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Abstract

The production and service functions in the innovation system emphasize producing new products. As any innovation
system’s final output must ultimately produce new products and deliver new services, the considered function is essential
in the innovation system. This study seeks to extract the challenges and give solutions to improve the production and
deliver services in the innovation system. Producing and delivering services does not occur in a vacuum and should occur
in a context called the Supply Chain (SC). In this paper, qualified experts were interviewed to discover the challenges and
solutions to improve production. Fifteen elite researchers in the innovation field then discussed the results in focus
sessions and refined practical solutions after an in-depth review of the extracted information. The role of responsible
institutions was determined, and the necessary indicators were extracted to evaluate the factors of innovative production
after providing the required infrastructure to achieve production promotion. One of the Fuzzy Multi-Attribute Decision
Making (FMADM) techniques is also used to prioritize the discovered solutions based on the importance of influencing
the producing promotion. Finally, a model is presented for improving the production and service functions in the
innovation system. The results showed the main solution is to collaborate and create efficient integration at different SC
levels.

Keywords: Innovation system, Production and setvice functions, Improving production capability, Multi-attribute
decision-making, Fuzzy theory.
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any company to take serious action in the field of innovation. The production and service sectors need
innovation to upgrade their capabilities, despite being costly, time-consuming, complex, and challenging

[6]-

Fig. 1 shows the innovation process as an innovation pipeline. In fact, a few ideas turn into products, of
which only some of them enter the market successfully [1]. Therefore, innovation is a multi-step process
of generating an idea to implementing it.
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Fig. 1. The overall process of innovation [1].

The innovation system provides a framework for managing innovation processes’ complexity and
understanding the measures needed for innovation success [7]. Innovation systems focus on dynamism
and economic changes and are defined as a systemic approach. Innovation involves complex interactions
between the foundation and the environment in the systemic approach [8] and [9]. According to the
innovation system, the interaction between the factors influencing the innovation process is essential to
succeed in the innovation event. Innovation never occurs in an isolated foundation [9]. Innovation is
exploring innovative sources of knowledge and technology and using them for producing new products.
This is because the foundations’ competitive ability depends strongly on the capability to apply new
knowledge in creating innovative products [10]-[12]. Many approaches to the innovation system have
emerged in the last 20 years, pointing to different areas of the innovation system. The innovation system
approaches include national innovation system, regional innovation system, technological innovation
system, and sectoral innovation system. The innovation system has seven essential functions, which are
[13]: 1) Policy-Making, 2) Funding, 3) Research and Development, 4) Entrepreneurship, 5) Technology
Transfer and Expansion, 6) Human Resource Development, and 7) Producing Goods and Delivering
Services.

This research mainly aims to provide a model and solutions to improve the innovation system’s
production and service functions. First, it is necessary to point out the role of production and service
functions in the innovation system. Different combinations of actors and institutions interact with each
other in the innovation system to produce, develop and expand innovation to make the innovation
occurrence possible by promoting these functions [10]. The final output of any innovation system must
ultimately lead to producing new goods and services. In fact, any innovation system is incomplete
without realization the production and service functions. Therefore, the production and service
functions are one of the most important functions of the innovation system in terms of its final role in
the innovation system; and it should be the place for producing innovative products.

Innovation in the production and service functions is strongly related to change as organizations use
innovation as a tool to change the environment [14]. However, product innovation can involve a wide
range of different types of change in proportion to the organization’s resources, capabilities, and
strategies. Different types of innovation in the production and service functions can be related to the
broad nature of new products, materials, new processes, and the supply of new services [15]. Innovation
is a multi-step process in terms of production and service functions by which organizations produce
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new or improved products and services to compete in the market. One of the main goals of organizations
is to improve production capabilities through improving production and service functions. The
production’s success and promotion at any company require, undoubtedly, to set up efficient
communication, interaction, and collaboration with successful organizations in producing products in a
competitive market.

The production and service functions coincide. In fact, the production step and the step of supplying more
services are inseparable. Producing and services are two primary outputs of specialized business in
organizations, and they create value for them [16]. The producing and delivering services are not formed
in a vacuum, and they must occur in a vital context, which is the SC. The SC is a network of interconnected
tasks from the transfer among raw materials to production, transportation and distribution, material,
financial, and information flows to prepare products and services and deliver them to final customers [17]
and [18]. It should be noted that the producer is only one of the SC links, and therefore producing
innovative goods depends on other levels of the chain. Thus, the relationships and the interaction degree
between different levels of the SC become important.

The production and service functions require solutions that can realize and accelerate innovation in this
function. This research tries to provide a model and solutions to realize and promote the production and
service functions in the innovation system as a consequential function of this system and its most important
outputs. The order of solutions is also determined using the FMADM techniques [19] because the
importance of each solution’s effective in promoting new products and services is different. Therefore, the
purpose or contributions of this paper are to answer the following questions:

— What is the proper model for realizing the production and service functions in the innovation system?

What are the main challenges in achieving the production and service functions?

What are facilitating infrastructures and solutions necessary for the success of production and service functions?

What are the indicators for measuring innovation under the production and service functions?

What are the priority and order of the proposed solutions?

The paper proceeds as follows. Section 2 is a literature review on innovation, innovation system, and
production and service functions. In Section 3, the methodology of the study is provided. Section 4 is
dedicated to the results of this paper and their analysis in separate sub-sections. In Section 5, the proposed
solutions are prioritized using the FMADM technique. Finally, Section 6 concludes the article.

2 | Literature Review

The literature review is presented from the perspective of both theoretical and experimental approaches.
In fact, from a theoretical point of view, theoretical scope and, consequently, the literature is theoretical in
nature, and articles and books are used to discuss the subject in a purely theoretical manner. However, in
the experimental literature, concepts are given that cover the practical and experimental field. In a way,
articles and books have been used to discuss the subject more in the form of practical and executive
implementation. Therefore, the reason for the separation of theoretical and experimental literature has
been for better theoretical saturation and a better understanding of the subject from an experimental and
theoretical perspective.

