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Integration of a Salon Information System with the
Apriori-Based Recommendation System and

Reservation Optimization

Liliana Liliana1*, Susana Limanto2, Daniel Soesanto3, Kenny Reandy Kwando4, Gede Darma5

Abstract—Salons face challenges in reservation management,
service time estimation, and leveraging transaction data for
promotions. Existing studies typically develop information,
reservation, and recommendation systems separately, while
reservation systems often overlook service combinations,
quantities, and the parallel execution of services. This study
develops a Salon Information System (SIS) that integrates a
bundling recommendation system based on the Apriori algorithm
with a reservation system that estimates service duration using a
brute-force method. The study's novelty lies in the direct
integration of SIS transaction data into the recommendation
system (eliminating the need for data re-entry), and the
calculation of service times that account for both parallel and
sequential service workflows. The system was developed based on
case studies of three salons in Surabaya, with a requirements
analysis involving 53 respondents. The recommendation system
was tested using 64 transaction records, applying a minimum
support of 20% and a minimum confidence of 80%. Evaluation
was conducted through black-box testing, user validation using a
1–4 Likert scale, and a one-sample t-test. All system functions
operated as expected. Average user ratings were 3.71 for
administrative staff, 3.50 for therapists, and 3.82 for customers.
Statistical test results yielded t-values of 5.83 and 14.94,
exceeding the critical values at the 5% significance level. The
recommendation system generated bundling rules with
confidence levels of up to 100%. In practice, the system supports
reservation management, uses transaction data to deliver more
relevant promotions, and enables more accurate estimation of
service capacity.

Index Terms—Integrated Information system, apriori algorithm,
bundling recommendation, reservation optimization, salon
management system.
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I. INTRODUCTION
hysical appearance plays an important role in enhancing
individuals’ confidence in public settings [1], [2].
However, individuals may sometimes feel dissatisfied with

their physical appearance. [3]. This dissatisfaction motivates
people to invest significant time and money in perfecting their
appearance. [3]. A salon is one place where people can
enhance or maintain their appearance [4]. A salon usually
offers various treatments, such as haircuts, coloring, keratin
treatments, smoothing treatments, haircare, and makeup.
Additionally, salons often sell various products to complement
the treatments, such as serums and masks. This observation is
supported by the findings of [5], which indicate that many
individuals, particularly women, undergo beauty treatments
and use various beauty products to maintain their appearance.

The salons studied also offer a variety of products and
treatments to maintain and enhance a person's appearance. The
average number of customers who visit the salon per day is
between 15 and 18 on weekdays and between 30 and 40 on
holidays. Meanwhile, the average number of therapists
available in each salon is seven. A therapist will serve each
customer according to their expertise. Most therapists have
more than one area of expertise in providing treatment. A
common challenge for these salons is that many customers
arrive at nearly the same time, so some have to wait to be
served, even though they have made a prior reservation. This
issue arises because salons still rely on paper-based
administrative processes, with customer reservations recorded
sequentially in a physical book. This reservation method often
results in several customers' reservations being missed,
allowing the salon to accept other reservations simultaneously.
Additionally, reservation recording has been carried out
without accounting for treatment duration (salons set a fixed
duration for all reservations, regardless of the number and
types of treatments chosen), even though several treatments
can be performed concurrently, making it difficult for the
salon to accurately estimate customer service time. The
increasingly fierce business competition compels every
business actor to enhance their competitive advantage to
survive [6].
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Business actors can employ several strategies to increase
competitive advantage, including innovating [7] and
enhancing customer satisfaction [8]. One form of innovation is
the use of integrated information technology to simplify and
accelerate customer service. Meanwhile, customer satisfaction
can be increased by improving service quality and promotions
[9]. Improving the quality of customer service is necessary to
maintain customer loyalty and emotional engagement [10].
Customers' emotional experiences often influence their desire
to return and to recommend the brand to others.

