Journal of Computer and Communications, 2023, 11, 37-57
https://www.scirp.org/journal/jcc

ISSN Online: 2327-5227

ISSN Print: 2327-5219

Scientific
Research
Publishing

*
%

¢ 9.0
LXK X2

Linking Competitors’ Knowledge and
Developing Innovative Products Using Data
Mining Techniques

Nasimalsadat Saesil, Mohammad Taleghani?*

1Department of Business Administration, Science & Research Branch, Islamic Azad University, Tehran, Iran
*Department of Industrial Management, Rasht Branch, Islamic Azad University, Rasht, Iran

Email: Nasimsaesi@gmail.com, *Taleghani@iaurasht.ac.ir, *M.Taleghani454@yahoo.com

How to cite this paper: Saesi, N. and Taleg-
hani, M. (2023) Linking Competitors’ Know-
ledge and Developing Innovative Products
Using Data Mining Techniques. Journal of
Computer and Communications, 11, 37-57.

Abstract

In this article, the relationship between the knowledge of competitors and the
development of new products in the field of capital medical equipment has
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been investigated. In order to identify the criteria for measuring competitors’
knowledge and developing new capital medical equipment products, market-
ing experts were interviewed and then a researcher-made questionnaire was
compiled and distributed among the statistical sample of the research. Also,
in order to achieve the goals of the research, a questionnaire among 100 mem-
bers of the statistical community was selected, distributed and collected. To
analyze the gathered data, the structural equation modeling (SEM) method
was used in the SMART PLS 2 software to estimate the model and then the
K-MEAN approach was used to cluster the capital medical equipment market
based on the knowledge of actual and potential competitors. The results have
shown that the knowledge of potential and actual competitors has a positive
and significant effect on the development of new products in the capital medi-
cal equipment market. From the point of view of the knowledge of actual
competitors, the market of “MRI”, “Ultrasound” and “SPECT” is grouped in
the low knowledge cluster; “Pet MRI”, “CT Scan”, “Mammography”, “Radio-
graphy, Fluoroscopy and CRM”, “Pet CT”, “SPECT CT” and “Gamma
Camera” markets are clustered in the medium knowledge. Finally, “Angio-
graphy” and “CBCT” markets are located in the knowledge cluster. From
the perspective of knowledge of potential competitors, the market of “angi-
ography”, “mammography”, “SPECT” and “SPECT CT” in the low know-
ledge cluster, “CT scan”, “radiography, fluoroscopy and CRM”, “pet CT”,
“CBCT” markets in the medium knowledge cluster and “MRI”, “pet MRI”,
“ultrasound” and “gamma camera” markets in the high knowledge cluster
are located.
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1. Introduction

Today, manufacturing companies around the world are facing many challenges,
including the rapid development of technologies, rapid changes in market con-
ditions, constant demands of customers/users for high-quality products, and
global competition. Under such conditions, innovation is one of the strategies
that companies follow to achieve competitive advantage and increase company
performance and profitability [1]. In fact, innovation is a valuable tool for or-
ganizations to adapt to environmental dynamics [2] and achieve competitive
advantage by providing new products or services for current and new customers
[3]. Previous studies claim that innovation through reducing the cost of existing
products or services, improving their quality, and inventing new products and
services for which there is sufficient demand, leads to the creation of competitive
advantage and competitiveness of companies. To increase profit and competitive
power, the product development process is considered one of the most impor-
tant processes of the organization [4].

Many researchers have introduced the development of new products as a
knowledge-based process that urgently needs effective knowledge management
with the increasing complexity of products and technologies. Capability in the
process of developing new products is one of the advantages for organizations.
Product development is an information and knowledge-oriented subject, and
organizations need sufficient knowledge and information to succeed. One of the
product development capabilities of successful and superior organizations is their
ability to use knowledge throughout the product development process, which it-
self leads to success in new product development projects [5].

The development of innovative products relies on knowledge management
and external knowledge, such as customer and competitor knowledge. Because
the knowledge management of the organization’s external environment leads to
the analysis of the external environment and making appropriate strategic deci-
sions. Successful companies continuously discover or create new knowledge to
solve new and unfamiliar problems; then, they develop this knowledge in a pur-
poseful and systematic manner and in accordance with specialized and strategic
goals in all layers and different departments of the organization and seek to
transform it into new technologies and products [6].

Considering the importance of external knowledge in the development of new
products and gaining a competitive advantage, in this article, the link between

the knowledge of competitors and the development of innovative and new prod-
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ucts in the market of medical capital goods is investigated using data mining

techniques.