2.1 | A Theoretical Perspective on the Production and Service Functions in the

Innovation System

The concept of production and service functions is related to three organizational levels, which generally
include three types of organizational communication: a) It relates to national borders and informal
organizations and formal institutions in a country, which plays a decisive role in the production function,

such as the scientific centers [8], [9], [20]. b) Regional systems focus on the region and are mostly related



to a specific geographical region or a limited range of production tools [21]. And ¢) Technology systems
in which the main focus is on the factors of production, release, and utilizing networks of technology
[22]-[24].

The production structure has features such as complexity and hierarchical structure that can combine
elements creating a product line [25]. It is determined how the specialization or industrial diversity degree
in the production line affects a particular industry’s creative output [23] and [26]. The widespread
complexity in producing innovative products has sometimes led to the fact that the production’s
influencing factors hinder each other or negatively affect the product innovation [27] and [28].
Therefore, an integrated system with interoperability, trust, security, and maintaining the innovative
feature of production should be provided [29]-[31]. Research on producing and delivering services is
critical because they link technological innovations to them [32].

The concept of production and service function should ultimately lead to producing a specific product
[33]. Marginal factors are related to which are not as effective as the central factors. However, their
presence affects producing or delivering the product, and their absence changes the product quality.
Central factors play a fundamental role in the production; because their absence disrupts the production.
The production function cannot be understood propetly; if the role of central and marginal factors is
not considered in the production process. Four issues should be considered in identifying the central
and marginal elements [34]: First, Innovative activities are essential, and the main focus is on the evolving
part of the production. Second, the linkers, converters, and their role in producing and creating the
proper interaction among the institutions involved in the production should be considered. Third, the
relationship between innovation systems and organizational frameworks for production is also
important. And fourth, the flow of local and global knowledge and developing communications is finally
essential to help innovative production.

The theoretical approach to the innovation system’s production function is based on four basic
traditions and, ultimately, evolutionary theory. These traditions focus on dynamism as the core of
product innovation. They make sense about networks and key elements of the innovation and
production process [35]. Those four traditions are as follows: 1) The first tradition emphasizes changes
and evolution in the sectors. Sectors change over time; therefore, much attention must be paid to their
development to produce innovative products [36]-[38]. 2) The second one emphasizes the links,
interdependencies, and boundaries of production and service sectors. These concepts concentrate on
the infrastructures that cover the sector boundaries [39]. 3) The third one is the comprehensive
innovation program, which considers innovation as an interactive process among different actors [7],
[9], [23]. And 4) The last one is an evolutionary theory that provides a general theoretical framework for
the innovation and production sector [40]-[42].

2.2 | An Experimental Perspective on the Production and Service Functions in
the Innovation System

Understanding production and service functions background in innovation systems practically and
empirically is useful. The concept of innovation systems is a combination of ideas derived from the
analysis of the following, which practically forms the production and service functions:

—  Concepts related to economic policies of producing a product in terms of production value.
—  Economic interaction in producing a product with other domestic and even foreign production organizations.

—  Economic and political changes in the production of industrial products.

No one practically expected the innovation system to be used as widely as today when the idea of
creating it was first discussed in the mid-1980s. The institutions, such as the Organization for Economic
Cooperation and Development (OECD), the European commission, and the United Nations
Conference on Trade and Development (UNCTAD), are absorbing and expanding this concept as an
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integrated part of their analytical perspective. The World Bank and international monetary funds have been
reluctant to use this concept in the past. These reasons pushed the organizations toward the innovation
system based on their economic value added by paying attention to innovation in production.

In a specific context, the focus on national systems, such as production, extends to a wider range of
globalization because today’s products can not produce innovation without using the abroad capacity,
whether in knowledge, technology, or materials. It is necessary to provide some marginalized parts of the
innovation requirements from abroad, and the central core of the innovation is formed within the country
[43]-[45]. The most obvious starting point for the production and service functions is analyzing Smith’s
labor division [46]. This analysis involves not only developing knowledge about robust production activities
but also providing specialized services. But ignoring their systematic nature, Smith assumed the innovation
and ability to build new products as an independent concept. The national production and learning systems
include a lot of national institutions, including education and infrastructure such as the public and goods
transport network. In other words, structures that emerge by collaboration and interaction of innovation
are not independently [47] and [48].

In general, we have to look for the main production context in the policymakers and innovation students’
requirements to find its roots in the innovation system. The activities of national governments and
international organizations such as the OECD led to financial benefits in the 1960s and 1970s. Therefore,
the national growth rate is different; and the economic growth rate in innovative products is one of the
reasons for the differences in the research systems of different countries. Most of the new knowledge
required for innovation comes directly from national concepts and technical research, and it even comes
through empirical research and development in many industries. It also comes from other sources such as
product manufacturers, customers, and marketers. Consequently, the idea of an innovation system for
production was formed in the Ike group in Aalborg in the first half of 1980 [49].

Some researchers developed the technological systems concept, which deals with production [50], while
some others developed the innovative systems concept that emphasizes more on product innovation [51].
Innovation must inevitably benefit from and interact with abroad structure, and on the other hand, it must
ultimately lead to innovative products. Some researchers have emphasized similar concepts, but with a
trans-regional scope having a special focus on innovation production [52].

3 | Methodology

Using an appropriate research method that depends on the objectives, the nature of the subject, and the
facilities is the scientific study’s characteristic. In summary, exploratory, inductive, qualitative research was
conducted in this study to explain a model for the production and service functions in the innovation
system. The sampling method, interviews with qualified experts, and data analysis was performed using
thematic analysis. It was necessary to use the thematic analysis method regarding the literature review,
refining information, as well as based on the concepts derived from the interviews with experts. The
thematic analysis can be well used to formulate and analyze a theme network [53]. The thematic analysis is
a method for identifying, analyzing, and reporting models and themes in the data [54].