Meanwhile, promotions are not only helpful in retaining
existing customers but also in attracting new ones. New
customers are typically individuals seeking new experiences at
a specific salon. The salon chosen is usually obtained through
recommendations from others or because one is interested in
the promotions it offers. This condition makes promotions a
key strategy for salons to attract new customers. One common
type of promotion is bundling, in which multiple services
and/or products are offered together as a single package at a
lower price. [11]–[13]. Promotions will be more attractive
when they align with what customers need. Previous surveys
found that around 64% of 53 respondents were hesitant to
purchase bundling promotions because they did not match
their needs. To ensure the promotion aligns with customer
needs, it is necessary to analyze customer transaction patterns
using existing transaction history [14]. However, the large
volume of transaction history data often makes it challenging
to identify customer need patterns [11]–[19].

Numerous studies have used information technology to
enhance the competitive advantage of certain salons.
Reference [20] developed the back end of the information
system for Irfan Salon using information technology. The
purpose of the study was to integrate the processes of
recording transaction data and managing product stock,
thereby minimizing calculation errors in transaction and stock
recording, facilitating report generation, and enabling more
regular
data storage.

Developing salon information systems solely from a back-
end perspective makes the existing system non-interactive.
Therefore, various studies have been conducted to develop
salon information systems from two perspectives: the back
end and the front end. Reference [4] developed a Geographic
Information System (GIS) to facilitate easier access to salon
locations and reservations for salon or barbershop customers
by implementing Electronic Customer Relationship
Management (E-CRM) [4]. The front end of this GIS includes
transaction payment, a chat function for communication
between customers and salons, customer ratings and reviews,
and promotional information such as discounts. These
features enable two-way communication, making the
experience more interactive and engaging. Similar studies that
also develop the front end of the salon information system
include [13], [21]–[24], and [25]. Most researchers develop
interactivity through online reservation features, either on
websites or on mobile devices. The reservation feature is
designed to reduce customer wait time, thereby increasing

customer satisfaction. The results of existing studies indicate
that online reservations enable customers to make
appointments without visiting the salon, streamline queue
management, and support efficient time management within
the salon.

The development of salon information systems has been
carried out extensively, both from one perspective (front-end
or back-end) and from two sides (front-end and back-end).
Most research on the front end focuses solely on reservation
systems, ratings, and reviews. The reservation system
typically only records the appointment time and the list of
selected treatments [22], [23], [25]. Sometimes, the number of
treatments available for selection is limited, as seen in a study
by [25], where the maximum number of treatments selected
was 3. The estimated total treatment time is calculated by
summing the durations of each selected treatment. However,
some treatments can be done concurrently, such as a manicure,
a pedicure, and a creambath. At the end of the creambath, a
steaming process is performed to ensure the cream's nutrients
are fully absorbed by the scalp, strengthening the hair. While
waiting for the steaming process to finish, a therapist can
perform a manicure or pedicure, reducing the total treatment
time to less than the sum of the selected treatment durations.
The time difference that arises and could have been allocated
to another customer goes unused. Consequently, potential
customers who wish to make a reservation at that time may be
unable to do so, and may need to move to another salon. In
addition, most of the reservation systems developed do not
allow for selecting the preferred therapist because the system
does not record the therapist's availability time slot.

Meanwhile, from the back-end perspective, previous
research has primarily focused on data and inventory
management, transaction recording, and report generation [12],
[20]. The recorded data was only used to generate standard
reports, such as sales and purchase summaries, reservation
logs, and current stock. Sales data should be leveraged to gain
deeper insights into customer needs, enabling salons to
formulate effective business strategies and identify
opportunities to attract new clients. Reference [19] conducted
research to identify customer transaction patterns, specifically
treatments that are frequently purchased together, by
analyzing sales history using the Apriori Algorithm. The
findings were then used to inform the creation of bundling
promotions at the salon. The use of the Apriori Algorithm for
bundling promotion creation was also explored by [11], [13],
and [19] in other business fields.

The Apriori algorithm is a method for identifying
associations among data sets that frequently co-occur, making
it a valuable tool for decision-making [15]. Numerous studies
have employed this algorithm to analyze data, especially retail
sales data [10]–[13], [15], [16], [17], [26]–[30]. The analysis
results are applied in various areas, including generating
bundling promotions [11], [13], [19], inventory management
[11]–[13], optimizing product layout in retail businesses [16],
and income analysis [17]. In addition to the business sector,
the Apriori algorithm is widely used to support decision-
making in education [31], [32] and in the health sector, where
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it diagnoses diseases based on patient lifestyle patterns [18],
[33].