2. Literature Review

2.1. Development of New Products

The development of new products is a set of activities that begins with the un-
derstanding of market opportunities and ends with the creation, sale and deli-
very of a product [7]. The new product development process is a process in
which an organization uses all its resources, facilities and abilities in the form of
multipurpose groups to create a new and innovative product or to develop and
improve an existing product; so that the development of a new product is a fun-
damental process and is considered as a kind of progress and revival of the or-
ganization [8]. In other words, the process of production and development of
new products should respond positively to the needs of customers and create a
suitable competitive arena for the organization by relying on the superiority of
technology and the appropriate allocated budget [9]. New product development
is an important part of any business. New products provide growth opportuni-
ties and competitive advantage for companies. According to the mentioned cas-
es, the management of the development process of new products will also re-
quire the use of new management approaches [10].

In fact, the development of new products is a process that for its proper im-
plementation, the whole company must be motivated and sensitive [8]. This in-
cludes creating or discovering opportunities, choosing and creating and trans-
forming them into artifacts and activities (services) offered to customers and in-
stitutionalizing various improvements in new product development activities
[11].

The purpose of new product development is to respond to customer needs,
adapt to market conditions and environmental changes, increase profits and
customer satisfaction and deal with competitors’ policies. The ever-increasing
flood of development and production of new products and their commercial and
successful supply to the market will shorten the life curve of products and move

from mass production to customized production [9].

2.2. Competitors’ Knowledge

Competitors’ knowledge refers to the internal awareness and understanding of
competitors that exists throughout an organization. Many of these are either
temporary, informal, or difficult to use. Either they lack structure or they exist
only implicitly. Competitor information includes all data about competing prod-
ucts, while companies often use competitors as sources of knowledge to test and
transfer best practices [12]. Therefore, competitors” knowledge is one of the key
capabilities of rival companies, which if used effectively, will lead to a win-win
situation for both companies and their customers [13]. In addition to quanti-

ty, the timeliness and accuracy of competitor intelligence determine a com-
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pany’s ability to respond to competitors’” actions on a global scale. Competi-
tors’ knowledge is one of the skills required to achieve success in the market
and it is expected to have a positive relationship with the organization’s per-
formance [14].

Garcia-Murillo and Annabi (2002) stated that the knowledge of competitors is
a part of the company’s knowledge. According to them, the components of com-
petitors” knowledge are: competitors as partners, knowledge about competitors’
customers, competitors’ market knowledge, competitors’ suppliers’ knowledge,
and competitors’ products or services. The ability to understand the competitive
environment is the basic premise of extra-organizational knowledge [15]. If the
organization has the ability to understand the strengths, weaknesses, abilities,
current and potential strategies of its competitors, it will be better able to devel-

op a counter strategy [14].

2.3. The Effect of External Knowledge on Developing of New
Products

Today, few companies have the capacity to develop technology and design new
products using only internal resources [4] and due to the high failure rate of new
products, they are looking for new solutions to increase product innovation and
accelerate the product development process [16]. For this reason, the operations
management community has deeply investigated the cooperation models in the
development of new products Such as partnerships with suppliers and customers
in recent decades [17]. Therefore, one of the important mechanisms for innova-
tive business models is to carry out and establish joint development relationships
[18]. But both groups of small and medium and multinational companies are
not able to sustain innovation costs by themselves, and in order to be innovative
and gain a competitive advantage, they rely more on external information and
research collaborations and knowing competitors [19].

Zhang et al. (2008) defines knowledge integration capability as a dynamic ca-
pability to combine and apply existing knowledge with respect to external know-
ledge in the process of knowledge management. They argued that most product
innovation failures are caused by the lack of knowledge integration capability,
because a significant amount of knowledge is implicit in the product develop-
ment process [20].

Organizational capability is the company’s ability to repeatedly perform a pro-
ductive task, which is directly or indirectly related to the company’s capacity to
create value through influencing and changing input to output [9]. The ability of
knowledge integration refers to the combined ability of the organization in ana-
lyzing and combining the knowledge that comes from outside the organization
or the knowledge that is accumulated by using the experiences of people inside
the organization [21]. Therefore, according to the view of the dynamic ability of
knowledge integration, it refers to the company’s ability to manage knowledge
bases by reconfiguring the knowledge management process inside and outside
the organization [22].
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New product development is a way to integrate knowledge published in dif-
ferent natures in an innovative way [22]. Yang stated that knowledge integration
has a significant effect on new product performance and new product develop-
ment depends on integrating specialized capabilities [23]. Berends et al (2007)
claim that during joint new product development, knowledge management
should focus on knowledge integration instead of focusing on knowledge trans-
fer. It is argued here that product development requires a partner to transform
specific knowledge into specialized knowledge. Regardless of this issue, partners
will not have fresh ideas or distinctive expertise for joint product development

[4].

