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ABSTRACT This study aims to introduce a method to integrate and coordinate departments’ activities to
enhance the service quality of organizations using Quality Function Deployment (QFD). To this purpose,
the classical two-dimensional House Of Quality (HOQ) matrix is changed to a three-dimensional form
(3D-HOQ). The 3D-HOQ is applied to the marketing and Human Resources (HR) departments of a bank to
determine customers’ and employees’ demands, respectively. The 3D-HOQ is also employed to provide a
unique list of technical requirements to satisfy the identified demands. Obtaining a unique list of technical
requirements with the cooperation of both departments reduces the inconsistency between departments,
saves cost and time by preventing reworks and parallel works, and increases the organization’s efficiency.
Moreover, 3D-HOQ is combined with the SERVQUAL technique and fuzzy theory to determine the weight
of obtained technical requirements. The study is conducted in four main steps: 1) identifying the customers’
and employees’ demands; 2) identifying the technical requirements for simultaneous satisfaction of both
customers’ and employees’ demands; 3) determining the relationships between the technical requirements
and the identified demands; and 4) prioritizing technical requirements. Applying the 3D-HOQ resulted in
identifying 30 customers’ demands, 30 employees’ demands, and 50 technical requirements. The study
results show that ‘‘using new banking technologies’’ has the highest weight among the customers’ demands,
and ‘‘job security’’ has been found to have the highest weight among employees’ demands.Moreover, ‘‘Intra-
organizational processes automation’’ has been identified as the technical requirement with the highest
weight.

INDEX TERMS Customer service, fuzzy theory, house of quality, human resource, quality management,
SERVQUAL.

I. INTRODUCTION
The cooperation between different departments and their
operations is a challenge for today’s organizations, especially
large enterprises [1]. Using integrated models leads to more
effective utilization of the organization’s resources, prevents
inconsistency of operations, and saves cost and time by pre-
venting reworks and parallel works [2]. Integrated models
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cause better cooperation between departments and increase
knowledge sharing and knowledge integration between them.
Knowledge integration in organizations enhances knowl-
edge creation and enables them to sustainably maintain
their businesses [3]. Moreover, it increases the value of the
existing knowledge, avoids repeating past mistakes by shar-
ing experiences, and reduces the inconsistency between the
departments [4].
The aim of this study is to propose an integrated model

to align organizational actions between two departments and
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enhance their service quality using a modified version of
House Of Quality (HOQ). In this study, service quality is
defined as meeting or exceeding customer expectations [5].
The Quality Function Deployment (QFD) emphasizes rec-
ognizing the customers’ demands and identifying technical
requirements to satisfy these demands, using a 2-dimensional
matrix called HOQ (Bao and Li). This research proposes
a new version of HOQ named Three-Dimensional House
Of Quality (3D-HOQ) to integrate organizational actions
between two departments. To show the performance of
3D-HOQ, it is applied to themarketing andHumanResources
(HR) departments of an international bank. These two depart-
ments havemany scopes for cooperation [6]. One of themajor
functions of the marketing (or HR) department is recogniz-
ing customers’ (employees’) demands and identifying some
technical requirements to satisfy them to enhance the service
quality of the organization. Satisfying both customers’ and
employees’ demands have critical importance in each organi-
zation. It is necessary for organizations in the ever-changing
competitive market to formulate a comprehensive strategy
to respond to market changes and satisfy their customers’
demands in an efficient way [7]. On the other hand, the only
way to satisfy these demands is to encourage employees to
be more creative and committed to delivering high-quality
service [8]. Meeting the employees’ demands is critical in
enhancing their satisfaction, commitment, performance, and
creativity. The work environment and job satisfaction signifi-
cantly impact perceived quality by employees [8]. Therefore,
managers should focus on the demands of their employees in
addition to the demands of their customers.

The proposed 3D-HOQ model determines customers’ and
employees’ demands and prepares a unique list of technical
requirements to satisfy the determined demands. The weights
of technical requirements determine their implementation
priority in the organization. In 3D-HOQ, the weight of each
technical requirement is determined regarding its impact on
both departments.

Additionally, 3D-HOQ is combined with SERvice-
QUALity (SERVQUAL) analysis model and fuzzy theory.
The implementation of 3D-HOQ requires knowledge sharing
between marketing and HR departments about customers’
and employees’ demands, respectively.