The Salon Information System (SIS) developed by [20]
remains limited to the back end, specifically to data recording
and reporting. Research [21]–[25] has equipped the SIS with a
reservation system feature. However, existing reservation
systems generally record only booking times and do not
consider service duration. This limitation can lead to long
queues and uncertainty about estimated service completion
times, especially for customers who have already made
reservations. In addition, stored historical data has not been
fully utilized to analyze customer behavior and needs, thereby
hindering the formulation of targeted business strategies. On
the other hand, most studies analyzing customer shopping
patterns use data that are not directly integrated with the main
information system, necessitating re-entry or integration
before analysis.

The purpose of this study is to develop an SIS integrated
with a promo-bundling recommendation system and a
reservation system. This research proposes two innovations.
First, it integrates the SIS, the promo-bundling
recommendation system, and the reservation system into a
single system. Second, it optimizes the calculation of the
estimated service duration by considering the number, types,
and likelihood of concurrent treatments. Meanwhile, the main
contributions of this research are:
 The bundling recommendation system was designed in an
integrated manner with the SIS, allowing SIS data to be
used directly within the bundling recommendation system
without re-entry.

 The recommended bundling promotions are generated from
an analysis of sales transaction data, ensuring they align
with customers' general preferences and needs.

 The reservation system enables customers to select their
preferred therapist, thereby enhancing customer satisfaction,
particularly among existing customers.

 The estimation of service duration in the reservation system
is computed using the brute-force method, considering the
number, types, and possibility of treatments to be conducted
concurrently, resulting in more accurate availability of time
slots for customers.
The remainder of this paper is organized into three sections,

with Section II describing the methodology and method
employed. Section III explores the implementation of this
method in recommending product bundling and calculating
service duration estimates, offering analysis and discussion.
Finally, Section IV summarizes the study's conclusions and
outlines potential directions for future enhancements.

II. RESEARCHMETHOD

This study adopts a case-based research approach within
the salon business sector. Three salons in Surabaya were
randomly selected as research subjects. The three salons were
Metro Salon, located at Jalan Ubi VI No. 20, Wonokromo

District; Mila Salon, located at Jalan Rungkut Mejoyo Utara
Block AF No. 41, Rungkut District; and Fank Generation
Salon, located at Jalan Rungkut Mejoyo Utara IV Block AG
No. 3, Rungkut District. The SIS will be developed using a
combination of qualitative techniques, incorporating both the
Waterfall and Agile approaches. The bundling
recommendation system will be implemented using the
Apriori algorithm, and the estimated service duration will be
calculated using the brute-force method.

The Apriori algorithm is employed to implement the
bundling recommendation system, and the brute-force method
is used to optimize the reservation system. The reasons to
implement Apriori algorithm were it is easy to understand and
implement [13], [15], [18], [31], [32], [34], tends to be faster
on small-scale datasets with simple transaction patterns [32],
[35], requires less memory than the FP-Growth algorithm [13],
[15], can perform parallel computing [32], and often used as a
basis for the development of other association algorithms [33].
The brute-force method was chosen in this study because it is
simple and reliable [36], [37]. Reliable means it explores all
possibilities to achieve optimal output.

Figure 1 illustrates the development process of the SIS.
The process begins by conducting interviews with salon staff
and distributing questionnaires to salon customers at random.
The interviews aimed to gather detailed information on
existing workflows, including reservation procedures,
transaction recording, inventory management, human resource
management, review mechanisms, and promotional strategies.
Meanwhile, the questionnaire was designed to collect
information about customer experiences during salon
transactions, including making reservations, purchasing
products, receiving treatments, utilizing promotions, and
providing reviews. The questionnaire was validated using
expert judgment techniques, in this case by two supervisors.
This technique was chosen instead of quantitative methods
because the questionnaire used a nominal measurement scale
and respondents were allowed to select more than one answer
for a single question. A total of 53 respondents participated in
the questionnaire.

The collected data was analyzed to identify user needs.
The findings serve as the foundation for system design. The
SIS developed in this study comprises six processes: data
management, sales, purchasing, reservations, attendance and
payroll, and testimonials. In the reservation system, the system
automatically calculates the estimated service duration to
minimize customer waiting times.