2.4. Research Background

Chang and Taylor (2016) investigated the role of customer participation in new
product development projects. According to the findings of this research, cus-
tomer participation in the stages of ideation and new product launch streng-
thens the economic performance of new product expansion projects and indi-
rectly improves the duration of the new product presentation to the market. Al-
so, customer participation in new product expansion projects that take place in
emerging countries, in industries with a lower technology level, and relatively
smaller companies is more effective. Bouncken et al (2017) introduced the issue
of cooperation between competitors and its impact on new product development
projects. There are two types of new product expansion. The first one is the
gradual expansion of the product in which a model of the product is trans-
formed into a more up-to-date model. According to the findings of this research,
cooperation between competitors is effective both in the stage before the launch
of a new product and during the launch stage. The second is radical product ex-
pansion, in which a completely different product from the specifications of the
old products is launched. According to the findings of this research, cooperation
between competitors in the case of radical product expansion is only effective at
the new product launch stage and not before.

Chauhan ef al (2017) designed a comprehensive risk management model in
the discussion of new product development. This comprehensive model includes
three stages of risk recognition, risk assessment and analysis, and risk reduction.
In the identification phase, a set of risks involved in the new product develop-
ment process was prepared. In a research, Robert Cooper (2018) identified and
categorized the success factors of new product development projects. In this
process, three categories of important success factors were identified. The first
category was related to individual aspects of new product development, such as
creating the voice of the customer, etc. The second category was related to the
level of business and organization and management, and the third category was
related to the methods that companies use to manage new product development.

Zhan et al (2019) investigated the link between customer knowledge and in-
novative product development with a data mining approach. Their study pro-
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vides a unique method for linking customer knowledge with innovative product
development in a data-driven environment. In addition to the communication
law and decision tree methods, this study provides a systematic method for
managers to extract knowledge “from” and “about” the customer to identify
their preferences. This allows companies to produce the right products and gain
a competitive advantage. The findings show that the knowledge-based approach
is effective and the extracted knowledge as a set of rules can be used to identify
useful patterns for innovative product development. Lépez-Cabarcos et al (2020)
investigated the role of product innovation and customer orientation in trans-
forming tacit and explicit knowledge into profitability. Their research investi-
gated the topic of this research by combining knowledge base theory, organiza-
tional learning theory, and dynamic capability theory, on one hand, and the re-
lationship between exploration and measurement of tacit knowledge, on the
other hand. In this research, the conceptual model was investigated with a study
sample of 153 industrial organizations using the structural equation modeling
approach. The results showed that implicit and explicit knowledge are effective
in achieving sustainable competitive advantages. Furthermore, tacit and explicit
knowledge both translate directly into profitability through product innovation
and customer orientation, which play a partial mediating role.

Medase and Abdul-Basit (2020) investigated the relationship between the com-
pany’s external knowledge and innovation performance. This article includes
types of external sourcing strategies, internal company competencies, and in-
dustry characteristics in a unique analytical framework in predicting the innova-
tive capabilities of companies in developing countries to highlight the impor-
tance of external knowledge sources as influential factors. The data sets from the
databases of manufacturing, service and retail companies in 11 countries in
Sub-Saharan Africa were used to evaluate the extent to which companies use ex-
ternal sources of information (customers, competitors, consultants, new em-
ployees and workshops). The results of their research showed that although in-
ternal sources are necessary, external sources of information are also necessary
to achieve the desired level of innovation. These findings confirm that compa-
nies that open their innovation process and use separate knowledge sources have
a superior ability to introduce their innovations.

Isik-Tosun (2020) investigated the role of human-centered design in a multi-
national company through the development of innovative products. The results
showed that the designer plays six diverse and contemporary roles during the
new product development process. Gao et al (2021) investigated the strategy of
global design thinking in the development of innovative products and showed
that global design as an important concept in product development has been
gradually implemented in various industries and companies. The universal um-
brella base has significantly improved the evaluation of universal design prin-
ciples. In the future design, innovative architectural products with incorrect de-

sign factors can also use this process to complete the design and development of
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the intended product and significantly increase the global evaluation of product
design.

Goémez-Prado et al (2022) investigated product innovation, market intelli-
gence and pricing capability as a competitive advantage in the international per-
formance of start-ups. The results of their research showed that competitive ad-
vantage does not act as a mediator between pricing capabilities and international
performance of startups. Furthermore, competitive advantage was found to act
as a mediator between two of the three capabilities assessed: market intelligence
capabilities and product innovation capabilities. Bratianu et al (2022) investi-
gated the mediating role of customer knowledge management in the relationship
between innovative work behavior and product innovation. The findings show
positive relationships between innovative work behavior and the product inno-
vation process with a Pearson correlation coefficient of 0.42, which means that
42% of the changes in perceived product innovation are due to changes in inno-
vative work behavior. Also, knowledge management, which is supported by oth-
er determining factors (such as cooperation in exploring ideas, supporting ideas
and encouraging participation in the implementation of ideas), significantly
contributes to the product innovation process. The bootstrapping method also
showed that innovative work behavior about product innovation is supported
through the mediation of customer knowledge management.