The present study is applied-exploratory research in terms of the purpose according to the categories;
because it seeks to answer a real problem through discovering the reality. On the other hand, it is qualitative
research in terms of the method with an inductive approach. Because we use the qualitative research
method with an inductive approach in a situation where there is rich experimental data, and the existing
theories don’t explain the research question sufficiently and in detail. We need an in-depth study of the
experimental data. Therefore, it is almost impossible to understand the details in quantitative research or

review of archival data.

Our research method was based on library studies, including books, research, and related thesis in this
paper. Library studies were used to receive the basic concepts according to the objectives of the research.



Semi-structured interviews were also conducted with experts to extract practical industrial experiences
and refine the literature concepts to examine the compatibility with the existing conditions. In fact,
qualified experts were interviewed to match what exists in the field of innovation in production.
Interviews were conducted with university lecturers and experts active in large manufacturing companies
specialized in production, innovation, and SC. Experienced experts in the field of production, therefore,
confirmed the obtained concepts. Finally, a team of elite researchers in the field of innovation reviewed
the interviews’ results to exchange views and analyze them, based on the focus group in several stages.
The most important production obstacles were detected, and the necessary solutions were obtained to
improve the performance of the production and service functions after analyzing the interviews and
considering the literature summary.

A focus group is a group discussion that concentrates on a specific topic. The focus groups can be
formed to explore the perspectives’ depths of those who have different characteristics so that a situation
for free expression of information and views becomes more available [55]. Focus groups deal with a
wide range of information that other methods can not study. A focus groupis a group interview
involving a small number of demogtaphically similar people. Their reactions to specific researcher-posed
questions are studied [56]. This study’s statistical population consisted of specialized and experienced
experts, including managers, officials, decision-makers, and academic researchers. Since the researcher
uses the inclusion criterion for the interviewed experts, the sampling method was purposeful, strategic,
and based on criteria. This sampling and interviewing method continue until the concept extraction
leads to a theoretical saturation. Therefore, the twelve experts experienced in the fields of the production
industry, innovation system, and SC were interviewed in this study. We had our focus group meetings
with these experts to obtain their real valuable experiences, especially in the industry. Fig. 2 shows the
steps performed in the methodology of this paper schematically.

4 | Results and Analysis

This section analyzes and refines information obtained from the literature, interviews with qualified
experts, and a focus group consisted of innovation elites. Some of the most important challenges in
improving the innovation system’s production and service functions are identified using MAXQDA
software. Besides, some essential operational solutions are proposed. The following sub-sections
identify the infrastructures and give a role to the institutions responsible for implementing the solutions
and the indicators. Finally, a model is also presented for realizing and promoting the production and
service functions in the innovation system.

4.1 | The Identified Challenges

The main identified challenges are:
1. Lack of collaboration and proper integration at different levels of the SC in the production industries:

Many studies have shown that the lack of collaboration between different SC levels leads to a significant
reduction in production efficiency. Most experts have also stated that there was not any proper collaboration
and communication between different SC levels. Therefore, information sharing and collaboration at
different levels of the SC highly affect innovative products’ success. Many coordination and data flow
between different departments are not established and integrated well in production organizations, reducing
productivity and preventing improvement in the production and services. In fact, it is very difficult to
innovate in the SC, which faces the lack of integration at its levels and stages.
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Final refinement of the
obtained concepts according
to the research purposes

Fig. 2. The methodology of this research.

II. Lack of communication and knowledge sharing between industry and university, and lack of absorption of
clite ideas in the field of new productions:

People emerge and are reinforce new ideas in the university. The weak connection between industries and
universities, and the lack of sufficient attention to the valuable opinions of the elites, according to the experts’
opinion, has led to losing opportunities for flourishing of the ideas to produce more efficient products. Interest
confliction and diversity in industrial and academic experts’ goals have had an adverse effect on the effective
relationship between industry and academia. It seems that industries and universities have not yet achieved the
desired co-evolution, intra-action, and synergy. Factors such as lack of industry trust in the university, an
ideological perspective to the university environments, lack of industry managers’ awareness of the universities’
potential, and lack of policy makers’ long-term view have affected the relationship between and academia in
regards to the industry. On the other hand, the strict rules for communicating with the industry, insufficient
attention to solving industry problems, the lack of a strategic view, and the unfamiliarity of professors with the
industry problems have prevented the university-industry relationship regarding the university. The lack of elite
institutes in industrial project heads has also led to a lack of product innovation.

III. Lack of allocating the budget on time and lack of sufficient financial support for production industries:

Studying the interviews reveals that the cost performance and high investment in production occur during the
development of successful industries. Therefore, the lack of allocating sufficient funds is one of the main reasons
for the failure and abandonment of many projects of producing new products. An unstable economy causes
destructive effects in producing new products, but the funding must be such strong for production that no
interruption would occur at any stage of the project.

IV. Ignoring strengthening the information exchange between products consumers and researchers:

According to interviews, one of the major obstacles which prevent producing and improving new products fully
is the lack of proper communication between product consumers and researchers to address the shortages of
products made in research centers through feedback. Therefore, researchers cannot take an important step to
improve the next products; when they do not know the defects of producing the particular proposed product
in full detail. The researchers’ effective communication with the product users can certainly enhance all
shortages of a new product.