This allows customers to schedule other activities outside
of the salon appointment and allows the salon to accommodate
additional customers. Therefore, accurate service time
estimation is essential for optimizing service time. The
estimated service duration is calculated using the brute-force
method, considering whether services can be performed
concurrently or sequentially. The brute-force method
systematically explores all possible solutions to identify the
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most optimal results.

Fig. 1. Salon information system development stages.

Consequently, this method was chosen to ensure precise
and reliable service time estimation. If there are multiple
possible concurrent service combinations in a customer's order,
the one with the shortest duration will be selected. The
procedure for calculating estimated service times is presented
in Pseudocode 1.

The time complexity of the array initialization process in
Pseudocode 1, lines 1 and 2, respectively, is O(1). If n is the
number of services selected by the customer, then the process
of separating services that can be performed in parallel from
those that must be performed sequentially, as shown in lines 3
to 7, has time complexity O(n). The initialization on line 8 has
complexity O(1). If Sq is the number of services selected by
the customer that can only be performed sequentially, then the
time complexity of calculating the duration of all sequential
services is O(Sq). In the worst case, all services ordered by the
customer must be performed sequentially, so the complexity
becomes O(n). The next process is to generate all
combinations of services that can be performed in parallel, as
in line 11. If p represents the number of services that can be
performed in parallel, then the time complexity of the
command in line 11 is O(2^p). In the worst case, if all services
ordered by the customer can be performed simultaneously, the
complexity of Pseudocode 1 is O(2^n). Finally, the time
complexity of computing the shortest duration across all
parallel services, as shown in lines 12-14, is O(p^2p). Thus,
the time complexity of Pseudocode 1 is O(p2p).

The design results were implemented as an integrated
application. The data design uses MySQL, and the
implementation uses the Laravel framework. To evaluate the
system's feasibility and functionality, two types of testing are
conducted: verification and validation. Verification is
performed using black-box testing, following several
predefined scenarios. Each scenario represents a distinct
process flow, enabling testing of various possibilities for both
correct and incorrect cases. This testing aims to ensure that the
given input produces the appropriate output.

Pseudocode 1. Estimated service duration calculation

Input:
��������: List of services ordered by the customer
��: Duration of individual service �

Output:
�������������: Estimated total service duration

Variables:
������: List of services that must be performed
sequentially

�����������: List of services that can be performed
concurrently

����������: List of possible concurrent service
combinations

������������: a list of parallelizable service
combinations with the shortest service duration

���: The combination of services, ��, with the
longest duration in ����������

Procedure:
1. initialize ������ = {}
2. initialize ����������� = {}
3. for each service, � in ��������
4. if � cannot be performed simultaneously with

other services
5. add � to ������
6. else
7. add � to �����������
8. set ������������� = 0
9. for each service, � in ������
10. ������������� = ������������� + ��
11. generate all possible combinations of service

sets ( ���������� ) from the Parallel area that
satisfy the execution criteria.

12. ����������� = { ���������� with the shortest total
duration}

13. for each ����������, �� in �����������
14. ������������� = ������������� + ���
15. return �������������

Validation was conducted to ensure that the developed
system met user requirements and to gather feedback for
further improvement. The three user groups that represent
validation are administrative staff, therapists, and salon
customers. Two respondents represented the administrative
staff group, two respondents represented the therapist group,
and ten respondents represented the salon customer group.
Validation was carried out through a demonstration of the
SIS's features, followed by simulation sessions in which
participants interacted directly with the system. In the final
validation stage, respondents completed a questionnaire
designed to evaluate the feasibility and supportability of the
features provided and to gather feedback. The assessment used
a Likert scale from 1 to 4, with 4 indicating a very positive
response. The questionnaire was validated using expert
judgment. This technique was chosen instead of the
quantitative method because all respondents gave the same
answers to several questions. The lack of variation in
respondents' answers makes the quantitative method
unsuitable. Therefore, the questionnaire was validated by two
expert supervisors.