As can be seen in the research background section, a lot of research has been
done in the field of developing new and innovative products. The impact of ex-
ternal knowledge (customers and competitors) on innovation, the development
of new and innovative products has been investigated with statistical methods
[6]. Also, the use of data mining techniques to link customer knowledge with
innovative product development has also been studied by some researchers such
as Zhan et al. (2019). But what has not been investigated so far and the reason
for distinguishing the current research from the previous research is “linking
competitors’ knowledge and developing innovative products using data mining

techniques”.

2.5. Conceptual Model

In the era of open innovation, external knowledge and technology play an im-
portant role in the company’s innovation performance and the development of
innovative products. Chesbrough (2003) claimed that the knowledge produced
inside the companies may be used across the boundaries of the companies and
basically it is used to absorb external knowledge capabilities. Thematic literature
shows how companies use internal and external knowledge sources to develop
new innovative products (Medase and Abdul-Basit, 2020).

Knowledge is often closely related to the person who develops the particular
knowledge and is often considered as a type of tacit knowledge. It is commonly
believed that tacit knowledge requires interaction. A company cannot rely only

on internal knowledge to develop the innovation process. Hence, for internal
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innovation efforts, companies are increasingly looking for external knowledge
sources as well as external partners, so in this direction, the option of external
knowledge becomes absolutely necessary for companies. In this regard, the study
of Medase and Abdul-Basit (2020) clarifies the importance of open innovation
and explains that external sources of knowledge and external networks should be
integrated with internal knowledge to create additional benefits. Medase and
Abdul-Basit (2020) considered the external knowledge of the company in the
form of knowledge of customers, competitors, consultants, new employees and
workshops in their model and showed that external knowledge affects innova-
tion performance and R&D activities. In the study of Zhan et al (2019), the im-
pact of customer knowledge in the development of innovative products has been
investigated with a data mining approach.

The conceptual model of the current research is drawn based on the study of
Zhan et al. (2019) as well as the article of Medase and Abdul-Basit (2020) as fol-
lows to investigate the impact of competitors’ knowledge on the development of
innovative products. In the article of Medase and Abdul-Basit (2020), the impact
of foreign knowledge on innovation activities was investigated using the struc-
tural equation modeling approach and their conceptual model is presented in
Figure 1.

In the study of Zhan et al (2019), the impact of customer knowledge on the
development of innovative products was investigated using data-mining tech-
niques, but in their study, a conceptual model was not presented.

In this research, the effect of the knowledge of actual and potential competi-
tors on the development of innovative products has been investigated using
structural equation modeling and data mining. Considering that in the first step,
the significance of the impact of the knowledge of actual and potential competi-
tors on the development of innovative products, as well as the significance of the
components of the competitor’s knowledge, is examined using the structural equ-
ation modeling approach, the current research needs a conceptual model which

is in accordance with Figure 2.

- Competitors' knowledge

- Customer knowledge

- Knowledge of new employees
- Workshop knowledge

»| Innovation activities

Figure 1. Conceptual model of Medase and Abdul-Basit (2020).

Actual competitor

knowledge
Competitors' Development of
knowledge > innovative products
Potential competitor /
knowledge

Figure 2. The Conceptual model of the current research (created by the researchers).
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3. Research Methodology

Until now, the use of static models for grouping has been common, but factors
such as technological changes, the entry of new customers, the entry of compet-
itors, and the increase in the variety of products over several periods of time,
have changed the competitive conditions. In this research, structural equation
modeling method and clustering approach such as k-MEAN have been used to
cluster competitors and examine the dynamic behavior of competitors and the
impact of their behavior and knowledge on the company’s position in the com-
petitive market.

Based on the type of data and its collection method, this research is a mixed
qualitative-quantitative research project. In this research, competitor data is col-
lected using questionnaires, existing databases (if access is possible) and compet-
itor clustering is used to analyze their behavior and the company’s position in
the competitive market. Analyzing the behavior of competitors and the position
of the company in the competitive market is an analysis for deciding which
markets or market segments capital medical equipment companies should enter
or exit from. On the other hand, it will determine and estimate the competitive po-
sition of capital medical equipment companies by examining their capabilities or

deficiencies in relation to market needs and competencies of existing competitors.

Research Variables

This research has no hypothesis in terms of being exploratory, but the research
variables include the development of innovative products and the knowledge of
competitors, which are dependent and independent variables, respectively. Also,
competitors’ knowledge includes “potential competitor’s knowledge” and “actual
competitor’s knowledge”, each of these two sections includes the items in Table 1.