The main research question (RQ) that the present study
intends to answer is as follows:

RQ: How should the technical requirements be prioritized
to enhance the quality of the marketing and HR departments
simultaneously?

The sub-questions (SQ) of this study are as follows:
SQ 1: what are the customers’ (or employees’) demands?
SQ 2: what is the importance of each identified customers’

(or employees’) demand?
SQ 3: what are the customers’ (or employees’) perceptions

and expectations of each demand?
SQ 4: what is the weight of each identified customers’

(or employees’) demand?

SQ 5: what technical requirements should be devised to
satisfy the demands of customers and employees?

SQ 6: what is the relationship between technical require-
ments and customers’ and employees’ demands?

The remainder of the paper is organized as follows. The
literature review is presented in section II. The methodol-
ogy is explained in section III. The results of implementing
the research steps in an international bank are presented in
section IV. Discussion and results interpretation are given in
section V. Finally, the conclusion and suggestions for future
research are presented in section VI.

II. LITERATURE REVIEW
QFD has been used in numerous research studies, and many
of these studies applied QFD to real-world case studies.
However, they differed from one another in QFD elements,
such as the identified demands of customers, the way their
weights are determined, and how QFD is combined with
other methods and techniques. First utilized in manufacturing
industries for product design, QFD has been implemented in
service-providing industries for more than twenty years. Sev-
eral types of service-providing industries have used QFD for
quality evaluation. For instance, QFD was used in hotel ser-
vices [5], [9], restaurants [10], airports and airlines [11], [12],
railroad transportation [13], supply chain management and
logistics [14], [15], healthcare services [16], [17], [18], power
supply [19], seniors [20], insurance [21], library [22], and
shipping industry [23].
A number of studies also used the QFD in the banking

industry. González et al. [24] used QFD in the banking indus-
try to increase the satisfaction of both internal and external
customers. Paltayian et al. [25] proposed a hybrid model
combining QFD and the Analytic Hierarchy Process (AHP)
to increase the quality level in the financial services context.
Pakizehkar et al. [26] discussed prioritizing the bank’s sub-
tractions by combining Kano’s model, the AHP technique,
and QFD. Kecek and Akinci [27] used QFD to increase
an insurance company’s customer satisfaction. Narteh [28]
used a combination of the SERVQUAL and the bank service
quality models to evaluate customer satisfaction in retail bank
benefits in Ghana, conceding the moderating role of price.

Whereas numerous researchers have used QFD in case
studies and real-world problems, some others tried to mod-
ify QFD or combine it with other quality management
techniques or change HOQ calculations. For instance, Gao
and Zhang [18] proposed a hybrid model based on QFD
and SERVQUAL in healthcare. Chowdhury and Quad-
dus [16] used a multi-phased 0-1 optimization model within
QFD to design healthcare services in Bangladesh. Huang
and Hsu [29] evaluated the service quality of interna-
tional distribution centers using the combined AHP and
QFD. Khorshidi et al. [13] used QFD and SERVQUAL to
improve the quality of services provided in trains. Using
QFD, SERVQUAL, the knapsack problem, fuzzy logic, and
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the Kano model, Vaziri and Beheshtinia [21] presented
an approach to improving life insurance service quality.
Pakizehkar et al. [26] identified and prioritized the demands
of customers who use the service of 50 banks in Iran. For this
purpose, they combined the Kano model and AHP with the
QFD matrix. Enrico et al. [30] added a dimension to QFD to
show the relation between two customers and one provider
or two providers and one customer. Shahin et al. [31] devel-
oped Enrico et al. [30] model by considering three indexes
of customer requirements, service design characteristics, and
service performance. Kayapınar and Erginel [11] adopted an
integrated approach based on fuzzy QFD and SERVQUAL
in order to evaluate the service quality of an airport. Using
QFD and AHP,Haq and Boddu [14] presented an ideal
solution for improving supply chain agility. Farokhnia and
Beheshtinia [2] developed the model to increase the quality
of services in an Iranian airport. Beheshtinia and Farzaneh
Azad [5] proposed a model based on QFD, SERVQUAL,
fuzzy logic, and the Kano model to improve the ser-
vice quality of hotels when budget constraints are consid-
ered. Ocampo et al. [32] proposed an integrated approach by
merging QFD with some Multi-Criteria Decision Making
(MCDM) techniques such as AHP, Decision making trial and
evaluation laboratory (DEMATEL), and Analytic Network
Process (ANP) along with fuzzy set theory. They proposed
approach was implemented in the Philippine meat processing
industry.

