve the quality of marketplace services.

This is an open-access article under the CC BY-SA license.

@O0

Nayla Nur Alifah,

School of Data Science, Mathematics, and Informatics
IPB University, Bogor, Indonesia

Email: navlaalifah@apps.ipb.ac.id

1. INTRODUCTION

The rapid growth of online marketplace platforms has changed how consumers evaluate digital services,
particularly regarding service reliability, transaction security, response speed, and post-transaction support [1],
[2]. In online transactions, user satisfaction is determined not only by product availability or price but also by the
platform's ability to provide reliable, responsive, secure, and user-oriented services [3|, [4]. As online
marketplaces function as digital ecosystems connecting sellers and buyers, service quality has become a strategic
factor for maintaining customer satisfaction, trust, and loyalty in an increasingly competitive e-commerce
environment [5], [6]. Recent studies on marketplace services also confirm that service quality dimensions and e-
service quality attributes significantly influence customer satisfaction and platform loyalty [7], [8].

Although these studies provide important evidence regarding the relationship between service quality and
user satisfaction, most of them remain diagnostic or explanatory in nature. They 1dentify significant service quality
dimensions, satisfaction determinants, or loyalty effects, but do not formally translate these findings into an
optimization model for selecting feasible service improvement alternatives [17], [18]. In practice, online
marketplace managers face resource limitations when improving service quality. Each improvement alternative,
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such as enhancing customer service response, improving delivery time estimation, or increasing post-transaction
feedback, requires different implementation costs and offers different levels of technical effectiveness. Therefore,
identifying important service attributes alone 1s insufficient without a mathematical decision model to determine
which improvement alternatives to select under budget constraints.

The primary contribution of this study 1s the development of an integrated decision-support framework
that connects SERVQUAIL-based service quality assessment, Kano-based satisfaction parameters, QFD
relationship mapping, and MILP-based alternative selection. The study does not propose a new SERVQUAL,
Kano, QFD, or MILP method. Instead, it demonstrates how these established approaches can be operationally
linked within a single analytical procedure for selecting feasible service improvement alternatives under a budget
constraint.

Accordingly, this study aims to evaluate user satisfaction in online marketplaces using SERVQUAL and the
Kano Model, translate user requirements into internal service measures through QFD, and formulate a MILP
model to select service improvement alternatives under a defined budget constraint. The proposed framework 1s
mtended to provide a structured and scenario-based decision-support procedure rather than a universally
generalizable optimization solution.

2. RESEARCH METHOD
3.1 Research Design

This study employed a quantitative approach with an integrated computational design to systematically
analyze and optimize user satisfaction in online marketplace services [27]. A quantitative approach was selected
because it enables objective measurement of relationships among variables and supports the development of
mathematical models for data-driven decision-making [28]. This research design integrates the SERVQUAL
method, the Kano model, Quality Function Deployment (QFD), and Mixed Integer Linear Programming
(MILP) to establish a comprehensive analytical framework for evaluating and optimizing service quality [29].
Accordingly, this design is not only descriptive in nature but also prescriptive in determining optimal solutions.

8.2 Data Source and Variables

The data sources in this study consisted of primary and secondary data. Primary data were collected through
an online questionnaire distributed via Google Forms to active Shopee users as a case example of an online
marketplace platform [30]. The questionnaire consisted of four main sections: respondent identity; measurement
of user perceptions and expectations across the five SERVQUAL dimensions; user preferences toward internal
service measures; and Kano-based functional and dysfunctional questions for classifying service attributes [31].

The demographic profile of the valid respondents showed that 30 (28%) were male and 77 (72%) were
female. Based on age group, 20 respondents, or 199, were aged 17-20 years; 36 respondents, or 349, were aged
21-30 years; 8 respondents, or 7%, were aged 31-40 years; and 43 respondents, or 40%, were above 40 years
old. These demographic characteristics indicate that the sample included users from different age groups, with
the largest proportion being respondents aged 40 and older.

The research variables included service quality dimensions measured using SERVQUAL, namely
tangibility, reliability, responsiveness, assurance, and empathy; user preferences toward internal service measures,
mcluding customer service response speed, delivery notification accuracy, and post-transaction feedback; and
attribute classifications based on the Kano Model [31]. In addition, technical parameters, such as implementation
costs and technical effectiveness scores, were incorporated into the MILP optimization model to determine the
optimal combination of service improvement alternatives subject to budget constraints. Secondary data were
obtained from books, journal articles, and other relevant literature related to SERVQUAL, the Kano Model,
QFD, MILP, online marketplaces, and user satisfaction.