The medical equipment markets that are considered in this research are listed
in Table 2.

The variable of development of new and innovative products, based on the
model of Martti Lindman et al. (2008), includes 8 dimensions as described in

Table 3. This questionnaire is a reference type and was designed by Martti

Table 1. Components of potential and actual competitor’s knowledge.

Row Component
1 Market share
2 Market capacity
3 Different advantages
4 State of technology
5 Conditions of prices
6 Quality of products
7 Quality of services and distributors
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Table 2. Capital medical equipment markets (diagnostic imaging).

Row Market
1 MRI (magnetic resonance imaging, MRI)
2 PET-MRI
3 CT Scan (computed tomography, CT Scan)
4 Angiography
5 Ultrasound
6 Mammography
7 Radiography, fluoroscopy & C-Arm
8 PET-CT
9 CBCT
10 SPECT
11 SPECT CT (SPECT-CT)
12 Gamma camera

Table 3. Dimension of development of new and innovative products.

Row Dimension
1 Being systematic
2 Technology tendency
3 Design tendency
4 Market tendency
5 Resource consumption
6 The basis of the effort made for new goods
7 New product conceptualization
8 New product management

Lindman et al in 2008 for the development of new products and has 51 ques-
tions in 8 dimensions. Also, this questionnaire is based on a 5-point Likert scale.

The questionnaire related to the knowledge of actual and potential competi-
tors includes 14 questions corresponding to the components presented in Table
1. Also, the new product development questionnaire is as described in the fol-

lowing Table 4.

4. Data Analysis

At this stage, competitors were grouped into three groups of low knowledge,
medium knowledge, and high knowledge based on current potential and actual
knowledge. Then, by using the opinion of experts, the future position of com-
petitors has been predicted based on their knowledge components. Also, in or-

der to achieve the objectives of the research, a questionnaire was distributed and
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collected among 100 members of the statistical sample.

4.1. Reliability of the Questionnaire

Validity and reliability in structural equation modeling method includes con-
vergent validity, diagnostic validity and construct reliability. In this research, the
aforementioned methods and Cronbach’s alpha were used to calculate the inter-
nal consistency (reliability) of the questionnaire.

As can be seen in Table 5, the value of Cronbach’s alpha for all three variables
of potential competitor knowledge, actual competitor knowledge and new prod-
uct development is greater than 0.7, so the questionnaire for each of the men-
tioned variables, according to this index has reliability and can be used to collect
data and measure research variables.

AVE means average extracted variances and its value should be greater than
0.5, as can be seen in Table 5, the value of this index is greater than 0.5 for all
three variables, and therefore, the data collection tool from the perspective of
this index is also a reliable asset.

The rho-A index is also used for diagnostic validity, which is equal to the
amount of average variance extracted (AVE) and its value is greater than 0.5 and
indicates the diagnostic validity of research variables.

Also, the CR index is used to check the composite reliability (structural relia-
bility) and its value should be more than 0.7. As can be seen in Table 5, the tar-
get structure has composite reliability according to the values of this index.

Table 4. New product development questionnaire.

Row Questionnaire components Number of questions

1 Being systematic 1to6

2 Technology tendency 7 toll

3 Design tendency 12 to 17
4 Market tendency 18 to 28
5 Resource consumption 29 to 32
6 The basis of the effort made for new goods 33 to 38
7 New product conceptualization 39 to 44
8 New product management 45 to 51

Table 5. Reliability check of the entire questionnaire.

Number of Cronbach’s

Variable . Rho-A CR AVE

questions alpha
Actual competitor knowledge 7 0.933 0.933 0953 0.911
Potential competitor knowledge 7 0.924 0.925 0.980 0.942

Development of new and
. . 51 0.768 0.981  0.920 0.902
innovative products
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4.2. Structural Equation Modeling

In this research, structural equation modeling method was used in SMART PLS
software environment. The fitted model is shown in Figure 3, and in this re-
search, various indices were used to estimate the overall goodness of fit of the
model with the observed data, which are shown in Table 6. The dimensions and
components of knowledge of actual and potential competitors have been deter-
mined based on the opinion of experts of capital equipment companies and their
significance has been investigated using the structural equation modeling ap-
proach.

Figure 3 shows the estimated model in SMART PLS2 software. As can be seen
in this model, among the components of “actual competitive knowledge”, the
different advantages are the most important and the state of technology is the least
important. Among the components of “potential competitor knowledge”, the
component of marketing ability and capacity is the most important and product
quality is the least important. On the words, among the components of the devel-

opment of new and innovative products, the component of being systematic

Market cap... Market share Conditions... Differenta... State of tec... Quality ofs... Quality of p...