Altuntas and Kansu [33] combined SERVQUAL, QFD,
and Failure Modes and Effects Analysis (FMEA) for ser-
vice quality improvement in a public hospital in Turkey.
In their proposed approach, the score of severity and occur-
rence in FMEA is calculated based on the weight of the
patient demands and the gap between patients’ expectations
and perceptions, respectively. Haiyun et al. [34] evaluated
green supply chain management strategies using an inte-
grated approach. They proposed approach uses QFD and two
MCDM techniques, including Interval-Valued Intuitionistic
Fuzzy (IVIF) DEMATEL and IVIF Multi-Objective Opti-
mization by Ratio Analysis (MOORA). Kinker et al. [35]
employed QFD, fuzzy theory, and the Kanomodel to enhance
the quality of polytechnic education institutes. In the QFD
matrix, the national board of accreditation quality parame-
ters is ranked, considering their influence on service quality
factors. The proposed approach was implemented in six poly-
technic education institutes in India. Ahmadzadeh et al. [36]
used a three-phase QFD model to rank the critical success
factors in enterprise resources planning based on the enablers
of organizational agility. They implemented the proposed
method in the banking industry. After identifying the crit-
ical success factors of enterprise resources planning and
the enablers of organizational agility, an MCDM technique
named Decision-Making Trial and Evaluation Laboratory
(DEMATEL) is used to rank them. Finally, QFD model is
used to rank the influencing and influenced criteria. Vijaya
and Prabhu [37] used QFD to enhance the quality of banking
services in India. Dincer et al. [38] employed interval-valued

intuitionistic fuzzy sets (IVIFSs), DEMATEL and TOPSIS
methods, and QFD to enhance the quality of new service
development.

Torkayesh et al. [39] employed QFD and BWM to assess
the implementation of Industry 4.0 in the mobility sec-
tor. They merged the proposed method with a stratified
combined compromise solution under a fuzzy environment.
Karasan et al. [40] merged QFD with neutrosophic AHP and
DEMATEL methods to design products based on customer
needs. Zhang et al. [41] use QFD to consider users’ needs in
designing smart dining tables. Li and Zhang [42] combined
the fuzzy analytic hierarchy process method and QFD to
design intelligent medical delivery robots. Fang et al. [43]
employed fuzzy chance-constrained programming in QFD to
design products for multi-segment markets. Aydin et al. [44]
proposed a linear programming-based QFD to identify sus-
tainable policies in the apparel retailing industry. They used
Interval Valued Intuitionistic Fuzzy (IVIF) sets to consider
the ambiguines of problem parameters.

Literature review indicates that QFD is widely used to
identify customers’ needs and the technical requirements
that fulfill these needs. Additionally, some studies have pin-
pointed the need for human resources and the corresponding
technical requirements [45], [46], [47]. Yet, no study to date
has integrated these two aspects to formulate a unique list
of technical requirements that can simultaneously satisfy the
needs of both customers and human resources. To bridge
this gap, this study suggested adding an extra dimension to
the traditional HOQ matrix, resulting in a three-dimensional
(3D-HOQ) model. It is worth noting that implementing a
3D-HOQ necessitates cooperation and knowledge sharing
between the marketing and HR departments.

The contributions of this study can be summarized as
follows.

• Using QFD to identify customers’ and employees’
demands and determining a unique list of technical
requirements to satisfy the identified demands. In this
case, 3D-HOQ could be considered a knowledge-
sharing tool between departments.

• Combining 3D-HOQ with SERVQUAL technique and
the fuzzy theory to calculate the weights of customers’
and employees’ demands and eventually the technical
requirements (i.e., determining the priority of technical
requirements).

III. METHODOLOGY
In this study, the technical requirements for simultaneous
satisfaction of customers and employees in the banking
industry are obtained and prioritized using the 3D-HOQ,
SERVQUAL, and fuzzy theory. To respond to the research
questions presented in section I, the customers’ and employ-
ees’ demands in the banking industry are first identified,
and their weights are calculated using SERVQUAL analysis
and fuzzy logic. Eventually, the technical requirements for
satisfying both demands are identified. Finally, the technical
requirements are prioritized using 3D-HOQ.
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A. THE TOOLS USED
1) QFD
QFD is a multipurpose tool for quality planning, prod-
uct design, continuous product improvement, and decision-
making [5]. The most important matrix used in QFD is the
House of Quality (HOQ), which is also utilized in this study.
Different segments of HOQ are illustrated in Figure 1. The
customers’ demands (WHATs) are positioned on the left and
the technical specifications (HOWs), which should be imple-
mented to satisfy the customers’ demands, are on the top. The
relationship matrix is formed in themiddle, which determines
the type of relationship between each customer’s demand
and each technical specification. The obtained weights of the
demands are depicted on the right, and eventually, the goal
values, which are the weights of the technical specifications,
are positioned at the bottom.