Table 1. Demographic Profile of Respondents

Characteristic Category Frequency Percentage

Gender Male 30 28%
Female 77 72%

Age 17-20 years 20 19%
21-30 years 36 349%

31-40 years 8 7%

> 40 years 43 40%
Total Valid respondents 107 100%

3.3 Data Collection Procedure

Data collection was conducted by distributing an online questionnaire through Google Forms to
respondents who met the research criteria. The questionnaire consisted of four sections: respondent identity,
SERVQUAL-based service quality assessment, user preferences toward internal service measures, and Kano-
based functional and dysfunctional questions for classifying service attributes [31], [32]. The SERVQUAL section
measured five dimensions, namely tangibility, reliability, responsiveness, assurance, and empathy. Each
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dimension was represented by four items, for a total of 20 SERVQUAL items used to measure users’ perceptions
and expectations of online marketplace service quality [33].

3.4 Analytical Methods or Algorithms

The analytical procedure in this study consisted of four integrated stages. First, SERVQUAL was used to
measure service quality across five dimensions: tangibility, reliability, responsiveness, assurance, and empathy.
Second, the Kano Model was applied to classify service attributes and calculate the satisfaction and dissatisfaction
coefficients. Third, Quality Function Deployment (QFD) was employed to translate user requirements into
mternal service measures through the House of Quality (HoQ), enabling the prioritization of technical responses
based on customer needs [23]. Fourth, a Mixed Integer Linear Programming (MILP) model was formulated to
determine the optimal combination of service improvement alternatives subject to a budget constraint, providing
a systematic approach to selecting the most effective strategies while accounting for limited resources [35].

The internal service measures used in this study consisted of customer service response speed, delivery time
estimation accuracy, and user feedback after transactions. Each internal service measure had three technical
alternatives with different implementation costs and technical scores, as presented in Table 2.

Table 2. Technical Alternatives, Cost Structure, and Technical Scores for Service Improvement Measures

. . t (i Technical
Internal Measure  Technical Alternatives Inil?i(())il EBR) Cost Type eSCcoreC
Customer service . :
1. Adding customer service - - .
response speed agents (1 person/month) v Variable/Month 0-6
2. Implementing an Al )
chatbot 20 Fixed/One-time 0.9
3. Intensive training for - i -
customer service staff = Fixed/Per Batch 0.75
Delivery time 1. Real-time system
L . S . 2 Fi -t 9
estimation Integration with couriers 0 ixed/One-time 0
accuracy 2. Delivery time prediction
system (simple machine 15 Fixed/One-time 0.75
learning)
3. Automatic update 10 Fixed/One-time 0.6
feature in the application )
User feedback 1. Feedback completion .
after transactions mcentives (voucher IDR 5 Variable/1,000 0.9
5,000 x 1,000 users) Users
2. Redesigning the
feedback form user 8 Fixed/One-time 0.75
interface
3. Automatic reminder . . .
. 1 10 - ).
notifications ixed/One-time 0.0

The technical alternatives, implementation costs, and technical effectiveness scores presented in Table 2
were used as scenario parameters in the MILP model. The cost values were not obtained from Shopee’s internal
accounting or procurement records. Instead, they were constructed as illustrative estimates to represent plausible
differences in resource requirements among the alternatives. Similarly, the technical scores of 0.60, 0.75, and
0.90 were assigned to represent low, moderate, and high relative effectiveness within the demonstration scenario.

The Kano satisfaction and dissatisfaction coefficients were calculated as follows:

A;+0;

CS, = — 2% (1)
Aj+0i+M;+1;
0;+M;
DS, = — —2*Mi ©
Aij+0;+M;+I;

In the QFD stage, the HoQ relationship matrix was developed using two approaches, namely Pearson
correlation and judgment-based assessment. In the Pearson correlation-based approach, the average
SERVQUAL dimension score was correlated with the ordinally transformed score of each internal service
measure. The correlation values were then converted into the HoQ scale of 0, 1, 3, and 9, representing no, weak,
moderate, and very strong relationships. The mitial HoQ relationship values were then normalized using the
following equation:
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The MILP model was formulated to minimize the weighted deviation between the achieved satistaction
level and the maximum target satisfaction level. The objective function is expressed as follows:

min Z(Wli + wy;)d; 4)

i€l

Furthermore, the model was complemented with several constraints to ensure that the resulting solution
satisfied realistic system conditions. The relationship between SERVQUAL dimensions and internal technical
attributes was expressed as follows:

Rg-orm x]' = yi,Vi el (5)
JjEJ
yi+di21,ViEI (6)
Z Le=1Vj€] )
aEAj
Xj = Z Sja lja’ V] E] (8)
aEAj
Jj€J aEAj
Z RI™ = 1,vi€ I (10)
jel

Finally, the decision variable constraints in this model were expressed as follows:

0<x<1Vj€EJ (11)
0<y;<1Viel (12)

lio €{0,1},Vj € ],Va € 4; (13)
di=0,viel (14)

3.5 Software and Tools

The software used in this study included Microsoft Excel for preliminary data processing and of constructing
the House of Quality (HoQ) matrix, and Python for implementing the MILP optimization model. Python was
selected for its ability to efficiently solve complex optimization problems via various mathematical programming
libraries. In addition, statistical analyses, including correlation analysis and data validation, were conducted using
computational methods to ensure the accuracy of the research findings [28].

