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Abstract: The economic growth or asset of country basically depends on the amount of goods which
can be produced by the combination of land, capital, manpower and natural resources. Therefore,
changing natural resources into production is the new process of economical development, and
technology is the brain of this type of transformational activities. This tool not only makes the
changing operation possible but also, in the world economy makes the survival and growth foundation
of business enterprises. The Development of today’s technology has caused some change in the
productivity and costs, and because of this, the global and national structure in the areas of
production, business and employment has been greatly affected. On this basis, according to the
strategists of today’s world business, the most important strategic consideration in the filed of
technological and innovative management. Increasing the competitive advantages of any economical
enterprise requires increased improvement in the strength of any type of technology which has been
used in the production operation of that enterprise. This will happen by increasing the complexity of
its technological elements and increasing the level of its technological strength (organizational
learning). In this regard, analyzing and examining the current situation and identifying the strong and
weak points of the level and the strength of technology in the industry will be the starting point of
any improvement and development in technology. The purpose of this paper is to examine and
evaluate the level and strength of industrial units in the country by presenting the conclusion of a
comprehensive research work and identifying the strong and weak points of the technology of the
industry in order to give some recommendations for the improvement and development of technology
in industry. 

Key words: Technology, level of technology, Strength of technology, the models for examining the
level and strength of technology 

INTRODUCTION

According to new theories of development economics, industrial revolution occur only when basic sciences
become applied, and filling the gap between scientific knowledge and technical knowledge is regarded as the
main cause of the rapid growth of newly industrialized countries. Technology is systematic application of the
science and knowledge organized for practical and technical tasks, which explains process of converting input
into output. Therefore, those countries which think economic and industrial development inevitably develop
technology of their industries. According to the teachings of the technology development theories, the first step
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in improving technology and planning for a more flourishing future is to understand content and the current
position of technology. After all aspects and elements of the existing technology were analyzed, and strengths
and weaknesses in the industry were identified, the next step will be to determine goals, with regard to local
conditions and specific technological position, in which the best possible situation and strategies to achieve
the desired technology will be identified, assessed and analyzed, and in which optimal strategy of the
industries' technology development can be finally selected (Chai and Kent: 1990). Consequently, without
understanding of the existing technology level and the strengths and weaknesses of the major technological
problems of industries, any technology development strategy is doomed to fail. The following are considered
the most important challenges facing this paper: 
� How many level and capability exist in the technology of domestic industries?
� What are the strengths and weaknesses of the industries' elements of technology?
� How much is degree of balance between the industries' elements of technology? 
� How the level and capability of technology can be improved in industry sector? 

Necessity and Importance of Subject:
Importance and necessity of assessing the technology level and the capability in the industry sector can

be analyzed and examined in two micro and macro sections. From the micro perspective, technology has been
considered in two branches: microeconomics and strategic management. Studies conducted on the production
functions have shown that production factors, labor, capital, etc. can account for merely a half of the rate of
production; and economists believe that this ambiguous issue is understandable by level of utilized technology.

Therefore, to improve the situation and the rate of production, it will be highly important to pay attention
to technology (Brown: 2001). On the other hand, one of the central requirements of strategic management is
precision assessment of the technology level to make decision, of which one key stage in this direction is to
understand the organization's strengths and weaknesses. Assessment of technology level provides documentary
information on the strengths and weaknesses for managers. From the macro perspective, regardless of principles
related to human development and institutionalism, which have rooted in technology and have formed a variety
of opinions, we only refer to two phenomena: technology transfer and technology development. While
introducing strengths and weaknesses of the industries' technology, assessment of technology level and
capability of the country's industry sector offers appropriate measures for conducting and focusing investment
and studies toward the strengths and weaknesses of the domestic industries. On the other hand, by providing
the best technology condition in each industry, efficient and effective planning horizons will be created for the
decision makers and policy makers. Questions facing the research. The main question is, "in what technology
level and capability is the industrial sector of the country? In this context, more specific questions have been
raised, as follows: 
1. How is the current situation of each technology element of industrial units? 
2. At what technology level and capability is the domestic industries? 
3. What is the main priority in improving the level of industrial units' technology in the existing

circumstances?
4. Is there a balance between technology components in the country's industries? 
5. Which domestic industrial group possesses high technology level? 
6. How can improve the technology level and the capability of the domestic industry sector? 