FIGURE 1. The HOQ segmentations.

2) FUZZY THEORY
Zadeh [48] first introduced fuzzy theory intending to develop
an efficient model describing linguistic parameters’ vague
and ambiguous nature. Linguistic variables are not directly
and mathematically operable [5]. Therefore, in this research,
fuzzy logic is used for converting linguistic (qualitative) vari-
ables into mathematical (quantitative) calculations. For this
purpose, triangular fuzzy numbers are used because of their
ease of comprehension [49]. A triangular fuzzy number like
Ã = (a1, a2, a3) is has three components. a3 is the upper
bound, a1 is the lower bound, and a2 is the most likely value
of Ã. Suppose Ã = (a1, a2, a3) and B̃ = (b1, b2, b3) are
two triangular fuzzy numbers. Then, the mathematical oper-
ations between them could be performed using the following
equations.

Ã+ B̃ = (a1 + b1, a2 + b2, a3 + b3) (1)

Ã− B̃ = (a1 − b3, a2 − b2, a3 − b1) (2)

Ã× B̃ = (Min (a1b1, a1b3, a3b1, a3b3) ,

a2b2,Max (a1b1, a1b3, a3b1, a3b3)) (3)

Ã

B̃
= (Min

(
a1
b1

,
a1
b3

,
a3
b1

,
a3
b3

)
,

a2
b2

,Max
(
a1
b1

,
a1
b3

,
a3
b1

,
a3
b3

)
). (4)

In order to convert a fuzzy number into a crisp number
(defuzzification), Equation 5 is used in this study.

D(Ã) =
a1 + 4a2 + a3

6
(5)

3) SERVQUAL
SERVQUAL is one of the most popular approaches to mea-
suring service quality, used in many applications and devel-
opments in the service quality fields [50]. Various gaps are
discussed in SERVQUAL, such as knowledge, policy, com-
munication, delivery, and customer gaps. In this research, the
customer gap is considered to determine the gap between
customer perception and expectation of the bank in every
demand individually. In this case, SERVQUALmeasures ser-
vice quality based on a questionnaire that measures both the
customer expectations of service quality and their perceptions
of the service they receive [50]. The perceived quality is the
consumer’s judgment about a product or service’s overall
excellence or superiority [51]. The obtained values for cus-
tomers’ expectations and perceptions are used to determine
the improvement ratio of identified demands.

B. DATA COLLECTION
Three types of statistical samples are used in this study. The
first sample includes 385 customers, and the second includes
385 people of bank employees. The sizes of these two sam-
ples are obtained by the Cochran formula with an error of
5%. The third sample comprises 8 experts with more than
ten years of experience in the banking industry. Five types
of questionnaires, with details provided in Table 1, are used
in this study. All the questionnaires used in this study are
standard, and their validity has been confirmed [21]. The reli-
ability of all questionnaires is verified using Cronbach’s alpha
test. The values of Cronbach’s alpha for all questionnaires are
presented in Table 1.
In Questionnaires 1 to 4, Likert’s scale is used to define the

answer choices.
Due to the ambiguous nature of the linguistic variables

used in this study, triangular fuzzy numbers were used to
represent these variables. The scales, linguistic terms, and
associated fuzzy numbers were extracted from the litera-
ture [21]. The notations used in the questionnaires and their
corresponding fuzzy numbers are displayed in Table 2.

C. RESEARCH STEPS
To answer the research questions, the research steps are
illustrated in Figure 2. This figure shows that this research
comprises seven steps divided into two phases. In the first
phase, the demands of customers and employees are iden-
tified, and their final weights are calculated. The technical
requirements are identified in the second phase, and their final
weights are obtained. The mathematical notations used in this
study are presented in Table 3.
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TABLE 1. Types of questionnaires used in this study.

TABLE 2. Fuzzy scale for converting the linguistic variables of the questionnaires in the study.

FIGURE 2. Research steps.