V. Lack of empowering human resources and lack of encouraging and motivating people in the

organization:

Human resources are one of the significant factors in the organization, affecting the organizational culture
and is affected by it. Lack of empowering human resources of the organization is one of the challenges that
every production industry faces to collaborate between staff and innovation in the production. The
production staff doesn’t have enough energy to produce new and efficient products if they don’t have
sufficient capability and motivation at different stages. The most critical issues that cause insufficient
attention to human resource empowerment and reduce staff morale toward their useful idea are reported.
They include lack of meritocracy, lack of strong supervision, lack of knowledge about the basic needs of
staffs, discrimination, insufficient attention to staff welfare issues, lack of informing teams about their
performance results, lack of fair payment, rapid changes in strategies, lack of matching between the
individuals’ field of study and their role in the organization, and the lack of purposeful education.

VI. Prolongation of the process of designing and producing new products due to ignoring the essential role
of the SC in supplying the materials on-time:

Paying attention to supply raw materials on-time is one of the fundamental issues to perform vatious
production stages, especially to new products associated with more challenges. Measurements to supply and
deliver materials needed for production are not on-time and in a good position, and less attention has been
paid to the essential role of the SC. Both technical and systematical inadequate measurements to provide the
required materials on-time caused some delays in the projects. This problem extends the life cycle of the

project in the operating environment and slows down the design and production process.

VIL. The existence of significant differences in different levels of power and conflict in personal and

organizational interests:

Conlflict of interest is a set of conditions that cause secondary self-interest to influence professional decisions
and measurements. Turning to personal interests and the abuse of power and position by people is another
obstacle to production progress, which unfortunately leads them away from the ideal path of producing a
product. Thus, conflicts between different personal and organizational interests, which delay paying special

attention to innovation, should not be ignored. This issue has led to considerations in the solutions used.
VIII.  Lack of attention to useful production strategies such as lean production, agility, and flexibility:

According to the interviews, important production strategy concepts, such as lean production, agility, and
flexibility, are not well considered in producing new products due to limited resources in terms of time and
cost. In contrast, several institutes pay more attention to these production techniques in the leading countries

in producing new products.

IX. Changing officials of production organizations frequently and discontinuing previous innovative
projects:

The frequent change of officials is another problem in production organizations that prevents the previous
innovative projects from being propetly pursued until that project is partially completed or fails. Different
people are responsible for the essential parts in a cross-sectional manner, and there are differences of taste,
which creates an atmosphere for organizational instability because people change periodically. Therefore,
there is no integration in making decisions and implementing them until the desired result is achieved.

X.  Hasty decision-making due to fear of lack of time and enough experience regardless of past

documentation:

Enough attention is not paid to proper timing in developing technologies and the emergence of efficient
problem-solving innovations. It is not also possible to use the experiences obtained from earlier causes of

success or failure without correct and enough documentation.
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XI. Otrganizational inertia despite the incredible intensity of changes in the need for new products and

rejecting changes in traditional processes by officials:

Failing to adapt to rapid changes, and to analyze them deeply, surprises those who don’t have the necessaty
knowledge about the sources of the changes. An organizational inertia problem prevents changing the structure
or emerging any improvement ideas in any organization. Inertia in an organization is a pest that prevents
dramatic changes in producing a new product. Steps must be taken vigorously to create dynamism within
organizations. Some traditional processes don’t need to exist in production organizations, and their complexity

should be reviewed seriously.
4.2 | Suggesting Solutions to Address the Challenges

A summary of the main solutions proposed to overcome the challenges and improve production are as
follows. We discovered the challenges and some of the solutions from the interviews. The other solutions

were proposed based on our in-depth studies, and some practical inspections.
1. Forming collaboration and creating appropriate and efficient integration at different SC levels:

It is important to pay attention to the SC’s conceptual model, based on moving towards collaboration. The first
important point is to define the coordinating team for each SC [57]. The collaboration protocols should also be
defined based on the overall needs. Developing better communication between different levels of the SC should
be considered. It is necessary to consider improving the performance and occurring innovation within different
SC levels to tackle the challenges in the SC and innovate the production. Each department should have a strong
manager with relevant expertise who monitors the collaboration and integration between all sectors. In
summary, the integrated SC’s loops in producing a product should work together to innovate in producing
goods. Significant production innovations can only be achieved in a collaborative environment. It is
recommended to follow the model in Fg. 3 to start and strengthen the collaboration. This figure described that
the collaboration should be created between all levels of a specific SC.

II. Strengthening efficient communication and knowledge sharing between industry and university:

Universities and industries are islands that are sometimes bridged together with small projects. The relationship
between industry and academia should be strong to prevent implementing projects in the industry without
consulting academic professors. This should be a two-way relationship, and academia should try to solve
industries’ problems. Managers should trust science in any place, and academia should know that its life depends
on solving real-world problems. There are suggestions for strengthening collaboration between academia and
industty, including hiring academic graduates by industry, holding conferences in participation with both parties,
establishing companies by academic professors, holding meetings and informal communication, transfer of

researchers between academia and industry, consulting contracts.
III.  Allocating the budget at the right time and providing adequate financial support for the production:

Proper investing in producing any new product that passes the design and scientific feasibility evaluation stages
always solves many key production problems. The wise investment has been one of the reasons for developing
some production industries. Adequate and on-time financial support is certainly needed to meet and promote

producing any new product success.
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IV.  Strengthening communication and effective information sharing between customers and researchers:

Producing a product can be enhanced when academic researchers know the defects of a product made during
its use. Establishing the proper connection through the effective information sharing between the user and
the designer informs how a new product works. Therefore, efficient communication should be established

between the researcher and the customer to improve a new product in future productions.
V. Empowering human resources, as well as applying proper encouraging and motivating:

Empowerment enables the organization to react more appropriately to the competitive production
environment’s dynamics by training motivated and capable people to present their practical ideas.
Empowerment helps to collaborate for a new production at different SC levels through a super-motivated,
psycho-political, psycho-symbolic, and relational perspective. The production organization should consider
rewards for those who make efficient suggestions. Practical measurements for human resource
empowerment include: 1) Demonstrating leadership commitment, 2) Considering staff benefits, 3) Training

staff, and 4) participating staff in planning and sharing performance information.
VI.  Using the most efficient experiences to supply the required materials on time and design a strong SC:

Attention should be paid to the supplier of raw materials in producing new products, and their performance
promotion should also be affected by proper collaboration via designing an appropriate SC [58] and [59].
Using production methods that are less dependent on the supplier is one way to reduce the dependency of
an organization’s output on its suppliers. Buying management activity identifies their basic needs by
establishing proper communication with different parts of the organization. The manager then selects the
best ones in terms of price, delivery time, and quality using selected suppliers.