The bundling recommendation system was implemented
using the Apriori algorithm. If d is the number of transactions,
then the complexity of this algorithm is O(d2d) [38]. The
workflow of the Apriori algorithm is outlined as follows:
a. Determine the minimum support and minimum confidence

threshold.
b. Calculate the support value of all 1-itemsets using (1). A

set that contains only one item is called a 1-itemset.
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������� � = �(�)
�

(1)

where:
�(�) is the number of transactions containing item X.
� is the number of transactions.

c. Delete 1-itemsets that do not meet the minimum support
threshold. �1 denotes the set of 1-itemsets that meet the
minimum support threshold.

d. Use {�1} to compute the support for all 2-itemsets. The
support for an itemset consisting of two items, X and Y, is
calculated using (2) [39]. �(� ∪ �) is the number of
transactions containing items X and Y. After that, find all
�2. Repeat this step until no more �-itemsets can be found.

������� �, � = �(�∪�)
�

(2)

e. For each �-itemset, ��, generate all nonempty subsets of ��.
f. For each nonempty subset � of ��, form a rule in the form:

� → {�� − �}
g. Delete rules that do not meet the minimum confidence

threshold. The confidence value of each rule is calculated
using (3) [39].

���������� � → � = �������(�, �)
�������(�)

(3)

h. The recommended bundle promotions are selected from �
association rules with the highest confidence value.

To evaluate the performance of the bundling
recommendation system, daily sales transaction data from
October 25, 2023, to January 22, 2024, was used. Daily sales
transaction data is stored in multiple files to reduce
redundancy. Before generating recommendations, the data is
first filtered according to the user-specified date, then merged,
and relevant attributes are extracted to support the
recommendation process. The relevant attributes include the
invoice number and the ID of the purchased service or product.
After this preprocessing step, the final dataset consists of 64
records. Implementing SIS in salons requires significant time,
including training human resources to run the SIS effectively.
During the trial, SIS was not fully implemented because the
human resources needed to run it were not yet available,
resulting in limited data collection.

The testing used a minimum support threshold of 20% and
a minimum confidence threshold of 80%, ensuring that only
frequently co-occurring and highly reliable itemsets were
considered in generating recommendations. The benchmarks
used to determine the threshold values are [30], [40], [41].

III. RESULT AND DISCUSSION

The SIS is developed from two perspectives: the front end
and the back end. The scope of this system is broader than that

of the research reported in [20], which focused solely on the
back end. The back-end users are administrative staff and
therapists. Administrative staff manage all aspects of salon
operations, while therapists deliver treatments to customers.
Back-end features include data management, attendance,
payroll, and commission calculation, purchasing, sales, and
reservations management. Data management encompasses
verifying incoming data, as well as adding, deleting, and
modifying data to meet business process requirements.
Attendance tracking and commission calculations help owners
better manage their workforce; scheduling can be balanced to
the salon's needs, and payroll can be administered more
equitably by accounting for each employee's specific role and
workload. Sales and reservation management facilitate the
handling of customer transactions, aiming to boost customer
satisfaction and foster loyalty, while also serving as a source
of information for management decision-making. On the
front-end, customers can access information about products,
services, and promotions.
Additionally, customers can make reservations or view their

reservation history. Products offered to consumers can be
tailored based on transaction history, just as product bundles
can be customized to match consumer habits. Reservation
history is highly valuable to customers, as it allows them to
view details such as the date of their last service and the staff
member who assisted them—information that can serve as a
reference when scheduling future appointments.
The reservation page of the SIS front end is shown in Fig. 2.

When making a reservation, customers can specify their
desired schedule, the treatments and products they select, and
their preferred therapist for each treatment. The option to
select a preferred therapist may be important in service-based
businesses because the service provider can influence
customer retention; in such businesses, the individual
providing the service is a key factor in attracting and retaining
clients. Customers, particularly those visiting salons, typically
prefer to see the same therapist every time, or at least one who
shares similar characteristics with the therapist who usually
serves them. If the reservation request can be accommodated,
the system displays an estimated treatment duration. This
estimate considers whether treatments can be performed
concurrently. As shown in Fig. 2, for example, a customer
selects a pedicure, a manicure, and a haircut, each lasting 30
minutes. The pedicure and manicure can be performed
simultaneously by two different therapists because the
customer does not choose the therapist. Therefore, the total
estimated service duration is reduced to 60 minutes, rather
than 90 minutes. One of the key advantages of this study over
previous research is the ability to produce more accurate
estimates of treatment duration. To the best of the authors'
knowledge, previous studies have primarily relied on fixed
treatment durations. Having a more accurate estimate of the
treatment duration allows customers to plan their other
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activities more effectively.