Step 1: Identify the customers’ and employees’
demands (answer to sub-question 1)

The demands of the customers and employees in the bank-
ing industry are identified using the literature review and the
interviews with 385 random customers and 385 employees

from various branches of the cast study bank. The cus-
tomers are randomly selected from those who visited the
bank from October 2021 to December 2021 (385 random
customers from various bank branches). Using dialectical
inquiry, a group decision-making method with a sample of
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TABLE 3. List of notations.

experts, these demands are verified, categorized and some
of them are removed due to their overlaps, lower impotence,
or conflict issues.

Step 2: Determine the importance of the customers’
and employees’ demands (answer to sub-question 2)

Once the customers’ and the employees’ demands are
identified, their importance values are determined through
Questionnaires 1 and 3.

Step 3: Calculate the improvement ratio of the cus-
tomers’ and employees’ demands using the SERVQUAL
method (answer to sub-question 3)

The SERVQUAL method is used to calculate the gap
between the customers’ and employees’ perceptions and
expectations of each demand. The expected and perceived
quality levels of customers’ and employees’ demands are
determined using questionnaires 2 and 4. Then, the improve-
ment ratio of the ith customers’ demand is calculated
by Equation (6). Similarly, the improvement ratio of the
ith employees’ demand is obtained using Equation (7).

Ĩrci =
Ẽci
P̃ci

(6)

Ĩrei =
Ẽei
P̃ei

(7)

Step 4: Determine the final weight of the customers’
and employees’ demands (answer to sub-question 4)

In this step, using the results obtained from Step 2 (ques-
tionnaires 1 and 3) and Step 3 (questionnaires 2 and 4), the
demands’ total weights are determined. For this purpose,
Equations (8) and (9) are used to calculate the total weights
of the customers’ and the total weights of the employees’
demands, respectively. I ci and I ei are obtained using the first
and third questionnaires, respectively. In the first and third

questionnaires, the importance degree of each customer and
employee demand (obtained from the first step) are asked
from customers and employees, respectively.

The relative weights of the customers’ and the employees’
demands are obtained by Equations (10) and (11), respec-
tively. It is worth mentioning that the weight of customer
demand might be different from its importance degree [21].
Usually, the resource limitation of an organization does not
permit it to satisfy all the customer or employee demands
simultaneously. In general, the weight of each demand is
affected by the importance degree and the improvement ratio.

C̃c
i = Ĩ ci × (

Ẽci
P̃ci

) (8)

C̃e
i = Ĩ ei × (

Ẽei
P̃ei

) (9)

W c
i =

Cc
i

n1∑
i=1

Cc
i

(10)

W e
i =

Ce
i

n2∑
i=1

Ce
i

(11)

Step 5: Identify the technical requirements (answer to
sub-question 5)

The technical requirements for satisfying the customers’
and employees’ demands are identified using the brainstorm-
ing method with the experts. The technical requirements are
categorized into three groups:
■ First group: technical requirements, which only influ-

ence customers’ demands.
■ Second group: technical requirements, which only influ-

ence employees’ demands.
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■ Third group: technical requirements that influence cus-
tomers’ and employees’ demands.

Step 6: Form the 3D-HOQ (answer to sub-question 6)
The 3D-HOQ is formed as shown in Figure 3. Using the

expert’s opinions, the relationship matrix is formed between
the technical requirements and customers’ demands on the
one hand and between the technical requirements and the
employees’ demands on the other hand. The matrix has
three dimensions, shown by the X, Y, and Z axes, repre-
senting respectively the technical requirements, the employ-
ees’ demands, and the customers’ demands. The XY plane
shows the relationship matrix between the technical require-
ments and the employees’ demands, named the Employees’
Relationship Matrix (E-RM). In E-RM, the weights of the
technical requirements are calculated regarding the weights
of employees’ demands. The XZ plane shows the relation-
ship matrix between the technical requirements and cus-
tomers’ demands, named the Customers’ RelationshipMatrix
(C-RM). In C-RM, the weights of the technical requirements
are calculated regarding the weights of customers’ demands.
The types of relationships are defined using predetermined
notations, which are shown in Table 2, along with their cor-
responding fuzzy numbers.