VII.  Paying more attention to the staff needs to increase their organizational interests and loyalty:
Undoubtedly, human abilities can be used to advance the organization’s goals. This requires providing the

necessary prerequisites for employees and requires investment and comprehensive attention to human
resources. People work in an organization to meet personal needs through income. Paying enough salary to
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meet the person’s needs, on the one hand, and having a fair system to pay rewards, on the other hand, are the
factors that affect employee loyalty.

VIII. Changing managers’ view on production strategies, including lean production, agility, and flexibility:

Efficient production strategies cannot be ignored to improve production. Therefore, it is necessary to pay
attention to useful concepts, such as lean production, agile production, and flexibility. Flexibility in production
enables transferring production technology and knowledge from the external environment. A negative role is
considered for the unfinished goods stuck in storages, in lean production. Lean production uses the philosophy
of continuous improvement. Besides, Agile production is a production system with tremendous capabilities to

respond quickly to demand changes [60] and [61].
IX. Efforts to strengthen the stability in completing past innovative projects, even changing managers:

In many cases, when the director of a department or the head of an organization change, they leave many
previous projects entirely and start new projects. Changing the person’s place in different parts of the production

organization should not abandon previous innovative projects.
X. Being patient to avoid ineffective immediate decisions without considering past experiences:

Both enough specialization and avoiding rushing are essential in deciding to produce new products to meet

appropriate results by referring to previous experiences.
XI. Changing officials’ opinion to turn into up-to-date processes and deal with organizational inertia:

The organization’s managers and senior officials are the most important force at the evolution forefront in the
transformation route towards improvement. Because accepting evolution in the first stage depends on the senior
managers’ opinion. Many managers do not accept changes easily and resist change. The organization managers
have to look for ways to manage employee resistance to new processes. The organizational culture should be

reformed to reduce organizational inertia.
XII. Reducing the complexity of the process structure in production companies:

Various processes in production companies need to be reviewed, controlled, and improved. Some long approval
processes and complex structures reduce the efficiency and productivity of the organization. Thus, the relevant

structures should be improved by focusing on creating innovation and change in the organization.
XIII. Avoid the traditional buteaucracy systems and move to some automatic systems:

Unfortunately, some of the old paper-work approaches prevent on-time progress. Sometimes, traditional
bureaucratic systems have to be avoided and structures to be broken down to allow innovative ideas to produce

new products. All managers should make an effort to use some automatic systems [62].
XIV. Paying attention to prioritizing to produce new products based on needs:

SC operations should focus on the operator needs strategy and prioritize producing new products to meet
customer needs. The successful and innovative production industry is always aware of priority in producing
goods.

4.3 | The Infrastructure for Realizing Production and Service Functions

In this section, the necessary infrastructures for realizing and promoting the production and services
through implementing the proposed solutions are presented with the aim of innovation. To improve
production, it is essential to draw attention to the existence of infrastructure. Paying attention to the
infrastructures that have led to the significant success of some production industries can be an approach



to reinforce the infrastructure to innovate producing other products. The provided infrastructures are
one of the key prerequisites, which are: 1) financial infrastructure, 2) scientific infrastructure, 3)
technology infrastructure, and 4) human resource collaboration and SC collaboration infrastructures.

The first and most important step considered in progress in various cases is strengthening the financial
infrastructure. A strong financial infrastructure is needed for doing something from the beginning to
the end without wasting time and energy. A planned financial infrastructure for producing new products
can be considered necessary because progress in some production industries has required financial
infrastructure. Finding loyal suppliers to supply the needed raw materials requires strong financial
resources to deliver the best parts without financial worries when a shortage occurs. Providing the most
advanced technologies and computer systems as well as hiring the best specialists need financial
resources.

You must also have an advanced scientific foundation to have a successful production [63]. University
is the first scientific center in the country. The relationship between the university and industry should,
therefore, be tight. The production industries should attract academic elites and hold periodic meetings
with university professors to share information. A special focus on scientific infrastructure flourishes
efficient ideas, innovations, and up-to-date technologies.

On the other hand, technology infrastructure provides the basis for connecting all infrastructures.
Technical knowledge is one of the main prerequisites for any project, including information about the
technical design process. Failing to produce and commercialize a technology or product means the
innovation and technology cycle remains incomplete [64]. Therefore, the technical knowledge transfer
model is a document that defines the path of transferring technical knowledge of a project to the industry
and determines the tasks of all departments. The sharing technical knowledge model leads the results of
research carried out by researchers for several years to achieve the desired output and avoid wasting
huge research costs. Undoubtedly, the progress on producing new production becomes possible by
using a strong technology and promoting it.

Finally, the key to meet significant production success in any production industry is its human resources.
Indeed, other infrastructures will not also work efficiently if the human resources are not motivated and
can not collaborate and interact effectively. Specialists and elite, who have efficient ideas and proper
interactions, are necessary for different parts of the production.

