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Abstract: The main purpose of this study is to investigate the mediating role of innovation practices (IP)
amidst relations of knowledge management practices (KMP) and sustainable balanced performance
(SBP). Furthermore, this research illustrates a comprehensive empirical study in the Iranian
knowledge-based industrial companies that are the manufacturers of advanced machineries and
equipment. First- and second-order exploratory factor analysis (EFA) was done to confirm constructs
validity. Then, relations among variables were studied by applying the partial least squares (PLS)
technique to collected data from 104 industrial knowledge-based companies. The results obtained
from the analysis supported all the research hypotheses. KPM significantly and strongly affects IP
and SBP. Also, IP mediates the relations between KPM and SBP in industrial knowledge-based firms.

Keywords: knowledge management practices; innovation practices; sustainable organizational
performance; sustainable balanced scorecard; Iran

1. Introduction

Due to the importance of knowledge-based companies in the Iranian industry [1], it is necessary
to pay particular attention to the performance management of these companies because the emergence
and sensitivity of knowledge-based companies performance management affects their survival, growth,
and maturity. Performance is a multi-dimensional concept and can be affected by many components,
but with a balanced and sustainable approach, it is possible to see how a comprehensive approach could
improve performance. In fact, the main topic of the present research is to address the issue of empirical
study about sustainable balanced performance (SBP) in the context of Iranian knowledge-based
companies. These companies, in order to attain their set corporate vision, should attempt to increase
the existing synergy in all the aspects of business. To achieve this important goal, top managers of
knowledge-based companies select, implement, and develop activities related to business and make
attempts to cope with the inconsistencies. Ref. [2] states, that implementation of sustainability issue
related to strategic system (such as performance management) requires knowledge and the application
of management tools. Knowledge, activities focusing on knowledge, and knowledge management
systems have continuously been able to act as a suitable drive for the growth and development
of organizational performance [3–6]. Knowledge-based and technology-driven companies, as a
knowledge system, are always counted as a main resource for social growth and wealth creation [7]
that, because of their roles in social, economic, and international competitiveness, paying attention
to their activities was crucial [8]. Researcher believes that innovation activities are considered as an

Sustainability 2019, 11, 5129; doi:10.3390/su11185129 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-3396-3132
http://www.mdpi.com/2071-1050/11/18/5129?type=check_update&version=1
http://dx.doi.org/10.3390/su11185129
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 5129 2 of 23

important and key source in accessing competitive sustainable advantages, flexibility, and overcoming
inconsistencies [9]. According to study by [10], and by searching in scientific engines like Web of
science and Scopus, we found that most research and studies in the domain of SBP are based on a
mathematical approach [11,12]. In addition, other researchers have paid attention to performance
issues according to traditional approaches [13–15]. Although these studies [11,12] have addressed SBP
issues, to the best knowledge of the authors, the concept of SBP has not been addressed in an empirical
study. Therefore, in order to bridge the extant gap in the literature, this study was done.

The main objective of this research is to study the impact of knowledge management practices
(KMP) on SBP by emphasizing the mediating role of IP among industrial knowledge-based companies
manufacturing advanced equipment and machinery. The main question for activists and business
owners in a knowledge-based economy is how organizations can create value and a new business
model as well as how to present appropriate performance of their products and services by exploring
and exploiting different layers of knowledge in order to obtain strategic results, growth, and survival
of a business along with a sustainable balanced performance by focusing on potentials and capacities
of knowledge according to environment changes and activities of competitors. However, paying
attention to different aspects of performance has always had an impact on activities of managers and
organizations. It must be noted that organizations can develop organizational capacities by considering
activities related to business development such as knowledge activities or increase the organization
strength in face of changes and inconsistencies by enhancing acquisition capacities [16] such that the
business environment improves by focusing on innovation activities.

With the increase in global competitiveness in main industries, governments have attempted to
emphasize the growth and development of industrial activities based on knowledge by presenting
support policies. One of these most used industries is the machinery industry (the industry of
producing advanced equipment and machinery), such that its status had an impact on industrial and
productive development of the country. The survey of the situation of the Iranian machinery industry
showed that this industry, despite high human capacity and industrial opportunities and a desirable
market at the national and international level, has not been able to achieve a superior performance
against its competitors.

In this research, we have tried to answer the two identified scientific and applied gaps.
First, as previously mentioned, there is a negligence of empirical research on SBP. Also, the relationship
between KMP and SBP and the mediating role of IP have not been considered. Second, due to the role
of knowledge-based companies in the national economy of Iran, efforts have been made to improve
the performance gap among the surveyed companies through presenting and validating a conceptual
model that might serve a set of guidelines and a comprehensive view for executive managers and
policymakers in this industry in order to be able to play an effective role in the improvement and
growth of knowledge-based industries. Managers and policymakers, by paying attention to the
presented conceptual model and development of this model at the macro level, can help increase the
capabilities of the industry. Pursuing current research objectives may be relevant from both a scientific
and a managerial standpoint because knowledge-based companies, in addition to executive activities,
need to keep their operating structures up-to-date by the scientific approach. Since the resources
of countries for entering in all the aspects of technology is not sufficient, it is important to inspire
economic growth and business dynamism by concentrating on the most important industrial activities
with the maximum competitive advantage. In this regard, the current research has attempted to fill
the performance gap within the studied firms by examining a scientific hypothesis. This research
provides the concepts, functions, and guidelines in the field of organization and management for
active entrepreneurs in the knowledge-based economy to enable their firms to achieve higher success
in value and wealth creation through the application of the presented concepts. The main issue of the
present research can possibly be studied under the following question:

How do KMP and IP impact SBP of industrial knowledge-based companies, manufacturing
advanced equipment and machineries?
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Although research on the subject of knowledge management, innovation, and performance
has been vastly investigated by other researchers, as discussed, the novelty of the current study
is to develop an empirical study about SBP in Iranian knowledge-based industrial companies,
which are the manufacturer of advanced machinery and equipment. In the following paper, after
explaining theoretical foundations, the research background will be studied, and the conceptual model
and research hypotheses obtained from theoretical foundations and background will be presented.
Then, the research methodology is studied, and finally, the results are scrutinized through an analysis
of the findings.