In terms of research ethics, the entire data collection process was conducted to ensure that participation was
voluntary and anonymous, and that no sensitive information was collected that could harm respondents. This
study also ensured that the collected data were used solely for academic purposes and analyzed objectively without
manipulation. Accordingly, all research procedures complied with the applicable principles of scientific research
ethics.

3. RESULT AND ANALYSIS
3.1 Service Quality Analysis Using SERVQUAL and the Kano Model

Service quality analysis was conducted using the SERVQUAL method to identify gaps between user
perceptions and expectations of online marketplace services. The analysis results indicated that each dimension
had a different level of importance in influencing user satisfaction, thereby reflecting systematic priorities for
service improvement. Service quality is a primary factor in determining user satisfaction in digital systems,
particularly on e-commerce platforms.

Table 3. Weights of SERVQUAL Dimensions and Parameters from the Kano Questionnaire
Tangibility Reliability Responsiveness Assurance Empathy

Weight 0.201 0.200 0.195 0.207 0.198
CS; 0.340 0.387 0.378 0.424 0.347
DS; 0.372 0.301 0.344 0.424 0.326
Wi; 0.340 0.387 0.378 0.424 0.347
Wy 0.032 -0.086 -0.033 0.000 -0.021
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ased ¢ a assurance di sion ha ighest 1mpc ce wel indicatir security
Based on Table 4, the assurance dimension had the highest importance weight, indicating that security,
trust, and service guarantees were the dominant factors influencing user satisfaction. These findings suggest that

users strongly consider transaction protection and system reliability when interacting with digital platforms. This

result 1s consistent with previous studies indicating that the assurance dimension significantly influences digital
service user satisfaction [13].

3.2 Quality Function Deployment (QFD)

The next stage involved translating user requirements into internal technical attributes using the Quality
Function Deployment (QFD) method. This method was employed to connect user requirements to technical

actions that service providers could implement [19].

Internal o

Measure g 2

g 8
* ( ~
o
A | § | %
SERVQUAL & ° o
Dimension 3 A £
Tangibility 0 1 0
Reliability 0 1 0

Responsiveness

Assurance

Empathy

Figure 1. Initial HoQ Plot (Pearson Correlation)
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Assurance 3 1 3
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Figure 2. Initial HoQ Plot (judgment)

Table 4. Rationale for Determining the Initial HoQ Plot (Judgment-Based Approach)

SERVQUAL
Dimension

Customer  Delivery

Service Time

Response  Estimation

Feedback

Rationale

Tangibility

Reliability

Responsiveness

0 1
3 9
9 3

The presentation of delivery
information and user reviews
contributes to the visual aspects.
Customer service and delivery
estimation are related to promises
and service reliability.

Response speed and readiness to
assist are highly relevant to
customer service.
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Customer  Delivery
SERVQUAL . . .
. Q . Service Time Feedback Rationale
Dimension ..
Response  Estimation
Customer service builds a sense of
Assurance 3 1 3 security, while user feedback
increases trust.
Customer service and feedback
Empathy 3 0 3 reflect personal attention and

concern toward users.

After obtaining the initial HoQ plot, normalization was performed using the following formula:
N
Ruorm _ D=1 RirVj (12)
i N N
/ Yj=12k=1RijVjk

where Rj; represents the relationship between the i-th SERVQUAL dimension and the k-th internal measure.
R;; denotes the relationship between the i-th SERVQUAL dimension and the j-th internal measure.
Furthermore, yy; = ¥jj represents the relationship between internal measures kand j.

Table 5. (a) Normalization Results for the Pearson Correlation Approach, (b) Normalization Results
for the Judgment-Based Approach

(@) (b)
Internal Internal
Measure Measure
Customer | Delivery - Customer | Delivery | o

SERVQ- Service Time Feedback SERVQ- Service Time Feedback
UAL UAL
Dimension Dimension
Tangibility 0 0 1 Tangibility 0.333 0.333 0.333
Reliability 0 0 1 Reliability 0.167 0.167 0.667
Responsiveness 0 0 1 Responsiveness 0.071 0.071 0.857
Assurance 0 0 1 Assurance 0.3 0.3 0.4
Empathy 0 0 1 Empathy 0.333 0.333 0.333

3.3 Mixed Integer Linear Programming (MILP)

The MILP parameters were obtained from the preceding SERVQUAL, Kano, and QFD stages. Kano-
derived weights were used in the objective function, while the normalized HoQ values represented the
relationships between SERVQUAL dimensions and internal service measures. The technical effectiveness scores
represented the assumed contribution of each alternative to the fulfillment of its corresponding internal measure,
and the cost parameters represented the assumed resource requirements for implementation.

