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Abstract. Today, the innovative activities of companies in new service development (NSD) have 
an undeniable contribution to the economic development of countries. Given the recent advances 
in the healthcare industry, the issue of NSD and performance management of firms operating in 
this industry has received special attention of researchers and decision makers. A review of previ-
ous research shows that on the one hand there is no agreement among experts on NSD perfor-
mance measurement criteria and on the other hand there has been no systematic framework that 
can measure and manage firm performance in this area. The proposed framework should allow 
for interaction between different decision makers, considering multiple and sometimes conflicting 
criteria. In this regard, this paper aimed to provide a framework to assess the NSD performance 
in healthcare industry using multiple-criteria-decision-making methods. The proposed model 
consists of 17 different criteria that have been identified and finalized based on previous studies 
as well as experts’ opinions. Then, the indicators are classified with the help of experts in the form 
of a balanced scorecard model and presented as an initial model. Due to internal relationships 
between criteria, this model was evaluated using interpretive structural modelling and modelled 
at 5 different levels. Then, the analytic network process approach was applied to determine criteria 
weights. Finally, new service development performance in Moheb hospital was evaluated through 
the framework proposed here. 
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Introduction

In today’s competitive global business world, services constitute a major part of total eco-
nomic activity and employment in most economies (De Jong & Vermeulen, 2003). There-
fore, the field of services has been introduced as one of the vital components of economic 
development and one of the most important drivers of sustainable development in countries 
(especially developed countries) (Ghani & O’Connel, 2014; Wamboye & Nyaronga, 2018). 
Due to this key role, today the development of services has not only been considered by 
researchers in this area, but also by policy makers and planners at different levels (organiza-
tion, industry and country).

The companies have found that their survival and continuity are linked to innovations in 
the development of new products and/or services that lead to increased number of customers 
and more satisfaction (Cowell, 1988; Kim & Meiren, 2010; Yeh et al., 2019). 

The share of the healthcare industry, and in particular the hospital services sector, in 
the service-related economy is growing rapidly (Behdioğlu et al., 2019). The development of 
information technology has played a major role in the development of health services (Chan 
& Kaufman, 2010). The impact of these technologies has been so significant that by 2013, 
more than 1,500 new services in this field have been introduced to the market (Fiordelli et al., 
2013). It can be boldly claimed that the healthcare industry in general is one of the most 
important areas for the development of new services and will have a significant impact on 
economic development, social welfare and job creation. These innovations have been used in 
various fields in the medical industry of countries, including innovation in service delivery, 
innovation in products, innovation in internal processes of hospitals, improving the quality 
of services and products, and the use of ideation platforms in hospitals. These innovations 
will have positive effects on the patients’ well-being, the quality of hospitals, the effectiveness 
of the insurance industry, as well as the economic development and social welfare (Elg et al., 
2012; Kriegel et al., 2013).

Along with the significant growth of services in the 21st century and globalization, the 
need to measure the performance, quality of service delivery, as well as their value position 
has even felt more (Tseng et al., 2015). Results obtained from effective performance evalua-
tion are very important and make significant contributions to the growth, development and 
competitiveness in a wide range of industries (Mikolajczyk & Schmid, 2005; Lai & Yuen, 
2019; Letina et  al., 2020). In particular, in the field of the development or new services/
products, the discussion of performance evaluation has been of great interest, and there are 
many different definitions and perspectives on its research focus.

However, through a review on the literature, we can find that researchers have put more 
focus on the investigation of new product development (NPD). Also, as the evidence sug-
gested, a variety of frameworks and models have been presented to assess the performance of 
the NPD process. However, there is no in-depth review for a new service development and 
only some studies only addressed factors affecting the service development process and its 
success (Shyu et al., 2012). On the other hand, previous researches in NSD area, focused on 
some industries such as hospitality and banking (Victorino et al., 2005; Tseng et al., 2015), 
while the healthcare industry has been under considered in the researches despite being 
one of the largest and fastest-growing industries in the world (Major, 2019; Lee et al., 2011). 
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Various reasons including great pressure to reduce service costs, competition for delivery of 
high quality, efforts to obtain certificates and governmental licenses, establishing a valid and 
reliable service brand and cooperation with other enterprises make it clear that there is a 
need for new service development in this industry (Price Waterhouse Cooper [PWC], 2014). 

Examining the research literature reveals that many different criteria have been proposed 
by several researchers for the performance evaluation of new service development. 

Due to the lack of agreement on these criteria and also the lack of a systematic process 
to manage the performance of healthcare industry organisations, the present study has tried 
to provide a framework to identify criteria appropriate to this industry and enable firms to 
measure performance so that their decision makers can better manage NSD-related issues.

Regarding insights provided by scholars and thinkers in this field, we can find out that 
there are a variety of financial and non-financial factors influencing performance evaluation 
of the development of a new service/product, which should be considered within the context 
of accurate assessment. The balanced score card (BSC) is a good technique that can be used 
to integrate different criteria. This model was developed by Kaplan and Norton as a perfor-
mance evaluation framework with four perspectives (Kaplan & Norton, 2005; Sartor, 2019): 
Financial, Customer, Internal Process, and Learning and Growth, with an acceptable coverage 
of individual criteria to evaluate new service/product development activities.

Considering the mentioned characteristics, four areas addressed in the balanced score-
card approach were considered to classify the identified criteria. On the other hand, some 
factors have made performance measurement a multi-criteria-decision-making (MCDM) 
problem including the multiplicity of criteria, which are sometimes conflicting and inde-
pendent, along with the multiplicity of decision makers who each have different priorities. 
Accordingly, a combination of interpretive structural modeling (ISM) and analytical net-
work process (ANP) has been proposed in order to form the desired framework. The ISM 
method allows the modeling of the relationship between the identified indicators. The ANP 
approach has been used to calculate the weights and the importance of the identified criteria 
by considering the extracted relationships. In order to show the feasibility of the proposed 
framework in the real world, this model has been applied to measure the performance of 
Moheb Hospital in the field of NSD.