2. Theoretical Foundations and Research Background

In this research, the influence of three main variables in organization is studied (knowledge
management, innovation, and sustainable balanced performance). Therefore, it is advisable to
consider a conceptual and inter-functional chain for these concepts. To achieve desirable performance,
organizations must enhance infrastructures and soft and hard currents to become able to shape
regular mechanisms by adapting infrastructures and working systems such that they get remarkable
results through exploitation of this field and business dynamicity. By adapting current dynamisms
in knowledge management and innovation practices, organizations can expect proper results and
improved performance. KMP has a holistic effect on business dimensions. In this regard, Garcia-Morales
et. al. [17] and Tang et. al. [18] refer to the role of activities and capabilities of knowledge and innovation
for the benefit of businesses. Other benefits of knowledge management activities for the organization
include the following:

- KMP reinforces purchasing activities [19];
- KMP reinforces logistics activities [20];
- KMP is appropriate enabler for firm performance [21];
- KMP shows its effects on performance evaluation and creation of a proper value chain [22].

Ahmad et al. [23] add that knowledge management is a topic around the increase in strength
of an organization to benefit from correct methods of information management and organizational
acquisition, which can influence operative performance, business, and organization. Focusing on
innovation activities, we can expect the business to grow and flourish [24] such that the business becomes
hopeful of its survival by improving performance [25]. Shujahat [26] believes that knowledge-based
employees can boost the relationship and the impact between knowledge management and innovation.
In the following, each studied variable is presented with a review of the literature.

2.1. Knowledge Management Practices

Knowledge management practices result in the supply of competencies and required capacities
to empower the organization (value creation) through knowledge discovery and novel methods [27].
Knowledge management functions develop innovation capacities [28] and functional outcomes [29,30].
Applying knowledge management practices like creating and sharing knowledge leads organizations
to growth, innovation, the creation of new business models, and the creation of proper position
in their own industry. It can be stated that, with creation and expansion of knowledge networks,
not only organizations benefit, but it can be beneficial for the society, environment, and economy [31].
By developing knowledge activities, an organization designs a proper strategy to interact with the
environment [32], which create a sustainable competitive advantage by leading these activities [33].
The vastness of knowledge management practices is of high importance, to the extent that it fertilizes
general and technical capacities in the organization along with the impact on innovation practices
within the organization [34]. Knowledge management increases the formality of accessing experience,
knowledge, expertise, and new abilities and increases the value transferred to customers by encouraging
innovation procedures. The results obtained from this procedure, improves knowledge and experience
in organization along with improvement of innovation [35]. By collecting experiences of presented
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values to customers, innovation capacities remain in the long run [36]. Knowledge management
practices in this research are considered through four aspects (knowledge creation, knowledge
acquisition, knowledge storage, and knowledge sharing) based on the studies of Valmohammadi and
Ahmadi [37].

2.2. Innovation Practices

Innovation is a vital element for the success of organizations to create a series of profitable long-term
activities [38]. Innovation and soft activities in an organization are inseparable. The dependence of these
two dues on social changes and economic challenges makes innovation systems more complex [39]. As a
consequence, it is best that organizations cooperate with academics to overcome this complexity and
lead to new and innovative products, services, and work procedures. Innovation consists of exploring,
discovering, sharing, and benefiting from knowledge to achieve a new product, knowledge, or process
that can alter the skills, standards, technologies, services, and products of the organization [40]. In fact,
innovation in a product refers to the invention and creation of new products and services and making
them commercialized, but innovation in processes refers to the application of novel technologies and
the creation of fundamental changes in a product manufacturing or a service [41]. Un and Asakawa [42]
believe that cooperation of organizations and knowledge centers can positively affect innovation within
the process of products and services. Innovation changes science and technology, leads to growth and
economic development, and provides proper solutions for removing social issues and economic crises
by introducing products and services based on benefits of society, environment, and economy, such
that it creates new values by creation of new chances [43]. Many aspects of innovation process must be
considered to make research and development policies during the changes. Innovation is a challenge
for alternative manufacturing but is responsible for its implementation and study of the results. In other
words, innovation is responsible for research development, statement, and stability [44]. It must be
noted that cooperation between knowledge-based organizations and universities can help in meeting
the expectations of innovation [45]. Also, cooperation between industry and university can be as a
driving force for growth and development of innovation in all its aspects [46]. Researchers emphasize
that the components applied for studying innovation variable in conceptual model of research is based
on studies conducted by Valmohammadi [47].