Step 7: Calculate the total weights of the technical
requirements

Usually, simultaneous implementation of all the technical
requirements in an organization is impossible. In this case,
their implementation priorities are determined by calculating
the weight of technical requirements. Once the 3D-HOQ is
formed, the final and relative weights of the technical require-
ments are obtained, respectively, by Equations (12) and (13),
according to the demands and the relationship matrix. Where
Rcij(R

e
ij) is the relationship between the jth technical require-

ment, and the ith customers’ (employees’) demand.
A coefficient (α) is used to represent the relative impor-

tance of the customers’ demands compared with the employ-
ees’ demands, which is a number between 0 and 1. The
coefficient is determined according to the organization’s
strategies. The closer α it is to 1, the more the importance
of the customers’ demands compared with the employees’
demands and vice versa.

Aactivityj = α ×

n1∑
i=1

RcijW
c
i + (1 − α) ×

n2∑
i=1

ReijW
e
i (12)

W activity
j =

A
activity

j
m∑
j=1

A
activity

j

(13)

D. METHOD JUSTIFICATION
Implementing 3D-HOQ fosters cooperation and knowledge
sharing between the marketing and HR departments. This
can assist the managers of these departments in preventing
reworks and inconsistencies, thereby saving resources for

the organization. For instance, the technical requirement of
‘‘Developing and expanding e-banking systems’’ impacts
both customers’ and human resources’ demands. If these
departments use QFD separately, they might end up contract-
ingwith different suppliers to develop their e-banking system,
leading to potential inefficiencies and conflicts.

Moreover, utilizing 3D-HOQ allows more accurate iden-
tification of the weights of technical requirements and their
overall benefits for the organization. For instance, consider
three technical requirements A, B, and C. Technical require-
ment A only affects customers’ demands with a weight of
0.5, while technical requirement B solely impacts human
resources’ demands with a weight of 0.6. On the other hand,
technical requirement C influences both customers’ demands
(with a weight of 0.3) and human resources’ demands (with
a weight of 0.4). If QFD is implemented separately, technical
requirement A has a higher priority than C in the first QFD
matrix, and technical requirement B holds a higher priority
than C in the second QFD matrix. As a result, technical
requirement C does not receive priority for implementa-
tion in either scenario. However, if 3D-HOQ is utilized, the
total weights of technical requirements are calculated based
on their impacts on satisfying both customers’ and human
resources’ demands. In this case, technical requirement C,
with a total weight of 0.7, gains higher priority for implemen-
tation within the organization than technical requirements
A and B. In other words, it provides more benefits for the
organization.

This research also integrates SERVQUAL analysis with
QFD to more accurately determine the weight of each
demand. In this case, the weight of each customer (or human
resource) demand is calculated by multiplying its degree
of importance by the corresponding gap between customer
expectations and their perception of the quality level provided
by the organization. This gap is represented by a measure
called the improvement ratio.

To better clarify the role of SERVQUAL analysis, con-
sider two demands, D1 and D2, with importance degrees
of 4 and 3, respectively. Demand D1 has no gap between
customer expectation and perception, so its improvement
ratio is 1. However, demand D2 displays a gap between
the customers’ expectations and perceptions, denoted by an
improvement ratio of 2. In other words, the organization has
fallen short in delivering the expected quality level for this
demand.

If SERVQUAL analysis is not applied, D1, with a higher
importance degree, would havemore impact on increasing the
weight of the technical requirements that satisfy it. It would
thus have a better chance of drawing on the organization’s
resources for its fulfillment. However, when SERVQUAL
analysis is applied, demandD2 (with a weight of 6, calculated
as 3×2) gains a higher weight and is more likely to absorb the
organization’s resources for its satisfaction. In other words,
SERVQUAL analysis directs the organization’s resources to
satisfy the demands with a higher degree of importance and a
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FIGURE 3. 3D-HOQ structure.

TABLE 4. Customers’ demands.

larger gap between customer perception and expectation. This
approach helps the organization compensate for its shortcom-
ings in providing the expected quality level and helps reduce
customer and human resources dissatisfaction.

IV. THE CASE STUDY
Banks play an important role in economic systems and rela-
tionships, as they comprise a huge part of market liquidity.
In order to evaluate the performance of the proposed model,
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TABLE 5. Employees’ demands.

it is applied to a major bank that contains a vast network of
3400 branches. This section presents the results of applying
the research steps to the case study bank.

A. IDENTIFY THE CUSTOMERS’ AND
EMPLOYEES’ DEMANDS
As previously mentioned, the customers’ and employees’
demands are identified in this step. Through a combination
of customer and employee opinions, as well as a review of
the literature, 45 customer and 39 employee demands are
identified. The collected information was then reviewed by
experts to identify any overlapping or conflicting demands.
Finally, the 30 most crucial demands from each department
were selected and included in the corresponding question-
naires. Tables 4 and 5 display the final lists of customers’ and
employees’ demands, respectively.