The final optimization outputs are summarized in table 6 and table 7. This table presents the selected
alternatives, total implementation cost, deviation value, and final satisfaction values for each SERVQUAL
dimension under both HoQ approaches.

Table 6. Selected Service Improvement Alternatives under the Pearson Correlation-Based and Judgment-

Based HoQ Approaches

HoQ Approach  Internal Service Measure Selected Alternative
Pearson Customer service Intensive training for customer service staff
Correlation response

Delivery-time estimation ~ Automatic update feature in the application
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Post-transaction feedback ~ Feedback completion incentives

Judgment Customer service Intensive training for customer service staff
response
Delivery-time estimation Delivery time prediction system
Post-transaction feedback ~ Feedback completion incentives

Table 7. Optimization Metrics and Final SERVQUAL Satisfaction Values under Both HoQ Approaches

HoQ Total Cost
Approach  (million IDR)

Deviation Tangibility Rehability Responsiveness Assurance Empathy

Pearson 85 0.191 0.9 0.9 0.9 0.9 0.9
Correlation
Judgment 90 0.329 0.799 0.851 0.878 0.810 0.799

As shown in Table 10(a), the Pearson correlation-based HoQ approach selected mtensive training for
customer service staff, an automatic update feature in the application, and feedback-completion incentives. Table
10(b) shows that this combination required IDR 85,000,000, remaining below the available budget of IDR
90,000,000. It produced a deviation value of 0.191 and a final satisfaction value of 0.900 for each SERVQUAL
dimension.

Under the judgment-based HoQ approach, Table 10(a) shows that customer service training and feedback-
completion incentives remained selected, while the delivery alternative changed to a delivery-time prediction
system. As reported in Table 10(b), this solution exhausted the IDR 90,000,000 budget and produced a higher
deviation value of 0.329. Its final satisfaction values were 0.799 for tangibility, 0.851 for rehability, 0.878 for
responsiveness, 0.810 for assurance, and 0.799 for empathy, indicating greater variation across dimensions than
in the Pearson-based scenario.

3.4 Implications and Research Contributions

The contribution of this study is centered on the integration of established service quality and optimization
methods into a single decision-support procedure. SERVQUAL identifies the relative importance of service
quality dimensions, the Kano Model provides satisfaction and dissatisfaction parameters, QFD translates
customer requirements into internal service measures, and MILP selects feasible technical alternatives under
resource constraints. The value of the framework, therefore, lies in the connections among these analytical stages
rather than in the development of a new individual method.

4. CONCLUSION

This study analyzed user satisfaction on online marketplaces by integrating SERVQUAL, the Kano Model,
Quality Function Deployment (QFD), and Mixed Integer Linear Programming (MILP). Based on 107 valid
responses from Shopee users, the SERVQUAL and Kano analyses identified assurance, reliability, and
responsiveness as important service quality dimensions for improving user satisfaction. These user requirements
were translated into internal service measures through the House of Quality, namely customer service response
speed, delivery time estimation accuracy, and user feedback after transactions.

The MILP model was used to select service improvement alternatives under a budget constraint of IDR
90,000,000. Under the Pearson correlation-based HoQ approach, the selected alternatives were intensive training
for customer service staff, automatic update features in the application, and feedback completion incentives, with
a total cost of IDR 85,000,000 and a deviation value of 0.191. Under the judgment-based HoQ approach, the
selected alternatives were intensive training for customer service staff, a delivery time prediction system, and
feedback completion incentives, with a total cost of IDR 90,000,000 and a deviation value of 0.329. These results
indicate that the optimization outputs vary with the HoQ relationship-mapping approach used.

However, the findings should be interpreted within the defined analytical scenario. The sample was limited
to 107 valid Shopee users, the internal service responses were transformed from ordinal categories into numerical
scores, and the cost and technical effectiveness parameters were not obtained from actual organizational records.
Therefore, the optimization results demonstrate the application of the framework but do not constitute
implementation-ready recommendations for Shopee or other online marketplace platforms.

Future studies are recommended to expand the sample size, include multiple online marketplace platforms,
compare alternative ordinal-data methods such as Spearman or polychoric correlation, and incorporate
additional constraints such as implementation time, workforce capacity, and minimum satisfaction targets. These
extensions may improve the stability, applicability, and scalability of the proposed QFD-MILP decision-support
model.
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