To provide answers to the questions above, different models of technology level assessment, according
to results of a comprehensive research, is firstly introduced; then by describing the research methodology based
on the Technology Atlas model, the most important research findings and the solutions proposed in the plan
will be presented in order to develop the technology of the domestic industry. 

Overview of Theoretical Principles:
Technology Concept and Definition: 

The term "technology" has been originally formed from the Greek words "techno" (means the art and
industry), and "logy" (means knowledge of the science). Since it is regarded as a word derived from
"Technicue" and "Logical", technology is literally called "Fan-shenasi" in Persian, for which "Fanavari" is
recently considered as Persian equivalent. According to investigations, it can be firmly claimed that the number
of its different definitions is as large as the number of owners of ideas, and they have a lot of common
ground, despite their superficial differences. In this section, only three of the most important definitions of
technology are mentioned, without analyzing their dimensions. "Technology included the knowledge and skills
needed to produce goods and services, which is the result of the power of thought and knowledge of human
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and combination of rules existed in the nature. In a broad sense, technology includes use of science in
industries, using regular and oriented procedures and studies" (UNIDO: Technology Management, 1995).

"Technology has been introduced to be a main factor for converting natural resources, land and capital
and manpower to completed goods. So, it can be regarded as a combination of hardware and software for
production, which has been formed from four basic elements: techno ware, human ware, orga ware and info
ware (Technology Atlas: 1992). "Technology is a collection of knowledge, products, processes, tools, methods,
structures and systems that are used in creating value (added) in a system (Porter: 1991). 

Essential Importance of Technology: 
Technology is important for two major reasons (Floyd: 1996). First, technology is the foundation of

success in business and in offering products and many services, which without effective its use, it is not
possible to be placed in competitive situation. Thus, in this respect, technology is the main factor determining
the main course for the following cases: 
A- Making distinct the product 
B- Lower cost 
C- Creating new business opportunities or dealing with the threat of replacement 
D- Facilitator and support of strategic changes. 

Second, technology-centered innovations are the only path of long-term growth and development for
industry and economy. Therefore it is necessary to manage technology application for the long-run planning
and policies. 

Classification of Technology:
Although technology can be classified for different purposes, any classifications will be relative, and no

exact boundary will be allowed between them. In this section, some of the most important classifications
considered for technology are briefly cited.

1. Classification of Technology Based on Capabilities:
Including the technology of use and utilization, repair and maintenance technology, assembly technology,

copying and adoption technology, design and manufacturing technology, ability of producing new technology,
research and development for innovation, ability of doing basic research. 

2- Classification Based on the Source of Technology:
Including imported, indigenous, traditional and synthetic technology

3- Classification of Technology According to its Complexity:
Including absorptive technologies, and non-absorptive technologies 

4- Classification of Technology According to Capital and Labor Intensity:
Including labor intensive technology and capital intensive technology 

5- Classification of Technology Based on its Nature (Composition):
Including technology software and technology hardware 

6- Classification of Technology in Terms of its Uses: 
Including consumer technology and manufacturing technology

7- Classification of Technology from the Strategic Perspective:
Including basic technology, key technology, leading technology, and emerging technology 

8- Classification of Technology Based on Final Products:
Including technology of capital goods production, intermediate goods production technology, consumer

goods production technology

9- Classification of Technology According to Type of Industry:
Including heavy industries technology, small-scale industries technology, handicrafts technology 
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Levels of Technology:
To produce any goods and services, the technology possesses some levels of capability and knowledge

in every industry. UNIDO Industrial Research Center has classified, during a study, the level of industries'
technology in the ten levels, as follows (UNIDO: 1989). 