Fig. 2. Reservation page of the front-end of the SIS.

Verification results indicated that all features within the
SIS were functioning properly and producing expected output.
These results indicate that the system can support the
operational processes of a salon business. Although the
verification of the estimated service duration calculations
yielded correct results, in practice it was unable to eliminate
the waiting time for customers who had already made
reservations.

Further analysis revealed several contributing factors to
this issue, which were:
 Some customers who had made reservations arrived late.
 Some customers requested additional treatments besides
those initially booked. During service sessions, therapists
often promote ongoing salon services and special offers. In
some cases, customers are attracted to these promotions and
opt for additional services.

 In practice, actual service times may exceed those recorded
in the database due to therapist inexperience or differing
customer expectations. For example, a less experienced
therapist may take longer to apply nail polish carefully, and
customers may request corrections if the results are
unsatisfactory, further extending the service time.

 Some salons continued to serve customers without
reservations, even when their service times overlapped with
scheduled appointments. This action is taken to maintain
good relationships with customers, as salons strive not to
turn away customers who have already walked in.

 There were transition times between services and the time
to prepare materials and equipment for the next service.
The tools used can vary depending on the type of service.
For example, a customer may order a haircut and a hair dye
treatment. would require different sets of tools: scissors,
combs, and clips for the haircut, and dye, bowls, gloves, and
brushes for coloring. This requires additional time to switch
and prepare the equipment.
These factors collectively disrupt the SIS's scheduling

accuracy and operational efficiency. Addressing this requires
strong commitment and operational discipline from salon
management and staff. Additionally, further research is needed

to determine the duration of preparation and transition times
between services, as these intervals can vary considerably
depending on the type and complexity of the service provided.

Validation was carried out in collaboration with two salons:
Fank Generation Salon and Metro Salon. Fig. 3 presents the
distribution of respondents who participated in the validation
process. Most of the customer respondents were female,
accounting for approximately 70% of the total sample. 80%
of customer respondents were between 17 and 21 years old,
while the remaining 20% were between 22 and 30 years old.
This gender distribution aligns with [5], which found that
women engage in personal grooming activities more
frequently than men.

Fig. 3. Respondents' profile.

Table 1 summarizes the evaluation results from
administrative staff and therapist respondents regarding the
perceived feasibility and supportability of each feature in the
SIS back end. Meanwhile, Table 2 presents customer
respondents' assessments of the feasibility and supportability
of each front-end feature. Both tables indicate highly positive
responses across all respondent groups. The average scores
given by administrative staff, therapists, and customers were
3.71, 3.5, and 3.82, respectively, based on a 4-point scale.

Table 1.
Assessment Results from Administrative Staff and Therapist Respondents

Features
Percentage of Respondents Who

Gave Rating (%)
1 2 3 4

Administrative Staff
Reservation management 50 50
Sales 50 50
Purchase 100
Internal product usage tracking 50 50
Bundling recommendations 50 50
Employee attendance 100
Payroll 100

Therapists
List of upcoming reservations 50 50
Salary and commission 50 50

Average score of administrative
staff respondents 3.71

Average score of therapists’
respondents 3.50

To statistically evaluate the respondents' assessments, one-
sample t-tests were conducted -assuming normally distributed
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data. The one-sample t-test was selected because the
population variance was unknown and the administrative staff
and therapist dataset comprised only 18 observations. The
alternative hypothesis stated that the population mean was
greater than 3, indicating a positive assessment of the SIS.
Using a 5% significance level, the test statistic for the Admin
and Therapist group was 5.83, exceeding the critical value of
1.74. Similarly, the Customer group yielded a test statistic of
14.94, also exceeding its critical value of 1.68. Details of the
test can be found in Tables 3 and 4.