4.4 | Giving A Role to the Institutions Responsible For Implementing the
Solutions

A map showing the main actors and their interactions can clarify gaps and structural bartiers. This giving
role helps to identify inconsistencies and shortcomings in support programs. Thus, studying institutions
can explain many of the obstacles in the occurrence of innovation. The role of each of the active actors
in the innovation system becomes clear using giving a role to institutions. Institutions that work together
to innovate in producing new products and services are

Policy-making institutions. These institutions are, in fact, the shapers of macro-policies and
innovation development programs. Planning organizations are formed to create SC loops in producing
new products, integrate relevant tasks, and dividing tasks between those in charge of the production,
directing, and controlling the tasks of different parts of the production. It is responsible for formulating
policies, implementing and evaluating them, and allocating budgets. Human resource and funding
organizations are associated with this institution.

Academic and research institutions. These institutions, along with industrial centers, are involved in
creating and publications new knowledge and give the conditions for cultivating the human resources
needed for innovation. A close connection should be between production industries and universities as
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the centers for nurturing elites in producing new products. In fact, the university is considered as the
production and publication institution of science, and the spunk of the innovation and innovative products
starts from the university. Industrial companies, on the other hand, receive advances in science and

technology from the university.

Industrial institutions. Industrial production institutions have a duty of producing new products, along
with universities, and with integrated collaboration. These institutions play a key role in innovating and
exploiting knowledge. One of the industrial organizations involved in producing new products is the design
office. One of the key activities in the design offices is preparing and formulating the production
documentation and product supplies on the production line. This issue comes from the proper interaction
between designers and manufacturing engineers.

Intermediary institutions. Intermediary institutions established to integrate all innovative production
activities and transfer knowledge and technology to production companies. In particular, some institutions
facilitate the innovation process and the conditions for the necessary interactions. Some of the most
important roles of these institutions are: helping to create research and industrial networks, creating
databases, supporting the technology transfer centers, developing the international collaboration,
developing the interaction between scientific and industrial sectors, a research evaluation system, a
researchers’ recruitment system, developing funds for supporting the innovation, holding conferences. In
fact, intermediary institutions are SC loops that help facilitate the production process.

The role of institutions related to the production and service functions and their relationships in the
innovation system is given in Tabl 1. The first column shows the five kinds of activities influencing the
production and service functions. The second one describes the roles of the related institutions for realizing
the considered functions. Finally, the last column determines the institutions which play a critical role in

those functions.
4.5 | The Production and Service Functions Evaluation Indicators

The main indicators for evaluating the results of innovative products are identified in this section. There
are several indicators for evaluating the production and service functions in the innovation system.
Evaluating these indicators shows the level of capability and the performance of each system in the field
of innovative production [65]. The final results of the innovation system indicate the produced innovative
products and their effectiveness level. The degree and the application of the innovation can be a reason to

compare organizations that produce new products.

Indicators for evaluating the results of innovative products are as follows: 1) The number of product
innovations, 2) The number of process innovations, 3) The number of new products that have developed
the knowledge frontiers, 4) The degree of novelty and evolutionary of innovative products compared to
the current situation, 5) The level of effectiveness of innovative products from a strategic point of view, 0)
The importance of the needs met by innovative products, and 7) The degree of alignment of producing
new products with the demands.



Table 1. The role of institutions in the field of the production and service functions in the

innovation system.

Type of the Activity

The Roles in Realizing
the Considered Function

Relevant Institutions in
Realizing the Considered
Function

1- Policy-making, leading,
and organizing the
production, and service
delivery with innovation.

2- Providing and facilitating
financing, and developing
product production
infrastructures, and
providing innovative
services in the production
industries.

3- Developing human
resources to produce

products and provide
services.

Developing and approving
policies.

Implementing the policies.
Evaluating and monitoring
the policies.

Allocating the production
budgets and providing
innovative services.

Supporting the innovation.

Supporting the innovation

in the production industries.

Developing standards for
new products.

Reinforcing intellectual
property protection.

Modifying and reinforcing
production programs and

developing human resource.

Re-engineering and
modifying the composition
of the human resources.

Reinforcing the
postgraduate courses
according to the needs.

Developing technical and
vocational training and
training skilled
technologists.

Developing specialized and
technical training.

Attracting and employing
the elites.

Through the board of trustees in
the production industries.

Implementing in all production
industries.

Members of the decision-making
board of the production industries.

Accounting department, and
decision-making board of trustees
board, as well as the production
industries planning department.
Section of supporting the
innovation in the production
industries.

Developing the production
infrastructures and providing
innovative services in the
production industries.

Standard center in the production
industries board of trustees.

Section of registering the
innovation and the invention in the
board of trustees.

The deputy of human resources,
with the assistance of the deputy of
industrial affairs and the
production industries board of
trustees.

The deputy of human resources,
with the assistance of the deputy of
planning & programming as well as
the production industries board of
trustees.

The universities and the research
centers in collaboration with the
production industries board of
trustees.

Production industries in
collaboration with the universities
and the research centers.

The deputy of human resources in
collaboration with the industties,
the universities, and the research
centers.

The industrial organizations, along
with the production industries
board of trustees.
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4.6 | The Model of Realizing and Promoting the Production and Service Functions

According to the research purpose and based on the identified challenges and proposed solutions, the
model of realizing and promoting the production is presented. The complexity of producing innovative
products is emphasized before presenting the model, which needs improving the fundamental abilities.

According to the specific innovative products’ characteristics, some factors complicate producing the
innovative products as the output of the industry’s innovation. The innovative products are considered the
capital products which are expensive and have advanced technologies. They are produced in small and
customized projects and batches. These products ate produced to meet the specific customers’ needs, and
they differ from those standard consumer products made by a mass production strategy. Undoubtedly, the
production of complex products has a significant impact on developing innovative technology and
industrial and economic development. The more attention is paid to the production of complex products,
the better point is expected for the industry and the economy. Therefore, we need to improve critical
capabilities closer to the current and future technological production capabilities for complex products.
Indeed, paying attention to enhance these capabilities significantly affects the innovation system’s main
output, namely producing and delivering innovative products and services. Key capabilities to be upgraded
to facilitate the occurrence of the innovation and promote the innovative production of the most
sophisticated products; are:

1) Technological capabilities, 2) Testing, manufacturing, and production capabilities, 3) Capabilities to
create integration, 4) Capabilities to reinforce communication and collaboration, 5) Capability to manage
and plan large-scale projects, 6) Capability to manage and control the knowledge flow, and 7) Capability to
manage the market and communicate with the customer.