� Level Zero: The lack of knowledge and understanding of technology 
� Level One: Knowledge of the existence of and how to use technology 
� Second level: Knowledge of strategy, management and utilization
� Third level: Knowledge of maintenance and repair
� Fourth level: Knowledge of assembly method 
� Fifth Level: Knowledge of repetition and copying methods 
� Sixth Level: Knowledge of adoption methods 
� Seventh Level: Knowledge of design and development 
� Eighth Level: Knowledge of industrial and applied research 
� Ninth Level: Knowledge of basic research and basic sciences 

Methods of Technology Level Assessment: 
A number of methods have been proposed to assess the technology level in enterprises and/or at the

national level, each of which examines technology from different angles and has its own strengths and
weaknesses. In this section, we briefly examine each of these models (ibid). In general, seven methods have
been yet identified to assess the level of technology, which include: 

Table 1: Methods of Technology level assessment
1. Economic assessment of Status of Technology
2. Disaggregated Measurement of Status of  Technology
3. Strategic Analysis Approach 
4. Multiple Indicator Approach
5. Technology Fitness Audit 
6. Porters Approach
7. Technology Atlas

Technology Atlas Method:
This method is the result of four years of study and research in Asia and Pacific Center for Transfer

Technology (APCTT) – an organizations affiliated with the United Nations Economic and Social Commission
for Asia and the Pacific (ESCAP) whose draft has been published in September 1988 (APCTT: 1988).
Technology Atlas model, which can be still regarded as an emerging and evolving one, is an important way
usable in the developing countries, and its results can be relied with relatively good confidence. This method
not only is able to be used at different economic levels, but also specifies the existing strengths and
weaknesses. Thus, it provides the possibility of planning and developing strategy and making policy to
improve, strengthens, and promote the issues above. Based on the model's methodology, technology has been
introduced as a factor for converting natural resources, land, capital and manpower into the goods made. So,
it can be regarded as a combination of hardware and software needed to produce the completed goods. Relying
on this view, technology is divided into four separate components. 

1- Machinery and Manufacturing Tool or Techno Ware:
It means the device or devices in which technology is embedded, and includes all physical facilities

required for conversion or production operations, like tools, equipment, machinery, buildings and so on. 

2- Manufacturing Skills and Experience, or Human Ware:
It means the technology hidden in humans which includes all the capabilities required for production

operations, such as expertise, skill, agility, innovation, initiative, ingenuity, etc.; 

3- Information and Technical Knowledge of Production, or Info Ware:
It means the technology hidden in documents, which includes all the information and figures needed for

production activities, like plans, drawings, specifications, observations, relations, mathematical calculations,
diagrams and scientific theories, 
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4- Management and Organization, or Orga Ware:
It means the technology hidden in organization which includes all frameworks and structures needed for

production activities, like: making systematic, organization, networking, management and marketing.  Using
analysis of the four components above and the principle of creating effective coordination and interactions
between them, it can be possible to archive technology-centered strategic planning at the company level,
discipline or subdivision, section and/or macro level. Methodology of assessing the technology level and
capability of the domestic industries based on Technology Atlas model. To conduct a comprehensive research,
the Technology Atlas method was used to assess the technology level and capability of industries. It should
be noted that considering the specific time and budgetary constraints to conduct research, a field research using
the cluster sample is performed in the industry sector of Azerbaijan and Ardebil, through studying 150
industrial units with 10 and more staff and in different ISIC-based industrial groups. In this section, the
methodology of technology level and capability assessment of the industries is presented, based on the model
above.

Measures for Determining the Technology Level:
As noted, based on Technology Atlas, four added technology components are involved in the determination

of the technology level, which include techno ware, human ware, info ware and orga ware.  Determining the
score and share of each component, and combining them through calculation of the technology contribution
coefficient (TCC) shows the technology level of a industrial unit. To combine results from individual industrial
units in a suitable way, the following steps have been taken for assessing the technology level of industrial
units:
� Identifying statistical population and selecting appropriate sample, 
� Determining the main stages of production in each industrial discipline, 
� Determining the indicators to evaluate human ware, info ware, orga ware; and determining upper and

lower complexity limits of each of their classes, 
� Referring to the sample's units and determining the score for each indicator, 
� Determining the importance of each of the production stages; and allocating a weight proportionate to

importance of each stage of production in each unit 
� Calculating the final score related to techno ware, human ware, info ware and orga ware in any

manufacturing unit based on the related formulas, 
� Determining the importance of technology components compared to each other, with regard to the nature

of the industrial discipline, 
� Determining the level of the importance of each component above, through calculation of technology

contribution coefficient (TCC) 