\\ '\ 0.11;3

Market cap...
Market share ™
Conditions ...

Different a...

;S

0.878 0.822 0.848 0.795 0.855 0.774
Potential\ Resource c...
competitor A
knowledge 0.511 _/The basis of...
0.254 ¥
.829 0.109 New produ...

’8;;(()) _y New produ...

— 0.991

0.470—H o
QO 304 Being syste...

State of tec... 0.859/ \O 297
“0.838 Actual Development _(‘) N Market ten...
Quality of s...~ competitor of new and ’ A
knowledge innovative Design ten...
Quality of p... products \i
Technology...
Figure 3. Model fitting based on structural equation modeling method.
Table 6. Structural model goodness of fit indices.
Indicator RMSEA CF1 GFI AGFI NFI
Acceptable value <0.1 >0.9 >0.9 >0.9 >0.9
Calculated value 0.031 0.94 0.97 0.93 0.95
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with weight of 0.991 has the first rank and the components of new product man-
agement and new product conceptualization with weight 0.990 are located in the
second rank. The component of technology tendency has the least importance.

After fitting the model, the goodness of fit of the model has been investigated
based on the indicators available in the literature.

It can be seen in Table 6 that the values of the indicators are within the per-
missible range, so it can be said that all the suitability indicators of the re-
search model are in the acceptable range. In addition, according to the value of
P-VALUE, which is greater than 0.05, the fit of the model is confirmed (Figure
4).

In Figure 4, the numbers on each path indicate the value of the T statistic, and
the P-VALUE calculated for each of them is 0.000. In examining the significance
of the path coefficients, if the calculated values for each path are greater than
1.96, the coefficient in the model fit is significant at the level of 0.05, and if the
values are greater than 2.58, the path coefficients are significant at the error level
of 0.01. As seen in Figure 4, all the calculated values are greater than 2.58, so it
can be said that the path coefficients in the fitted model are significant at the
0.01 error level.

In the next step, to determine the degree of influence of exogenous variables on
endogenous variables, standardized regression coefficients related to the paths in

the model were examined. These coefficients express how much (percentage) the
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Figure 4. Significance of path coefficients.
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changes of the dependent variables are explained by the independent variables
presented in the model. This level of influence can be seen in Figure 4 and Table
7.

As can be seen in Table 7, the value of T statistic calculated for each of the
routes is greater than 2.58 and the coefficients of the routes are significant at the
error level of 0.01. Therefore, the statistical null hypothesis that there is no sig-
nificant relationship or no significant effect among the variables on the sides of
each path is rejected and the statistical hypothesis that there is a significant effect
or relationship among the variables on the path is accepted. Therefore, we can
say:

e The potential competitor’s knowledge has a positive and significant effect on
the development of new products.
e Actual competitor knowledge has a positive and significant effect on the de-

velopment of new products.

4.3. Clustering Competitors Based on Their Level of Knowledge

As mentioned earlier, the K-MEAN approach has been used to group competi-
tors into three categories: low knowledge, medium knowledge, and high know-
ledge. In the following, capital medical equipment markets are grouped based on
the knowledge of their actual and potential competitors and the results of this

clustering are presented.

4.3.1. Clustering Capital Medical Equipment Markets Based on
Knowledge of Actual Competitors

The results of the K-MEAN clustering method with a maximum of 10 repeti-
tions show that the capital medical equipment markets are grouped into three
clusters, and the minimum distance between the centers of the clusters is calcu-
lated as 9.539.

Table 8 shows the information of the clusters in the final clustering of capital
medical equipment markets based on the level of knowledge of actual competitors.

As can be seen in Table 9, from the point of view of the knowledge of the ac-
tual competitors, the market of “MRI”, “Ultrasound” and “SPECT” has a higher
degree of membership in the low knowledge cluster. Also, “Pet MRI”, “CT
Scan”, “Mammography”, “Radiography, Fluoroscopy and CRM”, “Pet CT”,

Table 7. The paths of the model with the method of structural equations.

Path

Actual competitor
knowledge-new product
development

Knowledge of potential
competitors-new product
development

The standard

Coefficient T statistics  P-value The result

deviation

Actual competitor knowledge has a

0.470 0.084 4.427 0.000 positive and significant effect on the

development of new products.

Knowledge of potential competitors

0.511 0.008 4.903 0.000 has a positive and significant effect on

the development of new products.
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Table 8. Centers of the final clusters of the K-MEAN algorithm of actual competitors.