In the first part of this article, the literature related to the development of new services 
has been reviewed and the related evaluation criteria have been extracted from the context of 
literature. In the next section, the research method and analysis of the findings are presented. 
In the fourth section, data analysis is presented and after explaining the case study, the data 
analysis process is fully described using two methods of ISM and ANP. In the discussion 
section, the results of the performed analyzes are provided, and finally in the last section, the 
conclusions and suggestions for future research are presented.

1. Literature review

NSD refers to a key strategic factor in creating value to enhance the profitability of existing 
customers and motivate prospects. This process involves a variety of practices, starting with 
the formulation of new service targets, followed by designing services and delivery and, ulti-
mately engaged in a full-scale implementation (Busagara et al., 2020; Kitsios & Kamariotou, 
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2020). In NSD, the term “new” is fuzzy in nature (Fitzsimmons & Fitzsimmons, 2006). From 
this perspective, new services require a new innovation; an item that has never existed. To put 
it on a more comprehensive definition, NSD deals with gradual innovations which include 
past services with some degrees (Fitzsimmons & Fitzsimmons, 2006; Kitsios & Kamariotou, 
2020; Lima & Teixeira, 2020; Liu et al., 2020). The growing pace of world-level services has 
led to an increased need to improve services performance and provide a higher quality. 
Obviously, the availability of a more accurate and comprehensive framework for assessing 
the NSD performance seems inevitable. Therefore, this study aims to provide a performance 
evaluation framework for new service development in the healthcare industry. 

A review of previous research presented in Table 1 shows that although several articles 
have been published in the field of evaluating the performance of the new product develop-
ment (NPD) process, the issue of NSD performance has not received much attention and 
only some articles with different goals (such as statistical analysis) have addressed some 
criteria and indicators.

As discussed in the Table 1, a large amount of previous research have been only focused 
on the evaluation and modelling of statistical relationships between criteria. Also, Exami-
nation of the above criteria shows that there is no agreement between researchers on the 
criteria for measuring NSD performance and therefore classifying the criteria in the form 
of an accepted approach such as a balanced scorecard can increase the acceptability of the 
proposed model. The BSC framework covers all the dimensions required for evaluation and 
has also been used in the studies reviewed in the literature (Dinçer & Yüksel, 2018).

On the other hand, a review of articles shows that researchers have been less likely to 
look for a model to measure and compare firm performance in the field of new service 
development; however, assessing the current situation allows for better management in this 
area. It is necessary to simultaneously pay attention to various criteria which are sometimes 
conflicting and have different importance from the perspective of different decision makers. 
In some cases, these criteria are also independent, some of which are qualitative and based 
on expert opinions. Hence, MCDM methods have been used in the areas such as NPD (Ying 
et al., 2018; Goswami et al., 2021). Due to the need to pay attention to the relationship be-
tween these criteria, approaches used in this area should consider interactions between the 
criteria in the process of determining the importance. The ANP method was introduced as 
one of the most well-known methods in this category by Saati (1996) and has been used in 
numerous studies. One of the main problems of this method is to determine the communi-
cation network between the criteria (Gölcük & Baykasoğlu, 2016) and for this reason, in this 
article, the ISM method has been used to form this network. 

2. Methodology

This research aims to provide a framework for assessing the NSD performance in the health-
care industry. To this end, the research procedures are carried out in four main steps. First, 
through a review of the theoretical and empirical research studies, the performance evalua-
tion criteria of the new service development are derived from the literature.
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Table 1. Literature review (methods and criteria)

References Methodology Criteria

(Cheng & 
Krumwiede, 
2012)

Statistical 
method 
(Mean, SD, 
etc.)

 – business profit
 – market share
 – return on investment
 – customer satisfaction
 – customer loyalty
 – brand equity value

(Storey & Kelly, 
2001)

Statistical 
method

A list of 15 criteria for performance evaluation of a new service 
development, including 

 – profit
 – sales
 – revenue
 – customer satisfaction
 – And so on.

(Lee et al., 2010) analytic 
network 
process (ANP)

 – Cost
 – potential turnover
 – likely profit
 – cost benefit analysis
 – revenue impact
 – Market benefits
 – client needs
 – global market needs
 – match competition
 – And so on.

(Blindenbach‐
Driessen et al., 
2010)

Statistical 
method

 – Adherence to Schedule
 – Adherence to Budget
 – Quality
 – Captured Knowledge
 – Adhering to Project Goals
 – Overall Satisfaction
 – Met Profit Goals
 – Met Revenue Goals
 – And so on.

(Bendoly et al., 
2012)

Statistical 
method 
(Regression)

 – coordinating marketing- production processes
 – supply chain coordination
 – information system capability
 – supply chain intelligence
 – market intelligence
 – market dynamisms

(Melton & 
Hartline, 2013)

Statistical 
method

 – sales
 – market share
 – profit margin
 – impact on other product sales
 – applicability
 – costs
 – reduced lag time from conceptualization to implementation
 – Reduced lag time from building prototype to implementation.

(Menor & Roth, 
2007)

Statistical 
method (path 
loadings, 
Correlation)

 – NSD process focus
 – Market acuity
 – NSD strategy
 – NSD culture
 – IT experience
 – NSD program performance
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References Methodology Criteria

(Menor & Roth, 
2008)

Statistical 
method 
(Mean, S D, 
Skewness, 
Kurtosis)

 – NSD process focus
 – Market acuity
 – NSD strategy
 – NSD culture
 – IT experience
 – NSD program performance

Each category consists of four sub-criteria, so a total of 28 sub-
criteria were defined for the performance evaluation

(Melton & 
Hartline, 2010)

Statistical 
method 
(Factor 
Analysis, 
t-Value)

Two categories of sales performance and effective 
implementation and six sub-criteria, including:

 – Sales
 – market share
 – profit margin
 – reduction in costs
 – reduced lag time in design
 – decreased lag time in service delivery

(Storey & 
Hughes, 2013)