2.3. Sustainable Balanced Performance

In order to create a comprehensive mechanism for success against economic dangers and
confronting environmental, economic, and social problems, organizations need comprehensive
approaches to overcome threats, obtain success, and react properly to responsibilities in society and
the environment [10]. The origin of these approaches and tools considering sustainable balanced
performance and sustainable-oriented management can be traced in the concepts presented by Kaplan
and Norton [48,49]. Sustainable balanced performance can be sought in the goals of integration and
organizational strategies with social, ethnical, and environmental goals [50]. This integration of goals
can be created by considering current performative measures, designing a new performative measure,
and linking among measures. Studying the impacts of knowledge management and innovation
practices in the studied companies was going to discover the effects of these variables on corporate
sustainability management. Studying these effects on sustainable balanced performance and corporate
sustainability management was conducted through a sustainable balanced scorecard. Paying attention
to corporate sustainable management and sustainable balanced performance lets the organization
consider all three dimensions of the sustainability issue and avoid parallel systems by perceiving
economic, environmental, and social matters. It should mention that the operational definition of
variables regarding SBP and the society ad environment perspective were adopted based on [10,50–52]
and [50,53], respectively.
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3. Research Design

3.1. Conceptual Model of Research and Hypotheses

According to the literature, it can be expected that sustainable balanced performance (as a
dependent variable) of industrial knowledge-based companies, manufacturing advanced machineries,
and equipment can be boosted through the development of knowledge management practices
(as an independent variable). In addition, innovation in these companies can be influenced by the
development and focus on knowledge management practices toward positive changes in sustainable
balanced performance, especially by integrating innovation and knowledge management practices.
Based on the presented discussions in previous sections, the conceptual model is presented in
Figure 1. Therefore, and based on the presented conceptual model, this study puts forth the following
three hypotheses:

Hypothesis 1 (H1). Knowledge management practices affect positively and significantly sustainable balanced
performance.

Hypothesis 2 (H2). Knowledge management practices affect positively and significantly innovation practices.

Hypothesis 3 (H3). Innovation practices affect positively and significantly sustainable balanced performance.
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Figure 1. Research conceptual model.

3.2. Research Methodology

Given the main objective of the study, the current research is empirical and applied. As was
mentioned earlier, the present research tries to study the relationships among the following three
latent variables: knowledge management practices, innovation practices, and sustainable balanced
performance. It is noteworthy that the latent variables were studied by measuring observed variables,
as pointed out in Figure 1. In order to examine the accuracy of research constructs and implement
structural model and measurement model, a questionnaire according to the Likert scale was designed,
and respondents were asked to answer the questions ranging from 1 to 5 (extremely disagree and to
extremely agree). In order to ascertain the accuracy and precision of the questionnaires, 25% of the
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comments of the population was studied, and then questionnaires were distributed to collect data from
a sample population. It should be mentioned that the designed questionnaire was distributed among
senior managers of the surveyed companies. To have a higher rate of response among the sample
population, a reminder was sent after 10 days asking the respondents to answer the questionnaire
within five days. After confirmation of the accuracy and precision of the questionnaire, other steps of
research were followed. It is noteworthy that the population of current research is knowledge-based
companies active in the industry of manufacturing advanced machinery and equipment of Iran.
According to reports from websites as subsets of the Information Technology Deputy of presidency of
Iran, the number of companies active in this industry is 154. Based on Conchran sampling formula [54],
the sample size of the present research was estimated as follows:

n =
N ×Z2

α
2
× σ2

ε2 × (N − 1) + Z2
α
2
× σ2

N = Population size, σ = “Standard deviation”, α = significant level, and ε = accuracy.

n =
154× (1.96)2

× 0.5× 0.5

(0.05)2
× 153 + (1.96)2

× 0.5× 0.5
= 110

Content validity of questionnaires was confirmed by referring to supporter comments and
reviewed literature as well as the consensus of experts. The reliability of the information collection
tool was studied through exploratory factor analysis and factor loading determination. Regarding
the return rate of questionnaires, it must be noted that, with respect to the questionnaires, 15 of them
were not used, or they were partially filled out, because of which senior managers were asked to
fill them out, again according to the guidance made in introductory sessions. After two months, all
questionnaires were entirely readable and accurate and used for analyses. A statistics method was
set and applied at two stages. The first stage is the exploratory factor analysis to confirm variables
and questionnaires used within the research. In this stage, it was run in SPSS V.25 by extraction factor
loading related to each variable. The second stage, after reiteration and update of the research model
based on outputs of exploratory factor analysis, partial least square technique was run in Smart PLS
V.3 and measurement model of the research and fit indices were studied. To minimize self-report
bias in the data gathering, due to Chong et al. [55], researchers assured all respondents that their
personal information would not be revealed. In order to minimize the possibility of common method
variance, researchers first used multiple-item scales to measure the constructs and scattered questions
pertaining to the independent and dependent variables throughout the questionnaire [24]. As Baruch
and Holtom [56] recommend, a non-response bias test (wave analysis) was done. Student’s t-tests
showed no statistically significant differences between early wave and late-wave groups, so we can
conclude that non-response bias was not a problem [57]. Also, for controlling common method bias
(CMB) in partial least squares method, as Kock and Lynn [58] proposed, the collinearity test is a
comprehensive procedure for the simultaneous assessment of both vertical and lateral collinearity [59].
Collinearity has been defined as a predictor-predictor phenomenon in multiple regression models.
By applying collinearity through analyzing variance inflation factors (VIFs) in the model, the researcher
controls the CBM. The occurrence of a VIF greater than 3.3 is proposed as an indication of pathological
collinearity and also as an indication that a model might be contaminated by common method bias [60].
In the current research, all VIFs are lower than 3.3. Thus, based on the obtained result, it is concluded
that common method bias is not a concern. It is noteworthy that information related to respondents,
like gender, education, work experience, and age, are presented in Table 1.
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Table 1. Demographics of the respondents.

Demographics Variables Level Frequency (%)

Gender
Male 81%

Female 19%

Educational background
Under graduate 11.1%

Graduate 46.6%
PhD 42.3%

Work Experience
Under 5 years 52%

5–10 40.3
Upper 10 years 7.7

Age

Under 25 years 15%
25–35 50%
35–40 20%

Upper 40 years 15%

3.3. Exploratory Factor Analysis (EFA)

Since the questionnaires are researcher-made, observed and latent infrastructures must be
confirmed, and then other steps must be followed. In this regard, first- and second-order exploratory
factor analysis are analyzed for the research variables. In this analysis, Varimax matrix was used to
determine ultimate categorization and elements of each index in an element. Tables 2–4 show results
of the first order exploratory factor analysis. The analyses made in this section were done by SPSS
V.25. As it is seen in Table 2, Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) test was
used to study the partial correlation of variables. In this scrutiny, we determined whether variance
of the research variables is influenced by some main latent variables or not. This index is in range
of 0 to 1. If this index is near to 1, the intended data are proper for factor analysis [61]. The result of
KMO test with its value at 0.803 show that the related data are gradable to some infrastructure and
fundamental factors.