Methods of Determining the Contribution of Each Technology Component - Share of Techno Ware (T): 
A: Identification and separation of production stages for each the sample's industrial units, 

B: Determining the (upper and lower) hardware complexity limit at each stage of production 
C: Determining the comparative indicators in each production stage as compared to SOA (or the ideal
situation),
D: Determine weight or importance of each production stage, 
E: Forming tables for data collection; and calculating share of techno ware using relation (1):

                                                                  (1)

1 ( )
9 10i

i i

ST UL LLT LL

T TW

�� �� �� �	 

��

Where, Ti:   share of techno ware, 
LL: Lower complexity limit of techno ware, 
UL: Upper complexity limit of techno ware, 
STi: Average score of the indicators of it stage, 
Wi: weight of it stage. 
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Share of Human Ware (H):
A: Identification and separation of human resource (production workers, support workers and so on) 
B: Determining the (low and high) complexity limit of human ware for each human group, 
C: Determining the comparative indicators for human resources, 
D: Determine weight or importance of each indicator of human resources, 
E: Forming the appropriate table to collect data for human ware; and calculating their share using relation (2):

1 ( )
9 10i

i i

SH UL LLH LL

H H W

�� �� �� �	 

��

Where, H: share of human ware, Hi: share of Human ware at any stage of production, 
LL: Lower complexity limit of human ware, 
Ul: Upper complexity limit of human ware, 
SHi: Average scores of indicators
Wi: weight of it group. 

Indicators of human ware include degree of orientation to success, orientation to teamwork and
cooperation, capacity to accept risk, orientation to time management, tendency to learning and education. 

- Share of Info Ware (I):
A: Determining the indicators  
B: Determining the (low and high) complexity limit of info ware,
C: Forming the table to collect data for info ware; and calculating its share using relation (3): 

(3)
1 ( )
9 10

SI UL LLI LL �� �� �� �	 


Where, I:   Share info ware, 
LL: Lower complexity limit of info ware, 
UL: Upper complexity limit of info ware, 
SI: Average scores of indicators set for info ware. 

Info ware indicators include the availability of all information systems, updated systems, and data integrity
in industrial units. 

- Share of Orga Ware (O):
A: Determining the (low and high) complexity limit of orga ware, 
B: Determining the scores of indicators of orga ware, 
C: forming the appropriate table to collect data for orga ware; and calculating their share using relation (4):

                                    (4)
( )1

9 10
O O O

O
S UL LLO LL �� �� �� �	 


Where, 
O: Share of orga ware, 
LLO: Lower complexity limit of orga ware, 
ULO: Upper complexity limit of orga ware, 
SO: Average scores of indicators specified for orga ware. 

Orga ware indicators include degree of orientation to strategic management, level of commitment to the
organization's stakeholders, autonomy to participate in decisions, effective leadership, and sense of orientation
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- Calculation of Technology Contribution Coefficient (Tcc):
After calculating each O, I, H, T component, the technology contribution coefficient function will be used

to integrate their role, as follows: 

(5). . .t h i oTCC T H I O� � � ��

Where, O, I, H, T are related to the score of each technology component; and power of B is related to
the role of each component on the TCC. 
Using the accepted method of paired comparison, as well as analysis of Eigen value, the value of B will be
obtained. It should be noted that the possible values for each of the indicators above are minimum value of
0 and maximum value of 1. 

Measures for Evaluating Technology Capability:
In addition to technology level, the technology capability for a firm, sector or a country is evaluated based

on six main indicators and 24 sub-indicators in this model. The main indicators include, Ability to provide
technology, ability to convert, Sales capability, the ability to improve, design ability to design, capability of
innovation and technology commercialization. Results of assessing technology level and capability for industry
sectors. Using methodology of Technology Atlas model and combining the results of each industrial unit in
the first stage, the technology level and capability of industrial groups have been calculated in the second stage
for the whole industry sector. Table 2 shows evaluation results of each component of the industry sector's
technology for each industrial group.