Statistical 
method 
(Correlation, 
Regression)

 – NSD capability
 – Learning culture
 – Entrepreneurial culture
 – Strategic orientation
 – Controls
 – numbers of new service, and success rate of projects
 – firm size

(Weng & 
Huang, 2012)

Factor analysis 
by AMOS 5.0

 – ability to integrate customer knowledge
 – ability to capture knowledge by customers
 – customer communication capabilities
 – the ability to create knowledge by customers

(Jiménez-Zarco 
et al., 2011)

Statistical 
method 
(Mean, S D, 
ANOVA, 
Coefficient)

 – Client and marketing fit
 – Equipment-based service
 – Market competitiveness
 – Service newness to firm
 – Service expertise
 – Service customization
 – Service superiority/innovativeness
 – Formal NSD process
 – Respond to demand cycle
 – Satisfied with current service
 – Effective NSD culture
 – Long-term client relationships
 – Market size
 – Customer participation
 – Service process uniformity

(Kriegel et al., 
2013)

Statistical 
methods

 – Product
 – Price
 – Process
 – People

End of Table 1
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Then, with the aim of creating a suitable model for measuring NSD performance, ex-
perts were asked to categorize these criteria in the form of four common aspects of the BSC 
approach. In order to localize the criteria and coordinate them with the characteristics of 
the healthcare industry, these criteria were provided to members of the panel of industry 
experts. The panel consisted of health industry managers who, on the one hand, had more 
than 15 years of work experience in the hospital and, on the other hand, were familiar with 
the concepts of new product and service development through academic education in fields 
such as entrepreneurship and technology management.

As the finalized criteria are related to each other, changes in a given criteria and im-
provements of its status can lead to changes in others. To put it differently, the criteria used 
to evaluate the performance of new service development are related to each other and the 
assessment of degrees of driving power and dependency of every criteria is required. Now, 
due to the multiplicity of criteria, ISM is used in this study to accurately identify these rela-
tionships and to distinguish effective criteria from affecting criteria

Due to the need to assess the relationships between final evaluation criteria and to design 
the evaluation model, an interpretive structural modelling analysis is used to specify the 
performance evaluation model and to determine their relationships. Since, different criteria 
do not have similar and equal effect on successful performance, so the third stage deals with 
weighting each criterion.

To measure relationships between the criteria using the ISM approach, a group consisting 
of ten experts and specialist managers are chosen from hospitals of Tehran. Interviews are 
used for data collection to propose an interpretive structural model. In this case, each expert 
is interviewed and the relationship matrix for criteria is developed accordingly. The experts 
are selected using the snowball sampling from experienced senior managers in the field of 
hospital service development. Interviews took approximately 2–3 hours. As the relationship 
matrix developed, the experts’ opinions are to be aggregated as a matrix. For this regard, 
relations with agreement scores of higher than the average are confirmed, while those with 
the degree of lower-than-average agreement are rejected. Then, using the Boolean algebra, 
the final matrix is proposed to obtain the ISM model. Because of interrelationships between 
the criteria and their interdependence, the analytical network process (ANP) is applied to cal-
culate criteria weights. This process is carried out by using the Super Decision software, with 
the participation of the selected panel of experts. To this end, the relationships obtained in 
the ISM technique are implemented in a hierarchical analysis process in order to be evaluated 
by the experts, so the final weight of all criteria are determined. In this stage, three experts 
are chosen by general consensus among experts that engaged in ISM matrix developing stage 
to achieve the best and most accurate opinions on the importance of criteria. The arithmetic 
mean of expert opinions is determined and aggregated. At the fourth step, the NSD perfor-
mance at Moheb Hospital is measured as a case study using the framework proposed here. 
This hospital is selected as the case study because of its experience in new services develop-
ment. Since its founding, it has been operating towards service development which has been 
defined as an organizational strategy. Long-term experiences of the hospital in providing 
new services and also the need to assess the outcomes of its new development service pro-
cess are other reasons to select this case. The reports, documents and expert opinions are 
collected from all people involved in the process of new service development in this Hospital.  
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Several periodic meetings were held with people directly engaged in the process of new 
service development called the Moheb Thought Room. In the meetings, the service develop-
ment process is followed from Idea generation to service lunch and each person has explicit 
specialization with particular steps of that process. This study takes benefits from opinions of 
all participators and documentation from internal assessments of the hospital. The research 
procedures are summarized in Figure 1.

3. Data analysis

However, the main objective of this paper is to evaluate outcomes of the new service develop-
ment process after a three to five-year timeline in a given hospital/health centre. To this end, 
Moheb Hospital is selected as the case study and the performance results obtained from a 
three-year period time are evaluated for the development of new services. 

Moheb is the name of a hospital in Iran that has good experience in developing services 
and products. Some of the important practices of this hospital in order to develop new ser-
vices are summarized below:

 – Designing a think tank to develop new services;
 – Providing an ideation platform for service development among employees;
 – Providing a Customer Relationship Platform to review comments, suggestions and 
criticisms regarding new hospital services;

 – Providing insurance services online or with self-service devices;
 – Providing imaging services for children in a childish and gamification atmosphere;
 – Providing entertainment services for inpatients;
 – Providing remote services and online booking of doctor’s appointment;
 – Providing test results and their analysis online.

According to the first stage of the research procedure already described, the criteria for 
performance evaluation of new service development are extracted through the literature re-
view. Then, using the opinions of experts in the field of hospital service development, the 
selected criteria are finalized and categorized as the balanced scorecard model. These criteria 
are shown in Table 2.

Figure 1. Research procedures



Technological and Economic Development of Economy, 2021, 27(6): 1481–1508 1489

Table 2. List of final criteria

No. Criteria Code Sub-criteria definition References

1 Financial

C1
Sales1 and 
new service 
delivery

How much has been the hos-
pital’s new services delivery 
rate over the past three years?

(Kriegel et al., 2013; Storey 
& Hughes, 2013; Kitsios & 
Grigoroudis, 2020) 

C2

Profit (from 
new services)

How much has been the hos-
pital’s profit from new service 
deliveries over the past three 
years?