Table 2. KMO and Bartlett’s Test.

KMO 0.803

Bartlett’s Test of Sphericity
Approx. Chi-Square 1267.174

Df 91
Sig. 0.000

Bartlett’s test also shows that the structure of factor model is appropriate because the hypothesis
of knowing correlation matrix is rejected. The test result, 1267.174, shows that correlation matrix
between items is not a similar matrix, i.e., there is a high correlation among items of each factor, and
there is no correlation among triple items of the research.

Table 3. Total variance explained.

Component
Initial Eigenvalues Extraction Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total % of
Variance

Cumulative
% Total % of

Variance
Cumulative

% Total % of
Variance

Cumulative
%

1 6.622 47.300 47.300 6.622 47.300 47.300 3.638 25.985 25.985
2 2.389 17.067 64.368 2.389 17.067 64.368 3.604 25.744 51.729
3 1.286 9.183 73.551 1.286 9.183 73.551 3.055 21.822 73.551
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Table 4. External loading.

Innovation
Practices

Knowledge
Management Practices

Sustainable
Balanced Scorecard

Society & environment performance 0.917
Growth & learning performance 0.862
Internal processes performance 0.884
Financial performance 0.884
Customer performance 0.895
Knowledge acquisition 0.897
knowledge creation 0.924
knowledge sharing 0.929
knowledge storage 0.905
developing environment-friendly products 0.822
Collaboration with universities 0.902
Creating & establishing new line of
product/service 0.832

opening of new domestic target groups 0.817
promoting new products/services 0.869

According to the obtained results, discovering a new structure from data is possible. The rotation
sums of squared loadings for all factors are more than 0.5 [62]. Hence, all factors remain in exploratory
factor analysis (confirming meaningfulness of items). In explained variances by items, 73.551 concepts
of this research are covered. By forming Varimax matrix, it could be stated that 60 questions used in the
research questionnaires are categorized in 14 observed variables. Results of the first order exploratory
factor analysis are presented in Table A1 (see Appendix A). According to the obtained results, it can
be said that 14 observed variables are categorized by three factors (latent variable). Four observed
variables (knowledge creation, knowledge acquisition, knowledge storage, and knowledge sharing)
determine the KMP as an independent variable. Five variables (financial performance, customer
performance, internal processes performance, learning and growth performance, and society and
environment performance) determine SBP as a dependent variable of the research. Five variables
(creating and establishing new line of product/service, developing and promoting new product/service,
opening new domestic target group, using up to dating and new technology in the process, and
collaboration with universities) determine IP as a mediating variable. The final results of the second
order exploratory factor analysis are presented in Appendix A Table A2.

3.4. Partial Least Square Model

A PLS path model can consist of two parts—the internal or structural model showing the
construct and measurement models showing the relationships among constructs and variables
(external model) [63]. The structural model applied in the present research was previously shown in
the research conceptual model. However, the measurement model (Figures 2 and 3) (external model
or confirmatory factor analysis) refers to how latent variables are measured by observed ones [64].
The computations of the partial regression model for each internal latent variable is used to meet all
path coefficients. This partial regression model can be estimated in two steps—estimation of construct
values and then final estimate of external loadings and weights (path coefficient of structural model and
R2 values for internal latent variables) [65,66]. It must be noted that, in the present research, all designed
models are reflective. In fact, estimation of model shows the relationships between relevancies and
constructs within measurement models and determines to what extent the applied theories are in
proportion with data [67]. As mentioned, each research hypothesis is analyzed separately using the
Partial least squares method. In the partial least square technique, the following points are important:

1- The effect of latent variable on observed variable is shown by factor loading. Factor loading
is somewhere between 0–1. If the factor loading is less than 0.3, the effect of two variables is
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considered to be weak. Factors loading between 0.3–0.6 are acceptable, and greater than 0.6 are
very desirable [68].

2- When the correlation of the variables is identified, a meaningful test should be made. To examine
the significance of the observed correlations, bootstrapping or Jack Neff crossover methods are
used. The current study used the bootstrapping method. In this study, the self-regulation method
is used to give the t-statistic. At a 5% error level, if the value of the bootstrapping t-value is greater
than 1.96, then the observed correlations are significant [69]. It is desirable to assess measurement
models before studying models and obtained coefficients from research variables to use the
analysis results with more certainty. Internal consistency, relevancy reliability, convergent validity,
and discriminant validity must be studied for a reflective measurement model. In structural
model evaluation, determination coefficients (R2) can be studied [70]. The essential nature of
multivariate statistical analyses uses multivariate measurements and improves the accuracy of
the research findings. Henceforth, based on what we have presented above, we first evaluate
reflective measurement model of the current research and then study the obtained coefficients
from the effect among research variables. As was mentioned earlier, an external model can be
considered along with confirmatory factor analysis. The results of external loading are shown in
Table 4.

In order to study the model, first, an external model is applied to evaluate the relationships
between latent variables with their evaluation items. The external model of item relations or those
questions of questionnaire are studied with constructs. Relationships cannot be evaluated unless
questions of questionnaire prove that they evaluate latent variables properly. The threshold value
for external loading is 0.708 [71]. Among relevancies of observed variables, society and environment
performance has the highest relevancy reliability at 0.840. All relevancies for three reflective structures
of the research have external loadings of higher than threshold. The results obtained from review of
quality measurements of the model for study of internal consistency are presented in Table 5.
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Table 5. The criteria of the model.