According to this study results, Fig. 4 presents the model of realizing and promoting the innovation
system’s production and service functions. In this model, the key factor for achieving and promoting the
production of innovative products is to pay attention to the effective central institutions and reinforce their
interactions. It was necessary to point out the main features and roles of these institutions promoting and
improving the production industry’s relevant capabilities to identify them better. Solutions to complex
challenges were also presented. This model’s overall goal is to move beyond the current state of production

to improve and enhance it.
5 | Prioritizing the Solutions by the FMADM

In this section, the proposed solutions are prioritized based on the total obtained score of each solution.
For this purpose, each expert is first asked to rate each of the 14 solutions. The rating given to each solution
is based on how much that solution can increase the key capabilities mentioned in the previous section.
Therefore, each solution’s scoring criterion is how much the solution’s desired effect has had on increasing
the key capabilities needed to improve producing and delivering new services. A weight value is also applied
to each key ability (as a criterion), which is effective in calculating each solution’s score from each expert’s

perspective.

The weight given to each criterion is obtained using the pairwise comparisons matrix. In this paper, the
verbal expressions and the fuzzy triangular numbers in Table 2 are used to calculate weight in the pairwise

comparisons.



Fig. 4. The model of realizing and promoting the innovative production and services.

According to the expert opinions’ aggregation, the pairwise comparisons’ integrated matrix is as shown

in Table 3.

Table 2. The verbal expressions and the fuzzy numbers.

Code The Verbal Expression The Fuzzy Number
1 Equal preference (1,1,1)

2 Low to medium preference (1,1.5,1.5)

3 Medium preference (1,2,2)

4 Medium to high preference (3,3.5,4)

5 High preference (3,4,4.5)

6 High to very high preference (3,4.5,5)

7 Very high preference (5,5.5,6)

8 Very high to quite extremely high preference  (5,6,7)

9 Quite extremely high preference (5,7,9)
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Table 3. The integrated matrix of the pairwise comparisons.

s 1 2 3 4 5 6 7

s

S

1 (1,1,1) (1/2,3/4,1) (1/2,3/4,1) (1/4,3/10,1) (3/4,5/45/2)  (3/4,5/4,5/2) (1,5/4,9/4)

2 (1,4/3,2) (1,1,1) (1/4,3/4,2) (1/4,1/2,5/4) (1,7/4,13/4) (5/4,7/4,3) (1,2,3)

3 (1,4/3,2) (1/2,4/3.4) (1,1,1) (1/4,3/4,1) (5/4,7/4,3) (3/2,7/411/4)  (1,9/4,11/4)
4 (1,10/3,4) (4/5.2,4) (1,4/3,4) (1,1,1) (9/4,3,15/4) (2,13/4,15/4) (5/2,3,7/2)

5 (2/5/4/5/4/3)  (4/13,4/7,1) (1/3,4/7,4/5) (4/15,1/3,4/9) (1,1,1) (1/4,3/4,2) (1/2,1,3/2)

6 (2/5/4/5/4/3)  (1/3,4/74/5)  (4/11,4/72/3) (4/154/13,1/2) (1/2,4/3.4) (1,1,1) (3/4,1,5/4)

7 (4/9,4/5,1) (1/3,1/2,1) (4/11,4/9,1) (2/7,1/3,2/5) (2/3,1,2) (4/5,1,4/3) (1,1,1)

We use the extent analysis method proposed by Chang [19] to calculate this table’s weight. This method
was employed due to its distinguished applicability in such kinds of evaluations, and also it is the most
common fuzzy prioritization approach among researchers. It is almost a more accessible method when
compared to other approaches on FMADM, and it applies linguistic variables to consider the comparative
observations made by respondents. The technique requires lower calculation complexity than other
techniques when executing. Moreover, it was confirmed to be a suitable method in undertaking practical
MADM problems. It showed the benefit of capturing human thinking’s ambiguity and solving the problem
by a structured and straightforward process. This method’s results are reported below according to the
method presented by Chang, which is also explained in detail and used by Hassanzadeh and Asghari [60]
and Shafi Salimi and Edalatpanah [67].

1 1 1
92.61'58.4"38.12

s, =(4.75,6.55,11.25) ®( ] =(0.05,011,0.3). (1)

The other s values will be calculated in the same way. To calculate V values,

1 1 1
s, =(5.75,9.08,15.5)® — =(0.06,0.16,0.41). 2
= ) [92.61 58.4 38.12] ( ) ©
s, =(6.5,10.2,16.5)® 1 11 =(0.07,017,0.43). 3)
: 92.61°58.4 3812
0.06-0.3
V (s, >2s))= =(0.843. 4
"% (011-0.3)—(0.16-0.06) @
V(s,=s,)= 0.07-0.3 =0.793. )

(011-0.3)-(0.17-0.07)

All of the V values are reported in Table 4.

Table 4. The calculated V values.

vV 1 2 3 4 5 6 7
1 1 0.843 0.793 0505 1 1 1
2 1 1 0948 0.686 1 1 1
3 1 1 1 0734 1 1 1
4 1 1 1 1 1 1 1
5 0.860 0.683 0.617 0325 1 0948 0.995
6 0923 0759 0.697 0413 1 1 1
7 0857 0.672 0.604 0305 1 0950 1




d'(Criteria 1)=V (s, >s,,5,,5,,5,,5,,5, ) =min(0.843,0.793,0.505,1,1,1) =0.505.
d’(Criteria2) =V (s, >s,,5,,5,,5,,5,,5,) =min(1,0.948,0.686,1,1,1) = 0.686.

d’(Criteria3) =V (s, =s,,5,,5,,5,,5,,5, ) =min(1,1,0.734,1,1,1) = 0.734.