(Blindenbach‐Driessen et al., 
2010; Cheng & Krumwiede, 
2012; Lee et al., 2010; 
Melton & Hartline, 2010; 
Menor & Roth, 2008; Storey 
& Kelly, 2001; Lin & Hsieh, 
2011; Dinçer & Yüksel, 
2018)

C3

Market share 
(increased in 
exchange for 
new services)

How much the new services 
increased the hospital mar-
ket share over the past three 
years?

(Blindenbach‐Driessen et al., 
2010; Cheng & Krumwiede, 
2012; Melton & Hartline, 
2010, 2013; Storey & Kelly, 
2001; Tseng et al., 2015)

C4
Revenues 
from new 
service

How much has been the hos-
pital’s revenues from new ser-
vice deliveries over the past 
three years?

(Bendoly et al., 2012; 
Blindenbach‐Driessen et al., 
2010)

C5
Return on 
investment 
(from new 
services)

How much has been the hos-
pital’s return on investment 
from new service deliveries 
over the past three years?

(Storey & Kelly, 2001)

C6

Implementa-
tion costs 
(new Service)

How much has been the 
Implementation costs of the 
hospital’s new services over 
the past three years?

(Storey & Kelly, 2001; 
Blindenbach‐Driessen et al., 
2010; Lee et al., 2010; Cheng 
& Krumwiede, 2012; Wang 
& Tang, 2012)

2 Customer

C7
Customer 
satisfaction 
(from New 
Services)

How much the new services 
increased the hospital’s cus-
tomer satisfaction over the 
past three years?

(Storey & Kelly, 2001; Menor 
& Roth, 2008; Blindenbach‐
Driessen et al., 2010; Melton 
& Hartline, 2010)

C8
Customer 
loyalty (from 
new services)

How much the new services 
increased the hospital’s cus-
tomer loyalty over the past 
three years?

(Cheng & Krumwiede, 2012)

C9
brand value 
(from new 
services)

How much the new services 
increased the hospital’s brand 
value over the past three 
years?

(Blindenbach‐Driessen et al., 
2010; Cheng & Krumwiede, 
2012; Dinçer & Yüksel, 
2018)

C10

New 
customer 
attraction 
(from new 
service)

How much the new services 
increased the rate of the hos-
pital’s customer attraction 
over the past three years?

(Storey & Kelly, 2001)

C16

General 
service 
status over 
competitors

How much the hospital gen-
eral service status has been 
improved against the great-
est competitors (The greatest 
competitor over the past three 
years)?

(Menor & Roth, 2008)
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No. Criteria Code Sub-criteria definition References

3 Internal 
Processes

C11

Reduced lag 
time and ef-
fective imple-
mentation

How much the hospital’s 
speed of new services imple-
mentation has been increased 
in this period?

(Storey & Kelly, 2001; 
Lee et al., 2010; Melton & 
Hartline, 2010; Cheng & 
Krumwiede, 2012; Shyu 
et al., 2012; Wang & Tang, 
2012; Dinçer & Yüksel, 
2018)

C12

Service 
applicability 
(new service 
delivery)

How much the hospital’s new 
services has been applicable 
and practical over the past 
three years?

(Menor & Roth, 2008)

C13

Quality 
of service 
(new service 
delivery)

How much the hospital’s new 
service quality has been im-
proved over the past three 
years?

(Blindenbach‐Driessen et al., 
2010)

C18

Speed of 
service 
development 
against 
competitors

How much the hospital’s new 
service speed has been in-
creased against the competi-
tors over the past three years?

(Menor & Roth, 2008; 
Cheng et al., 2020)

4 Learning 
and Growth

C14

Creating a 
competitive 
advantage

How much the hospital’s new 
services has led to competi-
tive advantage over the past 
three years?

(Blindenbach‐Driessen et al., 
2010)

C15

Knowledge 
gained from 
new service 
process

How much has been the 
Knowledge gained from new 
service process over the past 
three years?

(Blindenbach‐Driessen et al., 
2010; Tseng et al., 2015)

C17

Percent of 
successful 
projects 
(new service 
projects)

How much has been the 
Percent of successful projects 
over the past three years?

(Menor & Roth, 2008; Storey 
& Hughes, 2013; Storey & 
Kelly, 2001; Tseng et al., 
2015)

Note: 1Number of patient that use from new services such as new ultrasound machine.

As the final criteria are determined, this section describes the results obtained from the 
ISM, ANP, and provides the performance evaluation framework for new service development 
in the healthcare industry. Then, the performance of new service developments at Moheb 
Hospital is evaluated based on the model proposed here.

3.1. Self-Interaction matrix from expert opinions

After the experts were interviewed about new service developments in the healthcare indus-
try, people with ability to provide accurate views on designing the performance evaluation 
framework for new service development were identified by using the Snowball sampling 
technique. This group included managers in different hospitals in Tehran city, and profes-
sional practitioners involved in the new service development activities. Through interviews 
with these experts in order to complete the self-interaction matrix from the criteria, their 

End of Table 2



Technological and Economic Development of Economy, 2021, 27(6): 1481–1508 1491

views were aggregated and the final self-interaction matrix of performance evaluation criteria 
was established (see Appendix for description of ISM methodology).

As collected via individual interviews, the opinions of experts are to be initially aggre-
gated. To do this, expert matrices are evaluated and those relations with the degree of high-
er-than-average agreement are approved. However, relations with agreement scores of less 
than the average are rejected. Then, the areas under and over the matrix diameter are aggre-
gated, presented as X, V and A in Table 3. Table 3 illustrates the expert matrix for designing 
an interpretive structural modelling analysis. 