Cronbach’s
Alpha rho_A Composite

Reliability
Average Variance
Extracted (AVE)

0.904 0.926 0.828 0.720
Knowledge Management Practices 0.936 0.989 0.753 0.836
sustainable organizational performance 0.820 0.867 0.876 0.596

One of the most important criteria of evaluating the model is internal consistency reliability.
For this end, the traditional criterion Cronbach’s alpha is always used, but it would be better to
prioritize and study relevancy based on their reliability. Composite reliability of external loadings
considers that relevancy variables’ value is between zero to one. The values between 0.7 to 0.9 are
considered desirable in composite reliability [72]. With respect to convergent validity, it can be noted
that principal research variables, emphasizing results obtained from average variance extracted above
0.5, received a high level of convergent validity. The internal consistency or reliability was measured
through composite reliability (also known as Dillon-Goldstein’s rho or Jöreskog’s) as proposed by
Chin [73]. He recommends that acceptable scores for the Jöreskog’s rho should be higher than 0.70.
Dillon-Goldstein’s rho is a better reliability measure than Cronbach’s alpha in Structural Equation
Modeling because it is based on the loadings rather than the correlations observed between the
observed variables. According to the measurement studied earlier, it can be stated that the model used
in this research has convergent validity. Based on the pattern presented by Fornell and Larcker [74]
presented in Tables 6 and 7, and by studying square root of average extracted variance in each construct,
it can be said that AVE in each construct has the maximum correlation with other construct in the
model. Therefore, we can certainly confirm the discriminant validity of the model.
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Table 6. Fornell-Larcker criterion.

Innovation
Practices

Knowledge
Management Practices

Sustainable
Organizational

Performance

Innovation practices 0.849

Knowledge Management Practices 0.410 0.914

sustainable organizational performance 0.594 0.581 0.772

Table 7. Cross loadings.

Innovation
Practices

Knowledge
Management

Practices

Sustainable
Organizational

Performance

Collaboration with universities 0.902 0.415 0.607

Creating & establishing new line of product/service 0.832 0.224 0.387

opening of new domestic target groups 0.817 0.476 0.549

promoting new products/services 0.869 0.243 0.430

developing environment-friendly products 0.822 0.286 0.473

Customer performance 0.528 0.498 0.895

Financial performance 0.535 0.526 0.884

Growth & learning performance 0.341 0.173 0.562

Internal processes performance 0.458 0.597 0.884

society & environment performance 0.407 0.322 0.547

Knowledge acquisition 0.273 0.897 0.457

knowledge creation 0.377 0.924 0.451

knowledge sharing 0.262 0.929 0.426

knowledge storage 0.500 0.905 0.693

According to this criterion, the square root of average extracted variance has the maximum
correlation of the construct with other constructs. Based on the presented information, in the following
table, it is stated that the current research is properly respondent to procedures of measurement model.

With respect to cross loadings studied in the Table 7, relevancy cross loadings for each construct
has the maximum external loading and the cross loading is in comparison with other variables. Hence,
based on the scrutiny of two Fornell-Larcker criteria and cross loadings, it is noted that constructs of
current research have discriminant validity. Henseler et al. [75] believe that, in addition to Fornell
and Larcker criterion, divergent validity must be studied by Heterotrait-Monotrait Ratio (HTMT)
(see Table 8). If the HTMT value is under 0.90, discriminant validity has been established between two
reflective constructs. Since the results obtained from this index among research variables is under 0.9,
it can be said that collected and analyzed data have enough originality and the results obtained from
the study of researchers have high accuracy and are trustable.

Table 8. Heterotrait-Monotrait Ratio (HTMT).

Innovation
Practices

Knowledge
Management Practices

Sustainable Balance
Performance

Innovation practices - - -

Knowledge Management Practices 0.394 - -

sustainable organizational performance 0.668 0.602 -
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4. Results and Discussion

By analyzing reflective measurement model, in the following, we study a path model. Considering
the confirmation of the measurement model, information related to implementation of partial least
squares and coefficient of determination are presented in Figure 3, and average extracted variance is
presented in Figure 2.

In line with Zhao et al. [76], if two basic variables (knowledge management practices and
sustainable balanced performance) are meaningful, the third variable (innovation practices) is
meaningful, and all three variables are positive, then it is concluded that mediating variable has
made a complementary relation between independent variable and dependent variable. Therefore,
considering the presented information, it is concluded that innovation practices have mediating and
complementary role for improvement of sustainable balanced performance. The relationship of studied
variables in each hypothesis of research is examined based on a causal structure with the partial
least square (PLS) technique. In the overall research model, the measurement model (relation of each
observed variable to latent variable) and path model (relations of latent variables with each other)
are computed. To evaluate meaningfulness of relations, t-statistic is calculated with a bootstrapping
technique. In this model, which is an output of the Smart PLS application, the summary of results
related to standard factor loading for research variables is presented. An examination of research
hypotheses, based on relations of each variable, is presented separately.