As can seen in the table above, based on the total average obtained for each value of quadruplet
technology component, the largest share belongs to the techno ware component and then to orga ware, while
technology element of info ware has allocated itself the lowest value. Examining the important values of techno
ware among different industrial groups shows that in general, the industrial group of manufacturing machinery
is allocated the maximum value of techno ware. (65%) compared to other groups; and industrial groups of
manufacturing plastic and rubber products and textile production are in the next categories, with values of 58%
and 56%, respectively. In this regard, the industrial group of manufacturing fabric metal products is allocated
to itself the lowest level (38%) of techno ware. With the calculated values for share of human ware, as can
seen in the table, the industrial group of manufacturing basic metals is in the first category, with info ware's
share value of 56%; and industrial groups of manufacturing plastic and rubber products and machinery and
equipment are in the next categories, respectively. Also in this case, the industrial group of manufacturing
wood and wood products has allocated to itself the lowest value of this technology element. Considering the
values obtained for the share of orga ware, it can be seen that the highest amount of orga ware, with a value
of 55%, is allocated to the industrial group of manufacturing electrical machinery and electrical equipment,
and then to the industrial group of manufacturing plastic and rubber products and textile production, with the
values of 52% and 51%, respectively.  Lowest share of orga ware has also belonged to the industrial group
of manufacturing electrical machinery and electrical equipment (37%). 

Thio Diagram for Domestic Industries:
Considering the mean total scores obtained for each four technology component of the industry sector,

THIO diagram is drawn as follows (Figure 1). 
In addition to the rate of gap between the status quo and the desired situation of share for each of the

quadruplet technology elements, this Figure shows the rate of balance or imbalance between the technology
elements. According to TCC column in Table (2), it can be seen that among different industrial groups, the
industrial group of manufacturing plastic and rubber products is allocated to itself the highest amount of TCC,
with the equivalent to 569%; after which the industrial groups of manufacturing machinery and equipment and
basic metals are placed (with amounts of 546% and 524%, respectively).  In this regard, the industrial group
of manufacturing non-metallic mineral products is also in the lowest category of industrial groups, with the
equivalent values of 38%. On this basis, Figure 2 shows the statistical chart of prioritizing industrial groups
based on values of TCC. 

Considering the average calculated for the whole industry, it can be observed that the amount of TCC is
equal to 459%, which are in the moderate to down category, with regard to maximum value of 1, minimum
of zero and average of 0.5. Furthermore, Table 3 shows the main results from the curve of the industry
technology capability for any and the total industrial groups. 
As can seen in Table 3, based on technology capability indicators, the industrial group of manufacturing
machinery and equipment is allocated to itself the highest amount, with mean score of 5.75; and the industrial
group of manufacturing basic metals and manufacturing wood products are located in the next categories, with
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a mean scores of 4.72 and 4.5, respectively. Furthermore, the industrial groups of food and beverage products
and manufacturing non-metallic mineral products have the lowest average in this regard. 
Figure 3 shows statistical chart of technology capability indicators for each industrial groups, in a prioritized
form. 

Table 2: Average score of hum ware’s indicators based on manpower group
No.  Technology Share of techno Share of Human Share of Share of Orga Technology

components  ware (T) ware (H) Info ware (I) ware (O) contribution 
coefficient(TCC)

1 Industrial groups food 0.43 0.49 0.44 0.45 0.453
and beverage products

2 Textile production 0.56 0.42 0.35 0.51 0.467
3 Tanning and leather 0.43 0.41 0.46 0.45 0.441

finishing
4 Manufacturing wood 0.42 0.36 0.34 0.46 0.4

and wood products
5 Manufacturing plastic 0.58 0.69 0.49 0.52 0.569

and rubber products
6 Manufacturing non-metallic 0.39 0.36 0.4 0.39 0.38

 mineral products
7 Manufacturing basic metals 0.53 0.51 0.56 0.49 0.524
8 Manufacturing fabric 0.38 0.34 0.36 0.49 0.394

 metal products
9 Manufacturing machinery 0.65 0.51 0.48 0.55 0.546

and equipment
10 Manufacturing electrical 0.44 0.44 0.37 0.37 0.415

 machinery and electrical
equipment

Total average 0.481 0.453 0.425 0.468 0.459
Source: Authors calculations

Table 3: Average score of technology capabilities indicators based on the industrial groups
No. Technology Supply Conversion Sale Modification Design Innovation & Mean of

components Capability Capability Capability capability capability commerc- Technology
ialization Capability
Capability