Table 2.
Assessment Results from Customer Respondents

Features
Percentage of Respondents
Who Gave Rating (%)

1 2 3 4
Reservation 10 90
Selection of therapists during the
Reservation 50 50

Reservation History 20 80
Salon Information (products, services,
and promotions) 10 90

Overall 100
Average score 3.82

As shown in Table 3, the mean assessment score provided
by administrative staff and therapists was significantly higher
than the reference value of 3 (M=3.667, SD=0.485,
t(17)=5.831, p<0.001). Therefore, the null hypothesis is
rejected. This finding indicates that administrative staff and
therapists generally evaluated the SIS positively. For Table 4,
the one-sample t-test showed that the mean customer
assessment was significantly higher than the reference value
of 3 (M=3.82, SD=0.388, t(49)=14.941, p<0.001). Therefore,
the null hypothesis was rejected, indicating that customers
generally provided a positive assessment. Compared with
Table 3, customer assessments were higher and showed less
variability than those of administrative staff and therapists: the
customer mean is 3.82 compared to administrative
staff/therapists at 3.667, while the customer SD of 0.388 is
smaller than the administrative staff/therapists' SD of 0.485. In
both cases, the null hypothesis was rejected in favor of the
alternative hypothesis. Overall, these results provide statistical
evidence that users perceived the SIS as supportive of salon
business operations and helpful in facilitating customer access
to information and reservation services. However, the
successful implementation and sustainability of the system
depend on salon management's commitment and integrity to
ensure the smooth execution of business processes.

The integration between the SIS and the product bundling
recommendation system is implemented by embedding the
recommendation system as a feature in the SIS back end .
Sales transaction data retrieved from the SIS serves as input
for the recommendation process, thereby enhancing data
consistency across systems, eliminating manual data re-entry,
and reducing the time required to prepare input data. This
differs from most existing studies, which develop product

bundling recommendation systems separately from the SIS .
The integration of both systems is a key strength of this
research, as it automates data flow and eliminates the need for
re-entry during the recommendation process.

Table 3.
t-Test for Assessment of Administrative Staff and Therapists

Figure 4 presents the interface of the recommendation
page. Users can specify the sales-data period used to generate
recommendations, enabling more relevant and up-to-date
results. As shown in Fig. 4, based on transaction data from
October 25, 2023, to January 22, 2024, at least 20% of
customers who had (1) pedicures and natural makeup or (2)
pedicures and relaxation massages also had manicure services.
The first rule had 25% support and 89% confidence, while the
second rule had 20% support and 100% confidence. This
information reveals that efforts to improve appearance are not
limited to the face, but also extend to the feet and hands, as
well as the relaxation of tension and fatigue. The inclusion of
toenail and fingernail care in all recommendations implies that
these services were particularly in demand during that period.
Customer behavior and treatment preferences during that
period can be used to create targeted promotions that align
with customer needs, thereby increasing sales or attracting
new customers.

Table 4.
t-Test for Customer Assessment

Null hypothesis
Alternative hypothesis
Significance level
Sample size
Degree of freedom
Sample mean
Sample standard deviation
t-test statistic
Upper critical value
p-value

μ ≤ 3
μ > 3
0.05
50
49
3.82
0.388
14.941
1.677

3.5401E-20

The frequencies of service occurrences across all
transactions from October 25, 2023, to January 22, 2024, are
presented in Table 5. As shown in Table 5, Manicure was the
most frequently selected service, appearing in approximately
50% of the transactions. Facials are also highly popular on an
individual basis; however, despite this strong standalone
appeal, they are relatively rarely combined with other services.
This pattern suggests that facial treatments may be more
suitable as standalone services than as components of bundled

Null hypothesis μ ≤ 3
Alternative hypothesis μ > 3
Significance level 0.05
Sample size 18
Degree of freedom 17
Sample mean 3.667
Sample standard deviation 0.485
t-test statistic 5.831
Upper critical value 1.740
p-value 1.00229E-05
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packages.

Fig. 4. Interface of the recommendation page.