The information presented in Figure 4 shows that t-statistic is bigger than critical value of t-student
at confidence level of 95 percent that is 1.96. This means relations considered for all research hypotheses
are positive and meaningful. A summary of the research hypotheses being studied is presented in
Table 9.
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As seen in Table 9 and Figure 4, all the relations of conceptual mode are confirmed. Thus,
it becomes clear that knowledge management practices can positively and significantly influence
sustainable balanced performance of industrial knowledge-based companies manufacturing advanced
machinery and equipment. According to studies made from the first-hand resources like Scopus and
Web of Science, it is possible to say that researchers like Houck et al. [11] and Pislaru et al. [12] have
provided frameworks to evaluate sustainable balanced performance through a sustainable balanced
scoreboard. However, the current research has presented a sustainable balanced performance in
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the factor analysis and multivariate statistical analysis. Also, it must be noted that the concept of
sustainable balanced performance was not found inside the results and findings of other researchers
in any conducted studies. Hence, the framework of sustainable balanced performance presented in
this research could be known as an advantage. Although researchers [77,78] studied concepts related
to expansion of activities related to business with sustainable performance, and the fact that most
studies in sustainable performance are related to supply chain [79], we dare to say that sustainable
balanced performance has not been pinpointed by other researchers. In this regard, other researchers
can benefit from this view to expand and develop concepts related to evaluation and management of
performance, and corporate managers can benefit from this aspect of performance evaluation (due to
the support of presented model from sustainable balanced scoreboard and a systematic structure for
performance review).

Table 9. Studying the research hypotheses.

Research Hypotheses Coefficient of
Determination t-Statistic Sig Result

The main research
hypothesis

Knowledge Management
Practices -sustainable balance

performance
0.406 4.318 0.00 Accept

The first subsidiary
hypothesis

Knowledge Management
Practices- Innovation practices 0.410 5.652 0.00 Accept

The second subsidiary
hypothesis

Innovation practices-
sustainable balance performance 0.428 4.754 0.00 Accept

Based on what elicited from examination of the first hypothesis, we can suggest that
knowledge-based companies can help the overall growth of this industry by focusing on the exploration
of current knowledge and by sharing goals, work flows, resources, and income with stakeholders
and also by creating a strategic unity. Moreover, conscious integration of capabilities and dynamicity
of this industry and the focus on knowledge networks [80] and knowledge flows [81] along with
technologic unities can help improve key abilities and internal capacities of companies to move
toward the development of business targets and improve the overall situation of the workplace.
It must be noted that the focus of knowledge-based companies on knowledge flows and technologic
processes are the most important elements in gaining competitive advantage [82] and a sustainable
balanced performance. With respect to the results obtained from examination of the second hypothesis,
it could be said that results of this test are in line with results of other research [83–85]. Based on the
observations made by researchers in this this industry, it is suggested that knowledge-based companies
help their organizations by improving innovation in conscious management activities and creating
target internal groups. In addition, due to high level of information and knowledge in these companies,
it is recommended that these companies benefit from systematic method of problem solving to promote
new products and services. It is suggested that industrial knowledge-based companies manufacturing
advanced machinery and equipment increase their competitiveness through innovation in servicing
products [86]. According to the results obtained from the last research hypothesis, it can be stated
that innovation practices with innovation procedures can increase the power of organizations in
seeking chances and overcoming environment inconsistencies and empower organizations to overcome
difficulties, stresses, errors, and failures, and also guarantee their survival by presenting an innovative
model for the business [87] through exploration and merge of innovation [88]. Even though the
concept of innovation has been deeply studied previously by researchers [89–92], its mediating role
in sustainable balanced performance has been neglected. Thus, through more studies and closer
observation of the effects, the effects between these two variables can be examined. Based on analyses
made from the research data, it is recommended that knowledge-based companies increase their
customers’ performance by innovation in the value presented to customers and to digitalize the product
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service system in order to operate in today’s competitive market. Furthermore, paying attention to
innovative products and services that support the environment and society can become a crucial
social responsibility to upgrade the brand value of these firms. It is suggested that the industry of
manufacturing advanced machinery and equipment tries to boost a learning system through innovation
in learning to benefit from its advantages in crisis.

5. Managerial Implication

With respect to activities and studies of researchers in knowledge-based companies, it is suggested
that these companies select their corporate structures in relation to developmental activities related to
their business and follow traditional models of the organization. The necessity of confronting crises or
errors is considered as an advantage in these firms. Henceforth, these companies, focusing on their
current knowledge and exploration of novel solutions, can become pioneer organizations instead of
defeated ones. Principally, development of activities of these companies with foreign partners and the
creation of long-term mechanisms in mutual cooperation can bring common strategic benefits for the
parties. Researchers suggest that studied companies enrich machines and devices with deep perception
to promote technologic level of products and services such that they decrease the competitors’ pressures.
Finally, it can be highlighted that working systems of knowledge-based companies need innovation in
business and financial models to empower these corporates achieve growth and development in their
customers’ performance as well as their own financial performance along with academic capacity and
technical abilities.

6. Conclusions

The current research tries to study the effects of variables in knowledge management practices,
innovation practices, and sustainable balanced performance in industrial knowledge-based companies
that manufacture advanced machinery and equipment. This is done by applying partial least square and
a statistical analysis. Based on the results of the first research hypothesis, it can be admitted that KMP has
a positive and significant effect on SBP. According to [93], it can be concluded that knowledge-oriented
leadership can influence KPM and IP. The results obtained from the first research hypothesis are aligned
with [94–99]. Sustainable balanced performance components grow and develop from knowledge
management practices. For example, through knowledge sharing, learning and growth perspective
are strengthened, and consequently, internal processes, by optimizing workflows, enhance the other
three perspectives. Also, the role of empowerment of employees by knowledge management activities
toward improving their performance should be pointed out [100]. KMP reinforces key performance
indicators through a positive and direct impact on all components, activities and operations. Therefore,
it can be expected that, through the extension of KMP, key performance indicators and key results will
be promoted and improved in general, leading to the improvement of SBP.