B. DETERMINE THE IMPORTANCE OF THE CUSTOMERS’
AND EMPLOYEES’ DEMANDS
Using Likert’s scale, Questionnaires 3 and 1 are used to
determine the importance of the customers’ and employees’

demands, respectively. Tables 6 and 7 show the impor-
tance of the customers’ demands and employees’ demands,
respectively.

C. CALCULATE THE IMPROVEMENT RATIO OF THE
CUSTOMERS’ AND EMPLOYEES’ DEMANDS
USING THE SERVQUAL METHOD
The SERVQUAL questionnaire is used to determine the
gap between expected and perceived quality levels in each
demand. Questionnaires 2 and 4 are used to determine this
gap in customers’ and employees’ demands, respectively.
The improvement ratio of the customers’ and employees’
demands are obtained by Equations (6) and (7). The ratios
are presented in Tables 6 and 7, respectively.

D. DETERMINE THE FINAL WEIGHT OF THE CUSTOMERS’
AND EMPLOYEES’ DEMANDS
The demands’ total weights are calculated by Equations (8)
to (11). The obtained results for the customers’ and employ-
ees’ demands are shown in Tables 6 and 7, respectively.
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TABLE 6. Importance, improvement ratio, and final weight of the customers’ demands.

As shown in Table 6, the most important customers’
demands are A1, A3, A27, A2, and A5, respectively. More-
over, A28, A14, A18, A15, and A4 have the highest improve-
ment ratio, respectively. As can be seen in Table 6, A19,
A18, A13, A4, and A14 have the highest weights based on
customers’ opinions, respectively.

Regarding the employees’ demands, it is shown in Table 7
that B2, B1, B3, B7, and B28 have the highest importance
for employees. Results from the SERVQUAL questionnaire
suggest that in the HR department, the demands B16, B10,
B15, B11, and B30 have the greatest improvement ratios,
respectively. Finally, based on employees’ opinions, B9, B30,
B10, B27, and B11 gained the greatest total weights.

E. IDENTIFY THE TECHNICAL REQUIREMENTS
The technical requirements necessary for fulfilling both cus-
tomers’ and employees’ demands were identified with the
help of the experts, who also verified the final list. The
finalized list of technical requirements presents no conflicts
in terms of satisfying the needs of either customers or human
resources.The technical requirements and their notations are
shown in Table 8.

F. FORM THE 3D-HOQ MATRIX
Figures 4 and 5 show the customers’ relationship matrix and
employees’ relationship matrix, respectively.

G. CALCULATE THE TECHNICAL REQUIREMENTS’
TOTAL WEIGHTS
In the final step, the technical requirements’ total and relative
weights are obtained by Equations (12) and (13). It is assumed
in the calculations that α = 0.5, which means that the
customers’ demands and the employees’ demands have equal
importance. Table 9 shows the obtained weights for technical
requirements in three cases: 1) considering their effects only
on customers’ demands; 2) considering their effects only on
employees’ demands; 3) considering their effects on both
customers’ and human resource’s demands.

As shown in Table 9, the technical requirements C43, C38,
C18, C11, and C9 have the greatest weights, respectively,
if only the customers’ demands are considered. Moreover,
the technical requirements C19, C20, C5, C9, and C4 have the
greatest weights, respectively, if only employees’ demands
are considered. However, considering the impact of technical
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TABLE 7. Importance, improvement ratio, and final weight of the employees’ demands.

requirements on customers’ and employees’ demands, C20,
C19, C9, C18, and C5 have the top five priorities, respectively.

V. DISCUSSION AND RESULTS INTERPRETATION
In today’s competitive market, process integration is the
critical factor in reducing costs and increasing flexibility
and coordination between different departments in an orga-
nization. This study integrated and prioritized the technical
requirements for satisfying the customers’ and employees’
demands. The integrated model with a comprehensive view-
point guides managers toward assigning the limited budget
and resources of the organization to more effective technical
requirements with greater impacts on the whole organiza-
tions’ service quality. Organizations’ managers are usually
faced with financial limitations, and it is not possible to
implement all identified technical requirements. This makes
it challenging for organizations’ managers to select the appro-
priate technical requirements for implementation. In this
case, the technical requirements with a more significant
impact on the organization’s service quality should receive
a higher priority for implementation. In such circumstances,
a 3D-HOQ was proposed in this study to prioritize each

requirement by assigning them a weight. In general, the
weight of each technical requirement shows its priority for
implementation by the managers. In the proposed 3D-HOQ,
a technical requirement gains a higher weight if (1) it impacts
more identified demands, (2) it has a higher impact on the
identified demands in the relationship matrix, and (3) it
impacts demands with a higher relative weight.