The other d’ values will be obtained in the same way. Therefore,

W' = (0.505,0.686,0.734, 1,0.325,0.413,0.305).

via normalization, the final weight vector for each criterion will be obtained as follows:

W :(0.13,0.17,0.19,0.25,0.08,0.1,0.08).

Table 5 shows the scores that the first expert has given to the 14 proposed solutions.

Table 5. The first expert scores for the proposed solutions.

Criteria (Capilities) with Their Weights

"
§ 1 2 3 4 5 6 7 2
;2 0.13 017 019 025 0.08 0.1 0.08 w§
st 5 7 9 9 5 5 5 709
2 7 5 5 9 3 3 3 574
3 7 7 5 5 5 5 5 560
S4 3 9 7 9 3 3 9 G675
s 5 5 3 5 7 5 7 495
S6 3 9 5 5 5 3 1 492
s7 3 3 3 5 7 5 5 419
8 7 5 9 9 5 5 5 700
9 5 3 5 7 7 3 5 511
S50 5 9 5 5 5 3 3 533
si1 5 5 3 5 5 3 3 427
S12 3 5 5 5 5 3 3 438
S13 3 3 5 5 3 3 5 403
St4 1 5 5 5 5 3 3 413

Each solution’s final score is calculated when all experts’ scores for each solution were obtained based
on the effect of each solution on increasing key capabilities. According to the weighted aggregation of
experts’ scores, each solution’s final score is reported in Table 6. The weight given to the scores obtained
from each expert in the previous step is calculated by the projection method.

©)

()

(8)

©)

(10)
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Table 6. The final score for each solution calculated by

the weighted summation of all experts’ scores.

Experts with Their Weights

1 2 3 4 5 6 7 8 9 10 1 12
0.04 0.3 0.09 0.09 0.04 0.09 0.13 0.09 0.09 0.13 0.04 0.04
709 754 0683 732 716 723 692 0686 7.18 7.08 679 7.84 7.145
S2 574 639 576 589 575 586 5062 555 581 583 528 0632 5.841
S3 560 594 537 576 559 568 54 539 569 561 509 622 50614
S4 675 728 66 691 678 06.82 0654 0655 688 693 627 744 06.827
S5 495 523 471 52 51 509 485 476 502 508 459 557 5011
S6 492 536 484 508 495 5 479 477 503 499 4061 543 4990
S7 419 448 405 437 428 428 41 409 423 429 388 4.62 4245
S8 7 751 675 724 7.04 71 682 671 706 71 639 773 7.051
S9 511 544 491 528 516 522 5 498 522 522 472 566 5.168
S10 533 5068 515 551 541 544 523 516 545 549 491 598 5402
S11 427 452 41 442 429 433 416 414 436 438 394 4.64 4305
S12° 438 452 415 453 441 441 428 421 442 442 403 483 4381
S13 403 431 391 414 405 411 392 393 413 4.09 387 441 4076
S14 413 448 409 424 416 419 409 399 422 415 377 458 4185

Scores

£ Solutions

Finally, the solutions’ prioritization is as shown in Table 7 according to their scores.

Table 7. The final priority for the proposed solutions.

Priority 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Solutions  S1 S8 S4 S2 S3 S10  §9 S5 S6 S12 - S11 §7 S14  S13
Scores 714 705 683 584 561 54 517 501 499 438 43 424 418 408

Table 7 described that the most effective solution to improve production and service delivery in the
innovation system is the first presented solution. Solution 1 emphasizes forming collaboration and creating
appropriate and efficient integration at different SC levels. This solution has the highest priority and should
be employed more than ever. The second priority is Solution 8, which its score based on the experts’
opinion is close to the first priority. Based on Solution 8, managers should change their view on production
strategies, including lean production, agility, and flexibility. Via the extent analysis method proposed by
Chang, the third priority has been obtained implementing Solution 4. This suggested solution points out
that communication and effective information sharing between customers and researchers should be
strengthened. The other priorities for the proposed solutions can be seen in Table 7. It may be interesting
if we glance at the last priorities, which have less impact on improving production and service delivery in
the innovation system compared to the other solutions. The last priorities are Solutions 14 and 13,
respectively. Solution 14 is paying attention to ranking new products to produce based on needs. Besides,
Solution 13 confirms the effect of the traditional bureaucracy systems and recommends moving to some
automatic systems to improve production and service delivery. Experts believe that these two proposed
solutions can have less impact on production and service delivery improvement.

6 | Conclusion

In this paper, we attempted to extract challenges and propose solutions to improve production and service
delivery in the innovation system. For this purpose, twelve interviews were conducted with qualified
experts. Besides, fifteen elite researchers in the innovation field discussed the results in focus sessions and

refined practical solutions after an in-depth review of the extracted information. Therefore, a qualitative-



exploratory study was conducted. The responsible institutions’ role was determined to identify
inconsistencies and shortcomings in support programs. The necessary indicators were mentioned to
evaluate the innovative production factors after providing the required infrastructures to meet the
production promotion.

Moreover, the FMADM technique was also used to prioritize the discovered and suggested solutions
based on the importance of influencing the production promotion. The results show that the main
solution is to form the collaboration and create an efficient integration at different levels of the related
SC. Finally, a model was presented for improving the production and service functions in the innovation
system. In this model, the key factor for achieving and promoting innovative products is paying attention
to the effective central institutions and strengthening their interactions. This model’s overall goal is to
move beyond the current production state to improve and enhance it. There are some suggestions to
develop this paper. A significant successful product can be studied to extract insights into its
development. It is also good to conduct more interviews with experienced and senior operational
officials in the production industry.
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