Due to the results obtained from the second hypothesis test, it can be concluded that KMP has
a positive and significant effect on IP. The results obtained from this hypothesis are in line with the
results obtained from [101,102]. KMP can be considered as the basis of IP. Innovation activities help
to explore and exploit the opportunities for creating new products and services, which are always
dependent on knowledge flows in the organization. By strengthening the knowledge flows in the
organization, innovation activities and programs can be optimized [103] from the viewpoint of time
and cost of accessing a new product, service or process.

Based on the third hypothesis, we can conclude that SBP can be positively and significantly
influenced through IP. IP as an appropriate enabler of SBP can directly affect the internal processes
and customer perspective. Results obtained from this hypothesis support the findings of [104–106].
Regarding the mediating role of innovation practices, it can be pointed out that innovation practices
are always supported through knowledge management practices. Regarding the impact of KMP
on IP, we can expect that the synergy of these variables would have a positive effect on the SBP in
various dimensions.
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7. Suggestion for Future Researchers

Based on the obtained results and given the nature the surveyed companies, it can be inferred
that knowledge-based companies can focus on digital innovation and digital servitization to develop
their business. Therefore, it is worthwhile to study and present a conceptual model of the impact of
digital innovation and servitization on business models and organizational performance. Given the
multi-dimensionality of the concept of performance, it is suggested that researchers, by studying
other performance drivers in knowledge-based companies, try to help improve the performance of
these companies. It is also suggested that researchers investigate how to influence the performance of
knowledge-based companies by focusing on industry 4.0.
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Appendix A First Order Principle Component Analysis

Table A1. First order principle component analysis.
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x1 0.842 0.225 −0.041 0.134 0.289 −0.117 −0.078 0.145 −0.036 0.569 0.364 0.378 −0.453 0.036
x2 0.761 0.628 0.073 0.264 0.341 0.181 0.257 −0.225 0.089 0.147 −0.147 0.258 0.364 0.047
x3 0.685 0.059 0.119 −0.019 0.048 0.302 −0.259 0.021 −0.245 0.259 0.369 −0.279 0.0514 0.308
x4 0.626 0.478 0.082 0.422 0.091 0.146 0.423 0.147 0.256 0.131 −0.423 0.025 0.079 0.123
x5 0.238 0.858 −0.083 0.318 0.011 0.173 0.345 0.334 −0.161 0.183 −0.523 0.014 0.082 0.243
x6 0.251 0.891 −0.623 0.012 0.142 0.236 −0.14 0.247 0.147 −0.253 −0.123 0.175 0.236 0.452
x7 −0.230 0.613 0.123 −0.325 0.045 0.012 −0.413 0.015 0.036 0.045 −0.163 0.045 −0.457 0.322
x8 0.123 0.779 0.036 −0.145 0.364 −0.034 0.234 −0.036 0.569 0.364 0.378 −0.453 −0.136 0.253
x9 −0.078 0.253 0.687 0.403 −0.602 0.214 0.085 0.604 0.190 −0.654 0.306 0.014 0.224 −0.112
x10 0.012 0.325 0.785 0.012 0.125 0.2360 −0.355 0.009 0.243 0.456 0.238 0.55 0.409 0.263
x11 0.021 0.123 0.742 0.325 0.045 0.623 0.412 0.030 0.187 0.642 0.080 −0.004 0.230 0.521
x12 0.123 0.145 0.862 0.101 −0.598 0.365 0.452 −0.025 0.493 0.348 0.328 0.121 −0.175 0.485
x13 0.456 0.625 0.452 0.712 0.159 −0.145 0.025 0.207 0.446 0.269 0.080 0.286 0.347 0.036
x14 0.324 0.147 0.289 0.845 0.687 0.321 0.412 −0.036 0.569 0.364 0.378 −0.453 −0.106 0.105
x15 −0.124 0.024 0.078 0.753 −0.014 0.358 0.230 0.654 0.190 −0.654 0.306 0.014 0.154 0.023
x16 0.156 0.532 0.142 0.796 0.654 0.214 0.234 0.009 0.243 0.456 0.238 0.55 0.409 0.069
x17 0.356 0.189 0.259 0.143 0.796 −0.343 0.038 0.201 0.535 −0.073 0.265 0.308 −0.083 0.124
x18 −0.342 0.235 0.365 0.379 0.638 0.428 0.207 0.068 0.135 0.368 0.401 −0.053 0.018 0.325
x19 0.642 0.369 0.423 0.187 0.713 0.209 0.152 −0.037 0.394 0.129 0.129 0.323 0.479 0.412
x20 0.564 0.357 0.791 0.635 0.852 0.258 0.426 0.164 0.068 0.063 0.179 0.658 −0.425 0.236
x21 0.275 0.387 0.174 0.691 0.849 0.187 0.021 0.122 −0.016 0.769 0.164 0.078 −0.353 −0.206
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Table A1. Cont.