For example, criteria 1 will affect on criteria 3, 7, 8, 10, 12, 13 and 14 (has been shown 
with A); and criteria 2, 4 and 5 will effect on criteria 1 (has been shown with V). Criteria 1 has 
no relationship with criteria 6, 9, 11, 15, 16, 17 and 18 (has been shown with O). Criteria 3  
has two-sided relationship with criteria 9 and 10 (has been shown with X). According to 
these parameters (has been shown in Table 3), Table 4 has been obtained by binary numbers 
for extracting the ISM construction. 

When the initial access matrix achieved, its internal consistency must be held. If Variable 
1, for example, leads to Variable 2 and Variable 2 also leads to Variable 3, then Variable 1 
have to lead to Variable 3. The lack of this relation requires to modify the matrix to replace 
missing relationships. To do this, the Boolean matrix multiplication is used. Table 5 shows 
the output of the Boolean multiplication access matrix. The matrix navigated the learned path 
five times to obtain a robust stability (Azar et al., 2010). For cells where 1 follows the star, it 
shows relationships that have been added after the matrix is matched.

Table 3. A structural self-interaction matrix to achieve internal relationships of variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 V A V V O A A O A O A A A O O O O
2 A A V A O A O O O O O O O O A O
3 O O O A A X X O O A V O A O O
4 V O A O O A O O O A O A A O
5 O A A O A A O O A O A A O
6 O O O O O O O A O A O O
7 V V V A A A V O O O O
8 V O O A A O O O O O
9 X A O A X A O A O

10 O A A A O A O A
11 O O V A V O X
12 V V X X A O
13 V A A X O
14 O A A A
15 X X V
16 O A
17 O
18



1492 J. Heidary Dahooie et al. A novel performance evaluation framework for new service development ...

Table 4. A structural self-interaction matrix for ISM construction

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
3 1 1 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0
4 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
7 1 0 1 1 1 0 1 1 1 1 0 0 0 1 0 0 0 0
8 1 1 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0
9 0 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0

10 1 0 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0
11 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 1 0 1
12 1 0 0 0 0 0 1 1 0 1 0 1 1 1 1 1 0 0
13 1 0 1 0 0 0 1 1 1 1 0 0 1 1 0 0 1 0
14 1 0 0 1 1 1 0 0 1 1 0 0 0 1 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1
16 0 0 1 1 1 1 0 0 0 1 0 1 1 1 1 1 0 0
17 0 1 0 1 1 0 0 0 1 0 0 1 1 1 1 0 1 0
18 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 1

Table 5. SSIM of research variables for ISM design

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Driving 
power

1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4
2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2
3 1 1 1* 1* 1* 1* 1* 1 1 1* 1* 1* 1 1* 1* 1* 1* 18
4 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 0 1 0 0 0 1* 0 0 0 0 0 0 0 0 0 0 0 3
7 1 1* 1 1 1 1* 1 1 1 1* 1* 1* 1 1* 1* 1* 1* 18
8 1 1 1 1* 1 1* 1* 1 1* 1* 1* 1* 1* 1* 1* 1* 1* 18
9 1* 1* 1 1* 1* 1* 1* 1* 1 1* 1* 1* 1 1* 1* 1* 1* 18

10 1 1* 1 1 1 1* 1* 1* 1 1* 1* 1* 1* 1* 1* 1* 1* 18
11 1* 1* 1* 1* 1 1* 1 1* 1* 1* 1* 1* 1 1* 1 1* 1 18
12 1 1* 1* 1* 1* 1* 1 1 1* 1 1* 1 1 1 1 1* 1* 18
13 1 1* 1 1* 1* 1* 1 1 1 1 1* 1* 1 1* 1* 1 1* 18
14 1 1* 1* 1 1 1 1* 1* 1 1 1* 1* 1* 1* 1* 1* 1* 18
15 1* 1* 1* 1* 1* 1* 1* 1* 1* 1* 1 1 1 1* 1 1 1 18
16 1* 1* 1 1 1 1 1* 1* 1* 1 1* 1 1 1 1 1* 1* 18
17 1* 1 1* 1 1 1* 1* 1* 1 1* 1* 1 1 1 1 1* 1* 18
18 1* 1* 1* 1* 1* 1* 1* 1* 1* 1 1 1* 1* 1 1* 1 1* 18

Dependence 14 17 13 15 17 14 14 13 13 13 13 13 13 13 13 13 13 13
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3.2. Determining criteria levels and priorities 

Based on the performance evaluation criteria for new service development and the final 
matrix derived from the expert analysis, the levels associated with each criterion are to be 
studied and analysed. As described in the ISM analysis, different levels of the model have 
been analysed. In this line, the cause and effect criteria related to each criterion are identi-
fied and then prioritized based on the methodology of interpretive structural modelling 
(Figure 2). Table 6 shows the levels of these criteria. As it can be found, Criterion 5 (return 
on investment) is placed at the first level; i.e., the highest position in the model. Criteria 3, 
7–18 are ranked at the lowest positions in the model and obtained the fifth level.

3.3. Criteria weighting and prioritize using ANP

In this section, the criteria derived from the ISM analysis are weighted by the hierarchical 
analysis process. In addition, the relative importance of each criterion is also determined. 
Compared to other MADM techniques, the reason for the application of ANP arises from 
internal relationships of variables. In this line, evaluation criteria for NSD performance are 
grouped using a balanced scorecard model, and the weighting values are calculated through 
the ANP method. Here, expert opinions and the research questionnaire were employed for 
weighting the criteria. 

Figure 2. Final performance evaluation model for new service development  
in healthcare industry using ISM
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Table 6. Levels assigned to criteria

Code Criteria Criteria level in model

5 Return on investment Level 1
2 Profit Level 2
4 Revenues from new service

Level 3
6 Implementation costs
1 Sales and new service delivery Level 4
3 Market share

Level 5

7 Customer satisfaction
8 Customer loyalty
9 brand value

10 New customer attraction
11 Reduced lag time and effective implementation
12 Service applicability
13 Quality of service
14 Creating a competitive advantage
15 Knowledge gained from new service process
16 General service status over competitors
17 Percent of successful projects
18 Rate of service development against competitors

Table 2 shows the categorization on these criteria (see Appendix for description of ANP 
methodology).