Table 5.
Service Support Value

Services Support

Men's cutting
Washing (hair loss)
Creambath
Manicure
Pedicure
Coloring
Natural makeup
Relaxation massages
Curls
Facial
Women's cutting

0.078125
0.078125
0.156250
0.500000
0.375000
0.031250
0.375000
0.281250
0.062500
0.468750
0.078125

Manicure, Pedicures
Manicure, Natural makeup
Manicure, Relaxation massages
Manicure, Facial
Pedicures, Natural makeup
Pedicures, Relaxation massages
Pedicures, Facial
Natural makeup, Relaxation massages
Natural makeup, Facial
Relaxation massages, Facial

0.343750
0.328125
0.265625
0.140625
0.281250
0.203125
0.078125
0.140625
0.093750
0.046875

Pedicures, Manicure, Natural makeup
Manicure, Pedicures, Relaxation massages
Manicure, Natural makeup, Relaxation massages
Pedicures, Natural makeup, Relaxation massages

0.250000
0.203125
0.140625
0.109375

Pedicures, Manicure, Natural makeup, Relaxation massages 0.109375

Other findings indicate that manicure, pedicure, and
natural makeup services are often purchased together. The
service combinations most frequently purchased together are:

 Manicure + Pedicure (0.34375, approximately 22
transactions)

 Manicure + Natural makeup (0.328125, approximately 21
transactions)

 Pedicure + Natural makeup (0.28125, approximately 18
transactions)

 Manicure + Relaxation massages (0.265625,
approximately 17 transactions)

 Pedicure + Relaxation massages (0.203125,
approximately 13 transactions)

For the association rule Pedicure → Manicure, the

confidence value was 0.9167, indicating that approximately
91.7% of customers who selected a pedicure also selected a
manicure. Furthermore, the lift value calculated using formula
(4) [42] is 1.83, indicating that the Pedicure–Manicure
relationship is not merely due to the general popularity of
manicures; customers who get a pedicure are approximately
1.83 times more likely to get a manicure than the general
customer base.

���� � → � = ���������� (�→�) ������� (�) (4)

For the three-service combination of pedicure, manicure,
and natural makeup, the support value was 0.25, indicating
that 25% of all transactions included all three services. The
association rules generated by the Apriori algorithm exhibited
higher confidence values than those for service combinations
selected solely by frequency of occurrence. This shows that
the recommendations generated by the Apriori algorithm have
a stronger basis for implementation than those based on
popularity. The Apriori and brute-force algorithms produced
the expected results for the relatively small datasets examined
in this study. However, these algorithms are highly inefficient
when used on large datasets. This is because both algorithms
evaluate all possible combinations. This computational
limitation presents significant opportunities to develop faster,
more efficient algorithms.

IV. CONCLUSION
This study contributes an integrated approach that

combines a Salon Information System (SIS), an association-
rule-based bundling recommendation system, and reservation
scheduling optimization within a single platform. This
integration enables the direct use of operational transaction
data to generate recommendations without re-entry, while also
expanding reservation mechanisms to account for services that
can be performed either in parallel or sequentially. Thus, the
study demonstrates that salon operational data can be
leveraged not only to support administrative processes but also
to inform decisions about promotions and service capacity
management.

In practical terms, this system can assist salon managers in
formulating bundling promotions based on customer
transaction patterns, allocating therapists and service slots
more strategically, and providing customers with more
informative service time estimates. Such information can be
used to enhance service capacity utilization and support daily
operational planning.

This study has several limitations. The recommendation
system was evaluated using a relatively small dataset of 64
transactions, and the study was conducted at a limited number
of salons; therefore, the generalizability of the results requires
further validation. The accuracy of service-duration estimates
is also influenced by operational factors such as customer
lateness, service additions, preparation and transition times,
and variations in actual service duration. Furthermore, this
study did not conduct a comparative evaluation of Apriori
against other recommendation algorithms, so the relative
performance of Apriori could not be determined.
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Future research should use larger, more diverse datasets
and compare Apriori with other approaches, such as FP-
Growth, collaborative filtering, and hybrid methods. Future
system development could also focus on real-time
personalized recommendations based on individual customer
histories and preferences. Regarding reservations, predictive
scheduling models could be developed by leveraging historical
data on therapist performance, actual service durations,
customer lateness, and transition times to generate real-time
service duration estimates and dynamically adjust schedules
based on salon operational conditions.
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