Principle Component (First order)
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x22 0.489 0.451 0.357 0.121 0.023 0.789 −0.543 0.258 0.741 0.632 0.413 0.674 0.432 0.198
x23 0.654 0.241 0.387 −0.241 0.781 0.852 0.489 0.287 0.255 0.333 0.398 0.153 0.803 0.321
x24 0.345 0.587 0.178 0.369 0.620 0.712 0.468 −0.631 0.546 0.321 0.463 0.157 0.012 0.687
x25 0.587 0.477 0.121 0.369 0.485 0.689 0.111 0.321 0.596 0.326 0.274 0.374 0.475 0.587
x26 0.331 0.074 −0.136 0.701 0.031 0.631 0.742 0.333 0.248 0.641 0.354 0.157 0.189 0.379
x27 0.347 0.546 0.159 0.456 0.624 0.235 0.789 0.653 0.154 0.532 0.413 0.253 0.689 0.421
x28 0.054 0.796 0.369 0.756 0.063 0.364 0.897 0.746 −0.543 0.796 0.456 0.357 0.326 0.693
x29 0.463 0.763 0.532 0.423 0.612 0.035 0.812 0.396 0.736 0.632 0.198 0.463 0.326 0.125
x30 −0.313 0.068 0.101 0.035 −0.143 0.475 0.258 0.678 0.159 0.593 0.198 0.463 0.476 0.298
x31 0.218 0.257 0.068 0.145 0.018 0.311 −0.153 0.745 0.389 0.365 0.159 0.497 0.325 0.156
x32 0.379 0.052 −0.437 0.324 0.379 0.429 0.223 0.713 0.533 0.701 0.111 0.349 0.241 0.444
x33 −0.235 0.324 −0.065 0.138 0.236 0.179 0.558 0.792 0.153 0.369 0.236 0.156 0.671 0.349
x34 0.632 0.045 0.632 0.461 0.356 0.463 0.169 0.741 0.596 0.324 0.0632 0.333 0.452 0.364
x35 0.362 0.125 0.637 0.163 0.763 0.356 0.146 0.763 0.891 0.763 0.196 0.036 0.476 0.736
x36 0.123 0.023 0.698 0.236 0.677 0.426 0.623 0.123 0.785 0.369 0.163 0.486 0.326 0.346
x37 0.196 0.036 0.639 0.496 0.536 0.362 0.222 0.634 0.736 0.369 0.463 0.156 0.496 0.362
x38 0.693 0.013 −0.763 0.639 0.136 0.634 0.243 0.678 0.702 0.555 0.639 0.136 0.700 0.649
x39 0.649 0.467 0.268 0.467 0.136 0.177 0.394 0.319 0.301 0.745 0.364 0.358 0.236 0.197
x40 0.163 0.259 0.196 0.498 0.236 0.168 0.416 0.387 0.398 0.729 0.496 0.374 0.269 0.279
x41 −0.143 −0.632 0.111 0.125 −0.053 0.125 0.148 −0.033 0.197 0.697 0.533 0.416 0.387 0.296
x42 0.128 0.147 0.068 0.235 0.228 0.111 −0.423 0.128 0.136 0.728 0.298 0.499 −0.031 0.291
x43 0.079 0.032 −0.057 0.404 0.139 0.209 0.123 0.159 0.701 0.738 0.496 0.136 0.563 0.279
x44 0.558 0.206 0.144 0.308 0.423 0.249 0.218 −0.145 0.146 0.012 0.741 0.367 0.496 0.276
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Table A1. Cont.

Principle Component (First order)
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x45 −0.143 0.158 0.421 0.105 −0.103 0.125 0.158 −0.013 0.136 0.496 0.695 0.532 0.413 0.346
x46 0.218 0.367 0.138 0.115 0.128 0.121 −0.123 0.148 0.075 0.346 0.763 0.036 0.536 0.493
x47 0.632 0.634 0.249 0.513 0.013 0.413 0.456 0.135 0.598 0.326 0.721 0.469 0.374 0.236
x48 0.263 0.723 −0.236 0.131 0.387 −0.194 0.328 0.127 0.195 0.185 0.349 0.852 0.496 0.222
x49 0.746 0.023 0.270 0.161 0.357 −0.030 −0.038 −0.485 0.261 0.268 0.496 0.841 0.496 0.379
x50 0.349 0.532 0.061 0.156 0.008 −0.100 −0.037 0.018 0.239 0.325 0.041 0.782 0.637 0.423
x51 0.289 0.362 0.356 0.131 0.647 −0.072 0.346 0.478 0.165 0.268 0.639 0.796 0.633 0.384
x52 0.196 0.158 0.121 0.057 0.478 −0.194 0.456 0.147 0.251 0.357 0.463 0.015 0.756 −0.362
X53 0.623 0.253 0.146 −0.043 0.083 −0.030 0.343 −0.088 0.058 0.346 0.069 0.379 0.699 0.582
X54 0.158 0.632 0.105 0.218 0.052 −0.100 −0.647 0.082 0.085 0.243 0.415 0.258 0.762 0.222
X55 0.693 0.356 0.131 0.179 0.283 −0.072 0.174 0.026 −0.512 0.191 0.346 0.036 0.781 0.369
X56 0.506 −0.324 0.247 −0.365 0.029 −0.452 0.325 0.632 0.369 0.349 0.136 0.269 0.163 0.745
X57 0.452 0.352 −0.324 0.002 0.426 0.036 0.145 0.369 0.159 0.489 0.236 0.159 0.578 0.782
X58 −0.145 0.365 0.485 −0.654 0.97 0.085 0.354 0.369 0.168 0.496 0.125 0.700 0.023 0.752
X59 0.45 −0.485 0.147 0.254 −0.007 0.365 0.453 0.386 0.416 0.536 0.346 0.156 0.689 0.761
X60 0.256 0.324 −0.452 0.333 −0.100 0.042 −0.220 0.653 0.163 0.789 0.687 0.367 0.196 0.869
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Table A2. Second order principle component analysis.

Components

KM
Practices

Innovation
Practices

Sustainable
Balanced Scorecard

opening of new domestic target groups 0.307 0.656 0.328
promoting new products/services 0.054 0.903 0.153
Creating & establishing new line of product/service 0.050 0.897 0.096
Collaboration with universities 0.208 0.781 0.369
developing environment−friendly products 0.074 0.764 0.288
knowledge creation 0.913 0.198 0.104
Knowledge acquisition 0.887 0.043 0.190
knowledge storage 0.755 0.244 0.444
knowledge sharing 0.944 0.059 0.114
Financial performance 0.343 0.272 0.728
Customer performance 0.289 0.247 0.795
Internal processes performance 0.417 0.187 0.731
learning and Growth performance −0.102 0.137 0.716
society and environment performance 0.147 0.259 0.481
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