Accordingly, Figure 3 shows the relationship network model by relationships obtained 
from the ISM analysis. This model is known as the analytical network process (ANP) struc-
ture. The structure has four types of relationship: between strategic objective with model 
dimensions (IW21), between dimensions with model dimensions (IW22), between model 
dimensions and criteria (IW32) and mutual relationship of criteria (IW33).

First, in order to assess the importance and weighting of the criteria by using the ANP 
method, a research questionnaire is designed based on the relationships between the criteria. 
Then, it is completed by an expert panel consisting of three experts of NSD in healthcare 
field; all of them are managers of different hospitals in Tehran. 

When the completed questionnaires received, the model derived from the ISM analysis 
is plotted in the Super Decision software environment. The aggregated opinions from each 
working groups are also identified in the software environment and the analysis required for 
each group is obtained. The output shows three main parts; unweighted inhomogeneous, 
weighted super matrices, dimensional weights, and variable weights. The weighting values 
of each criterion based on the first to third working groups, as well as the mean weighted 
values are shown in Table 7. Moreover, geometric mean values are used to calculate initial 
weights of the criteria.
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Table 7. Weighted matrix based on expert opinions
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D1 0.1619

C1 Sales and new service delivery 0.0196 0.0218 0.2562 0.0222
C2 Profit 0.0446 0.0500 0.0506 0.0483
C3 Market share 0.0972 0.0984 0.0837 0.0927
C4 Revenues from new service 0.0227 0.0253 0.0375 0.0278
C5 Return on investment 0.0934 0.0953 0.0978 0.0955
C6 Implementation costs 0.0060 0.0066 0.0063 0.0063

D2 0.4923

C7 Customer satisfaction 0.0240 0.0396 0.0237 0.0282
C8 Customer loyalty 0.0023 0.0097 0.0124 0.0065
C9 brand value 0.3428 0.2912 0.2924 0.3079

C10 New customer attraction 0.2610 0.2613 0.2720 0.2647
C16 General service status 0.0004 0.0008 0.0012 0.0007

D3 0.1899

C11 Reduced lag time and 
effectiveness implementation

0.0004 0.0006 0.0011 0.0006

C12 Service applicability 0.0034 0.0028 0.0039 0.0033
C13 Quality of service 0.0061 0.0083 0.0097 0.0078
C18 Rate of service development 0.0002 0.0003 0.0002 0.0002

D4 0.1453

C14 Creating a competitive 
advantage

0.0744 0.0857 0.0790 0.0796

C15 Knowledge gained from new 
service process

0.0002 0.0007 0.0002 0.0003

C17 Percent of successful projects 0.0009 0.0013 0.0027 0.0014

Figure 3. ANP structure
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After calculating the geometric mean from the initial weights of all criteria, the weights of 
sub-criteria are to be normalized within each category. Then, the weight of each dimension 
is multiplied by the normalized weight of the criteria and so the final weights are obtained. 

Table 8 shows the values of dimensional weights, normalized weight of sub-criteria, and 
final weight of the sub-criteria. 

Table 8. Final weights and normalized weights based on expert opinions

Dimension 
weights Criteria Criteria name Mean of initial 

normal weight
Final 

weight Ranking

D1 0.1619

C1 Sales and new service delivery 0.07579 0.01227 11
C2 Profit 0.16507 0.02672 8
C3 Market share 0.31646 0.05123 7
C4 Revenues from new service 0.09509 0.01539 10
C5 Return on investment 0.32588 0.05276 5
C6 Implementation costs 0.02168 0.00351 15

D2 0.4923

C7 Customer satisfaction 0.04643 0.02286 9
C8 Customer loyalty 0.01071 0.00527 13
C9 brand value 0.50631 0.24928 1

C10 New customer attraction 0.43534 0.21434 2
C16 General service status 0.00119 0.00058 17

D3 0.1899

C11 Reduced lag time and 
effectiveness implementation 0.05299 0.01006 12

C12 Service applicability 0.2756 0.05234 6
C13 Quality of service 0.65247 0.12391 4
C18 Rate of service development 0.01891 0.00359 14

D4 0.1453

C14 Creating a competitive 
advantage 0.97817 0.14215 3

C15 Knowledge gained from new 
service process 0.00373 0.00054 18

C17 Percent of successful projects 0.01809 0.00263 16

4. Discussion

In this section, the results of previous step in Moheb hospital are discussed first. With regard 
to the average weights obtained in Table 8, the priority of each criterion is identified among 
all criteria within the performance evaluation model of new service development in the 
healthcare industry, according to the opinion of experts. As it can be seen in Table 8, the most 
important category is customer-related measures (approximate weight of 0.49); this means 
that the customer’s insight for the success of a new service is of great importance. The same 
result was previously explained (Blindenbach‐Driessen et al., 2010; Storey & Kelly, 2001). In 
this category, the most important criterion – brand value (C9) – has an approximate weight 
of 0.24. With a very small margin from the first, the second most important criterion associ-
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ates with the criterion of new customer attraction (C10) with an approximate weight of 0.21. 
However, the next two criteria are creating of a competitive advantage (C14) and the quality 
of service (C13), with similar weighting values by 0.14 and 0.12, respectively. These criteria 
are covered at two categories of learning and growth, internal processes.

Now, it is necessary to assess the current conditions of all criteria in the hospital. To this 
end, the authors collected the views of all individuals involved in the NSD process in this 
hospital, as well as new service performance reports and documents provided by the Moheb 
hospital during a three-year period. The development process of new services in this hospital 
is organized as a group called the Thought Room. 

In order to measure the performance criteria of new service development in the hospital 
under study based on the opinions from all people involved in the Thought Room, each 
criterion is assigned a number in the range of 0–100. The radar chart shown in Figure 4 il-
lustrates the status of the hospital for each criteria of the model. The criteria in each category 
are marked with a separated colour. This chart indicates that the status of the new service 
development performance in Moheb hospital is moderate. The minimum performance rating 
assigned to the criteria is 45.8%, corresponding to the percentage of successful projects in 
this hospital over the past three years; the while the maximum score of 59.5% is allocated to 
the knowledge gained from the new service process. Such a high rate is related to the proper 
knowledge management at the hospital level.