Cluster 1 (low Cluster 2 (medium Cluster 3 (high

Market knowledge) knowledge) knowledge)
MRI (.magr.letic resonance 3.90 248 2.69
imaging, MRI)
PET-MRI 2.82 3.54 2.78
CT Scan (cogl;)t;t;i ;omography, 3.16 328 571
Angiography 2.67 3.25 3.42
Ultrasound 3.59 3.07 2.48
Mammography 2.98 3.76 2.38
Radiography, fluoroscopy & 3.9 3.52 243
C-Arm
PET-CT 2.85 3.25 291
CBCT 2.92 2.70 3.29
SPECT 3.44 2.76 2.53
SPECT CT (SPECT-CT) 2.70 3.77 2.67
Gamma camera 3.13 3.27 2.83
Table 9. Final clusters of markets of actual competitors.
Market Cluster

MRI (magnetic resonance imaging, MRI)
PET-MRI
CT Scan (computed tomography, CT Scan)
Angiography
Ultrasound
Mammography
Radiography, fluoroscopy & C-Arm

PET-CT
CBCT
SPECT

SPECT CT (SPECT-CT)

Gamma camera

Low knowledge
Medium knowledge
Medium knowledge

High knowledge

Low knowledge
Medium knowledge
Medium knowledge
Medium knowledge

High knowledge

Low knowledge
Medium knowledge

Medium knowledge

“Aspect CT” and “Gamma Camera” markets have a higher degree of mem-
bership in the average knowledge cluster. On the other hand, “angiography”
and “CBCT” markets have a higher degree of membership in the knowledge
cluster.
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4.3.2. Clustering Capital Medical Equipment Markets Based on
Knowledge of Potential Competitors

The results of the K-MEAN clustering method with a maximum of 10 repeti-
tions show that the capital medical equipment markets are grouped into three
clusters, and the minimum distance between the centers of the clusters is calcu-
lated as 9.592.

Table 10 shows the information of the clusters in the final clustering of capital
medical equipment markets based on the level of knowledge of potential com-
petitors.

As can be seen in Table 11, from the perspective of knowledge of potential
competitors, the market of “angiography”, “mammography”, “SPECT” and
“SPECT CT” has a higher degree of membership in the low knowledge cluster.
Also, the markets of “CT Scan”, “Radiography, Fluoroscopy and CRM”, “Pet
CT”, “CBCT” have a higher degree of membership in the average knowledge
cluster. On the other hand, the “MRI”, “Pet MRI”, “Ultrasound” and “Gamma

camera” markets have a higher degree of membership in the knowledge cluster.

4.3.3. Forecasting the Future Position of the Markets

In order to predict the future of the markets, the possible trend of changes in the
attractiveness of the market for the next three years should be determined by
managers and experts based on the knowledge of competitors and their strate-
gies. Then managers should analyze how to change the company’s competitive

position in the market.

Table 10. Centers of the final clusters of the K-MEAN algorithm of potential competitors.

Cluster 1 (low Cluster 2 (medium Cluster 3 (high

Market knowledge) knowledge) knowledge)

MRI (magnetic resonance

imaging, MRI) 2.90 2.93 3.25
PET-MRI 2.51 2.20 3.86
CT Scan (computed
tomography, CT Scan) 294 339 244
Angiography 3.45 2.20 3.13
Ultrasound 2.93 2.62 3.54
Mammography 3.34 3.12 2.74
Radiography, fluoroscopy & 2.79 3.42 285
C-Arm
PET-CT 2.64 3.61 3.40
CBCT 2.74 3.43 2.65
SPECT 3.34 3.11 2.73
SPECT CT (SPECT-CT) 3.09 2.48 2.97
Gamma camera 3.01 2.56 3.25
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In this section, the experts were requested, based on the knowledge of the
competitors and their strategies, to evaluate the position of the markets in rela-
tion to the knowledge of the actual and potential competitors with numbers 1 to
5, and then the average opinion of the experts was calculated and after normali-
zation, through the calculation The average of comments for each market, the
corresponding weight for each market was calculated (Table 12).

As can be seen in Table 12, among the markets according to the evaluation of
the future conditions, the “PET-CT” market with a weight of 0.684 has the first

Table 11. Final clusters of markets of potential competitors.

Market Cluster
MRI (magnetic resonance imaging, MRI) High knowledge
PET-MRI High knowledge
CT Scan (computed tomography, CT Scan) Medium knowledge
Angiography Low knowledge
Ultrasound High knowledge
Mammography Low knowledge
Radiography, fluoroscopy & C-Arm Medium knowledge
PET-CT Medium knowledge
CBCT Medium knowledge
SPECT Low knowledge
SPECT CT (SPECT-CT) Low knowledge
Gamma camera High knowledge

Table 12. Ranking table of preference prioritization method based on expert opinion.