This study showed that the 3D-HOQ provides a more reli-
able weight than traditional HOQ. The reason is that 3D-HOQ
considers the impact of each technical requirement on both
departments, while traditional HOQ considers its impact on
only one department. The results also indicate that if QFD is
implemented in each department separately, different weights
are obtained for the technical requirements compared to when
it is applied on integrated departures.

The results of this study also showed that ‘‘intra-
organizational processes automation’’ has the top priority
among the technical requirements. Business correspondence
and communication methods have changed drastically due
to rapid developments in technology. Many researchers
have studied the impact of ‘‘intra-organizational processes
automation’’, the results of which indicate that utilizing
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TABLE 8. Technical requirements for satisfying the customers’ and employees’ demands.

FIGURE 4. Customers’ relationship matrix.

new information and communication technologies in differ-
ent departments of an organization brings about accuracy
in business activities, increases efficiency, reduces errors in
recording information, helpsmake better decisions, facilitates

information exchange processes, improves the employees’
performance, and enhances customer satisfaction [52].

Results of the study also suggested that ‘‘simplification
of administrative measures’’ is the top second technical
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FIGURE 5. Employees’ relationship matrix.

TABLE 9. Total weights of the technical requirements.

requirement priority. The findings of other studies also show
that complex administrative and bureaucratic practices in
organizations hinder providing on-time services to customers,
influence the HR department, and result in administrative
corruption [53].

Analyzing the results also revealed that ‘‘Embracing new
opinions and ideas and giving financial rewards’’ is the top
third priority among the technical requirements. Lawler and
Porter’s study also supports this finding, as they argued that
job satisfaction theory signifies the profound impact of finan-
cial reward on employees’ job satisfaction [54].

VI. CONCLUSION AND SUGGESTIONS FOR
FUTURE RESEARCH
In this study, an integrated model was presented to prioritize
the technical requirements for simultaneously satisfying the
demands of customers and employees in the banking industry.
To achieve the goal of the study, a novel model was proposed
by combining the 3D-HOQ matrix, SERVQUAL, and fuzzy
logic. To better explain and test the model, a case study was
conducted on an international bank with a vast network of
branches. As a result of applying the proposed model to the
marketing and human resource departments of the studied
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bank, 30 customers’ demands, 30 employees’ demands,
and 50 technical requirements are identified. The analysis
of the results showed that ‘‘intra-organizational processes
automation’’, ‘‘simplification of administrative measures’’,
and ‘‘Embracing new opinions and ideas and giving financial
rewards’’ have the highest weight among all the 50 identi-
fied technical requirements, respectively. The results of the
study also suggested that ‘‘using new banking technologies
(e.g., mobile banking, ATMs, etc.)’’ has the highest weight
among the customers’ demands. Additionally, ‘‘job security’’
was found to have the highest weight among employees’
demands.

As for the practical implication, the introduced model
in this study helps departments integrate and coordinate
their activities to enhance the organization’s quality, pre-
vents inconsistency of operations in various departments,
and increases resource usage effectiveness. It also causes
cost and time-saving in the organization by preventing
reworks and parallel works and increasing efficiency in
the organization. Moreover, it increases knowledge and
experience sharing and knowledge integration between
departments.

This research also helps managers identify customers’ and
employees’ demands. The importance and improvement ratio
of the identified demands helps managers to concentrate on
the most critical demands. In addition, it helps the managers
to identify the technical requirements for satisfying these
demands. The weights obtained for the technical require-
ments help the managers assign the limited resources to more
appropriate technical requirements, having more impact on
their organizations’ service quality.

Future research might take advantage of the proposed
model in this study to improve the service quality in the
banking industry or other organizations by considering the
integration of the same or other departments. Moreover,
multi-criteria decision-making techniques could be utilized to
develop the model further and prioritize the demands. Adding
additional dimensions to the HOQ to cover more departments
could be considered as another scope for future research.
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