Figure 4. Radar chart for hospital performance in terms of model criteria
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Now, by examining the existing situation and integrating the model with the weighting 
values obtained from the hierarchical analysis method, the overall performance of the hos-
pital is measured for each criterion. Since the performance evaluation is scaled from zero 
to 100, the weights are multiplied by 100 and also measured at a scale of 0 to 100. Table 9 
shows how to calculate this score for the performance of the Moheb Hospital. In this case, the 
weight of each criterion is multiplied by the score achieved and then all scores are summed. 
The output is a number from 0 and 100, which represents the ultimate score for the hospital’s 
performance. Table 9 shows how the final score of hospital status has been obtained.

Table 9. Hospital status for each criterion

Criteria Criteria name Final 
weight

A = 
Weights*100

B = Criteria 
score (from 

Moheb Thought 
Room)

A*B Final 
score

D1

C1 Sales and new service 
delivery 0.01227 1.227 50.3 61.7181

SU
M

(A
*B

)/
10

0

C2 Profit 0.02673 2.673 50 133.65

C3 Market share 0.05124 5.124 49.8 255.1752

C4 Revenues from new 
service 0.0154 1.540 49.2 75.768

C5 Return on investment 0.05276 5.276 52.1 274.8796

C6 Implementation costs 0.00351 0.351 46.8 16.4268

D2

C7 Customer satisfaction 0.02286 2.286 52 118.872

C8 Customer loyalty 0.00528 0.528 57.8 30.5184

C9 brand value 0.24929 24.929 56.6 1410.9814

C10 New customer 
attraction 0.21434 21.434 57.8 1238.8852

C16 General service status 0.00059 0.059 52.1 3.0739

D3

C11
Reduced lag time 
and effectiveness 
implementation

0.01007 1.007 49.1 49.4437

C12 Service applicability 0.05234 5.234 49.6 259.6064

C13 Quality of service 0.12392 12.392 53.7 665.4504

C18 Rate of service 
development 0.00359 0.359 48.3 17.3397

D4

C14
Creating a 
competitive 
advantage

0.14215 14.215 57.1 811.6765

C15
Knowledge gained 
from new service 
process

0.00054 0.054 59.8 3.2292

C17 Percent of successful 
projects

0.00263 0.263 45.8 12.0454

SUM (A*B) 5438.73
The final score of the performance of the NSD in Moheb hospital 54.38
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Given that the performance of Moheb Hospital was measured as a pilot project, the score 
obtained for this hospital was evaluated in the given range. The performance of Moheb Hos-
pital is 54.38 out of 100 points.

Figure 5 shows the status of Moheb Hospital in terms of performance evaluation criteria 
for new service development in the healthcare industry. In this figure, the performance of the 
hospital in each criterion is shown on the vertical axis, whereas the importance of each crite-
rion (based on the weight calculated for that criterion) is determined on the horizontal axis. 
Data related to each criterion are derived from the two columns of Final weight and Criteria 
score shown in Table 9. Given that the highest and the lowest score of importance (weight 
of the criteria) are approximately 0.25 and zero, respectively; the horizontal axis covers the 
distance between these two values. On the other hand, given that the service development 
performance score is between zero and 100, the vertical axis covers this range.

As shown in Figure  5, the four criteria of brand value (C9), new customer attraction 
(C10), creating of competitive advantage (C14) and the quality of services (C13) are placed 
in Part 1. Since this category of criteria has a more relative importance in terms of perfor-
mance evaluation for new service development, so if the organization focuses on improving 
the status of these criteria, more effectiveness will be achieved. Considering that the perfor-
mance of Moheb hospital based on these criteria is at an approximately moderate level; in the 
later stages, it is necessary to plan more precisely in order to improve hospital performance 
based on these criteria. To this end, investment should be done appropriately to define and 
implement improvement projects.

Figure 5. Hospital performance framework for new service development
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Conclusions

Undoubtedly, services have a significant share in the economic development of different 
countries, especially developing countries. Accordingly, the issue of developing new services 
is one of the most important concerns of policy makers in the national industry and manag-
ers at the enterprise level. New service development refers to a key strategic factor in creating 
value to enhance the profitability of existing customers and motivate prospects. As one of 
the largest and fastest-growing industries, the healthcare industry has no exception. Since 
the development of new services and/or products is created through a variety of perspec-
tives and methods, the performance evaluation and success assessment of a new service/
product development is very important. The most important achievement of this research 
is the provision of a framework for measuring NSD performance. Therefore, it was tried to 
integrate the various criteria mentioned in previous research and to categorize them in the 
form of an agreed approach such as BSC. Then, these criteria were localized with the help 
of managers and experts in the healthcare industry. In order to explain how to apply this 
framework in practice, we tried to implement the introduced steps in the form of a case 
study (Moheb Hospital).

Accordingly, the present study tries to address some gaps identified from literature review 
through an integrated application of ANP and ISM methods. Therefore, the innovations of 
the current research can be introduced in the form of three main categories; First, identi-
fication of NSD performance measures based on a comprehensive literature review, their 
localization in the healthcare industry, and the use of a balanced scorecard methodology 
to improve the accuracy and completeness of performance measures. Second, determining 
relationships among criteria using the ISM method and calculating weights and importance 
levels of each dimension and criterion using the ANP method. Finally, the third innovation 
is to provide a framework for proposing improvements based on the two dimensions of 
importance and status of each of the criteria in the case study. 

Limitations

New services Development in healthcare industry in Iran is not long ago. Hence, few hos-
pitals have implemented the new service development process. Therefore, in this study, it 
was not possible to compare different hospitals and evaluate them. Also, due to the lack of 
similarity and homogeneity between the new service projects in the Mohab Hospital, this 
research cannot be implemented at the project analysis level.