1 Industrial groups 3.33 3.61 2.87 3.45 3.7 2.79 3.2
food and beverage
products

2 Textile production 3.29 3.43 3.3 3.19 3.43 3 3.27
3 Tanning and 3.75 3.6 6.4 4.57 3.4 4.6 4.2

leather finishing
4 Manufacturing 6.9 4.2 5.8 4.57 3.08 2.2 4.5

 wood and wood
products

5 Manufacturing 4.2 5.6 4.6 3.7 3.4 3.2 4.12
plastic and rubber
products

6 Manufacturing 3.05 3.56 3.16 3 3.16 2.68 3.26
non-metallic
mineral products

7  Manufacturing 6.25 5.8 5.5 4.2 3.4 3.2 4.72
basic metals

8 Manufacturing 5.8 5.6 5.2 4.5 1.8 0 3.82
fabric metal products

9 Manufacturing 8.5 7 6.5 5 4.5 3 5.75
machinery and
equipment

10 Manufacturing 5.8 5.6 4.6 4.2 2.7 0 3.82
electrical machinery
and electrical equipment

Total average 5.09 4.8 4.79 4.04 3.2 2.47 4.06
Source: Authors calculations

Table shows that the average total technology capability obtained for industry is equal to 4.06, which is
in moderate to down category, considering the maximum value of 10, maximum of zero and the average of
5. Furthermore, examination of the averages obtained for the sub-indicators of technology capability show that,
except the indicator of capability to provide technology, level of industry is moderate to down category for
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other indicators. Figure 4 compares the situation of the industry technology capability indicators having
favorable situations. 

It should be noted that significance of the results obtained in different industrial groups above and the
entire industrial sector has been tested using appropriate statistical techniques including t statistical tests,
analysis of variance, Mann-Whitney and Kruskal-Wallis tests (in term of case).

Fig. 1: THIO diagram for domestic industries.

Fig. 2: Statistical chart of TCC values for each industrial group.
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Fig. 3: Statistical chart of mean score of technology capability for each industrial group.

Fig. 4: Statistical chart of comparing the current status of industry technology capability indicators having
Favorable situations.
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Summary and Conclusion:
Based on the result of a research, this paper has tried to present the country's technology situation, using

a cluster sampling based on a well-known model for assessing the technology level and capability (Technology
Atlas model). For this purpose, while explaining the necessity and importance of technology assessment, it
proposed the questions facing the research.

After an overview on technology-related theoretical principles and its assessment models, the methodology
used in this study is briefly described. According to Technology Atlas model, the technology level of an
enterprise, a sector or a country is a function of the situation of quadruplet elements, techno ware, human ware,
info ware and orga ware; and the technology capability is a function of the capability of supply, conversion,
sale, modification, design, innovation and commercialization. Assessing the technology level and capability for
the industrial units above showed, based on this model, that:

Techno ware component of the industries' technology is in more favorable status than other components,
after which orga ware dimension of the technology has been placed.

Info ware dimension has allocated to itself the lowest score, among the quadruplet elements above.
However, all the quadruplet elements of technology are at a level less than average. 
It has led the technology contribution coefficient (TCC) of the industries in the value-added of the industry
sector to be in moderate to down category. 

Results show that totally, the industrial group of manufacturing plastic and rubber products has been
allocated to itself the highest value of technology contribution coefficient or technology level; and industrial
groups of manufacturing machinery and equipment and of manufacturing basic metals are in the next
categories.

Among the industrial groups, the industrial group of manufacturing non-metallic mineral products has
allocated to itself the lowest amount of technology level. Results of study showed that the technology
capability of the industry sector is averagely in moderate to down category. 
Examination of industrial technology capability indicators shows that the major, basic weakness of the
industries above is innovation and technology commercialization, after which it is allocated to the capability
to improve technology. 

Research results at the level of industrial groups shows that the industrial group of manufacturing
machinery and equipment has allocated to itself the highest score of the technology capability, compared to
other groups, after which the industrial groups of manufacturing basic metals and wood products are located.
The industrial group of manufacturing non-metallic mineral products has the lowest technology capability,
compared to other groups. It should be noted that the results of statistical tests show significant differences
in the average technology capability of industrial groups.
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