Market Weight Priority
MRI (magnetic resonance imaging, MRI) 0.5951 6
PET-MRI 0.5391 11
CT Scan (computed tomography, CT Scan) 0.6799 2
Angiography 0.5835 8
Ultrasound 0.6420 4
Mammography 0.6254 5
Radiography, fluoroscopy & C-Arm 0.6733 3
PET-CT 0.6840 1
CBCT 0.5554 10
SPECT 0.5807 9
SPECT CT (SPECT-CT) 0.5874 7
Gamma camera 0.5334 12
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rank and according to the knowledge of the actual and potential competitors, it
is an attractive target market among the medical equipment markets. Also, the
Gamma Camera market with a weight of 0.5334 will be the least attractive in the

future.

5. Conclusions

As it was said, the present article was formed with the aim of “investigating the
relationship between competitors’ knowledge and new product development in
the field of capital medical equipment using data mining”. Structural modeling
tool and K-MEAN clustering method were used to analyze the data. The ques-
tionnaire was distributed and collected among 100 members of the statistical
community who were selected from the top 50 companies, and then the reliabil-
ity of the questionnaire was checked. In the next step, the research model was es-
timated using the structural equation modeling method in the SMART PLS soft-
ware environment. After analyzing the results of structural equation modeling
and checking the significance of the research model, the K-MEAN approach was
used to cluster the capital medical equipment market based on the knowledge of
actual and potential competitors in order to continue the analysis. Also, at the
end of the work, the future status of these markets was presented.

The results of the research showed that the knowledge of the competitors in
the two groups of Bagoeh has a positive and significant effect on the development
of new and innovative products. Today, the main source of success in gaining a
competitive advantage for companies in the future is the successful and conti-
nuous development of new and improved products. With the increase in the va-
riety of products and the volume of orders, the life curve of the products also
decreases, so the variability of the competitive rules in the business world has
made the process of presenting a new product to the market particularly impor-
tant. Today, more than ever, most organizations have realized that relying on
traditional competitive levers, such as increasing quality, reducing costs, and
differentiation in providing products and services, is not enough, and instead
concepts, such as speed and flexibility can be used in competition, have gained
attention and the trend towards providing new products and services to their
market is the justified reason for this change of attitude. But the new product de-
velopment process is a costly and risky process. More acceptance of new products
by customers compared to competitors’ products is one of the risk-taking factors
in new product development projects, which requires us to fully understand the
needs and expectations of customers from products as well as the knowledge of
competitors in order to reduce this risk. Managing competitors’ knowledge to
gain information about their products and their position in the market creates
competitive advantages for companies, and knowledge of competitors’ knowledge
reduces the risk of new product failure.

The evaluation of the future conditions of the markets shows that the “PET-CT”
market with a weight of 0.684 has the first rank and according to the knowledge
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of actual and potential competitors, it is an attractive target market among the

medical equipment markets. Therefore, it seems that capital equipment compa-

nies can plan on product development in this market.

6. Suggestions

The results of this research along with practical suggestions are as follows:

Actual competitor knowledge has a positive effect on innovative product de-
velopment and it is suggested to pay more attention to the different advan-
tage components in order to increase this knowledge. In order to increase the
mentioned component and as a result to increase the knowledge of the actual
competitor, by conducting extensive and appropriate research in the field of
new products, designing and producing a product that has a high distinction
and superiority over the competitors.

The potential competitor’s knowledge has a positive and significant effect on
the development of innovative products, and it is suggested to pay more at-
tention to the component of marketing ability and capacity in order to in-
crease this knowledge. In order to increase the mentioned component and as
a result to increase the knowledge of the potential competitor, new marketing
approaches can be used to impress the customers and the important thing is
to allocate more resources in the field of marketing and increase the capacity
and ability of marketing.

Among the components of the development of innovative products, the com-
ponent of being systematic has the highest importance and it is suggested to
pay attention to this component more than other components in order to suc-
ceed in the development of new products. Therefore, the organization must
have long-term plans for new products; the goals and roles of new products
should be defined according to the business goals and image and brand of the
company; the scope of business and the development path of new products
are defined in the long term; the organization should increase its ability to
continuously invest in the production of new products; and finally, the mean-
ing and importance of new products should be clarified for all the employees
of the organization.

The results show that from the point of view of the knowledge of the actual
competitors, the “MRI”, “Ultrasound” and “SPECT” markets are in the low
knowledge cluster, so it is suggested to increase the knowledge of the actual
competitors of these markets with regard to the different advantage compo-
nents, planning be made.

The results show that from the perspective of knowledge of potential competi-
tors, “angiography”, “mammography”, “SPECT” and “SPECT CT” market
are grouped in the low knowledge cluster. Therefore, it is suggested that in
these markets, in order to increase the knowledge of potential competitors,
attention should be paid to the component of marketing ability and capacity,

and with proper planning, it is possible to increase the marketing ability and
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capacity in these markets.
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