From the practical point of view, given that the managers of the Mohab Hospital were 
generally composed of doctors and did not have sufficient familiarity with the managerial 
approaches, therefore, it was difficult to interact with the managers regarding the implemen-
tation of the framework provided in this research, and it took months. 
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Suggestions

The final score of the hospital’s performance in the new service development was about 54 
out of 100 points, which shows a moderate performance. Since the beginning of new service 
development at Moheb hospital takes a time frame of less than five years, it provides an 
acceptable level of performance. In future periods, the hospital can make significant per-
formance improvements by selecting appropriate strategies and practices. This requires to 
deal with more important and higher-value criteria as well as to consider criteria of lesser 
importance as research objectives, while achieving superior levels of performance in future. 

Some of the identified criteria are qualitative in nature and linguistic variables have been 
used to measure them. Hence, fuzzy sets or interval-valued intuitionistic fuzzy sets can be 
used in order to reduce the amount of ambiguity in the calculations. Also, because the eval-
uation of some criteria requires special expertise, the evaluations performed by the experts 
have a level of uncertainty and hesitation. Therefore, approaches that take advantage of hes-
itant fuzzy sets can be used to re-model this problem.
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APPENDIX

1. Interpretative structural modeling

Interpretative structural modelling is a methodology for creating and understanding the 
relationships between elements of a complex system. In other words, this analysis is an in-
teractive process in which a variety of related elements are structured as a comprehensive 
systematic model (Warfield, 1974; Purohit et al., 2016).The ISM methodology makes a great 
contribution on establishing the order within complex relationships between elements of a 
given system. It allows identifying internal relationships between variables, and also prioritiz-
ing and analysing the impact of one variable on others. Also, this model can also prioritize 
and determine different levels in a given system, which is very helpful for managers to better 
implement the model (Warfield, 1974). Here, when the dimensions and criteria identified, 
the relationships between criteria are identified and then analysed by using a “lead” concept. 
Having decided the factor set and contextual relation, a structural self-interaction matrix 
(Giudici et al., 2019) is developed based on pairwise comparison of variables. This matrix 
can be described as follows:
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where ei represents the ith element, πij denotes the inter-relationship between the ith and jth 
elements, and S denotes the SSIM. Modes and symbols used in this conceptual relationship 
are presented in Table 10.

Table 10. Symbols for ISM design

V A X O
j will effects on i i will effects on j Two-sided relationship Without relationship

Interpretative structural modelling is a method that makes it possible to examine the 
complexity of a system and make it easily understandable (Agarwal et al., 2007; Kumar et al., 
2016). According to Warfield (1974) – ISM developer – this procedure is an interactive learn-
ing process that constructs a variety of related factors in a comprehensive systematic model. 
Therefore, the application of ISM process needs an accurate implementation in any system 
(Azar et al., 2010). This process is shown in Figure 6 (Pfohl et al., 2011).

Figure 6. ISM steps
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In this study, the ISM method is used to identify relationships between the criteria. Due 
to their dependence, it is necessary to examine relationships and impact paths between crite-
ria in order to accordingly measure the importance of each criterion using the ANP method. 
The ANP method concerns different relationships between variables and applied the pairwise 
comparison matrix for calculating the importance and weight for all criteria.

2. Analytical network process

Analytical network process (ANP) is a mathematical theory that systematically deals with all 
kinds of dependence and successfully applied in various fields. This methodology was devel-
oped by (Saaty, 1980) to provide priorities for decisions, with no hypothesis about one-sided 
hierarchical relationship between decision levels. The ANP method is based on human brain 
analysis for complex problems with non-intrusive structure, to modify the AHP method. It is 
used to model the network problems of the nodes in this network which include objectives, 
criteria, and alternatives. The vectors that connect these nodes indicate the effect of nodes 
on each other. The ANP technique is to model the decision-making problem by applying a 
system perspective coupled with feedback. Its comprehensive framework can consider all 
interactions and relationships between decision levels that constitute a network structure 
(Saaty, 1980). The process steps are summarized in the Figure 7.

The principal concept of ANP is parallel to the Markov chain process with relative im-
portance weights adjusted by forming a super matrix from eigenvectors of these relative im-
portance weights. The super matrix expresses a relationship between two clusters in a system. 
Assume a system of N clusters or components; component h, denoted by Ch, h = 1, . . . , N, 
has nh elements that we denote eh1, eh2, . . . , ehnh; then a standard form of super matrix can 
be formulated as Eq. (2):

Figure 7. ANP steps
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A priority vector derived from pairwise comparison in the usual way represents the im-
pact of a given set of elements in a component on another element in the system. When an 
element has no influence on another element, its influence priority is assigned as zero (Saaty, 
1980). As an example, the matrix representation of a hierarchy with three levels is given by 
Equation:
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where w21 is a vector that represents the impact of the goal on the criteria, w32 is a vector that 
represents the impact of the criteria on each of the alternatives, and I is the identity matrix. 
W is referred to as a super matrix because its entries are matrices. For example, if the criteria 
are inter-related among themselves, a network replaces the hierarchy. w22 would be non-zero 
and indicates interdependence; this super matrix would be as follows:
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Now the super matrix has to limit to infinity. The limit is unique, and there is a column 
vector W1 for which W∞ = w∞ × et. However, if W is reducible, then the multiplicity ni of the 
principal eigenvalue has to be considered to obtain the limit priorities of a reducible stochas-
tic matrix with the principal eigenvalue being a multiple root. As an illustration, ni = 1, W∞ 
for a hierarchy with three levels is given as follows:
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Now, |w22| < 1 implies that (w22)k tends to zero as k tends to infinity, and we have:

 ( ) ( )1 1
32 22 21 32 22

0 0 0
0 0 0 .lim

k
W

w I w w w I w I

∞
→∞ − −

 
 =  
 − −   

(6)

Thus, the impact of the goal on the ranking of the alternatives is given by the (3, 1) entry 
of W∞.


