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Abstract—The recognition of technological level and capability 

has become one of the most important activities which not only 

help the firm appraise its strength and weakness, but also guide to 

plan the technological innovation strategic and enhance the 

competitive advantages. In this study, firm’s technological 

capability is determined completely with four components (T – 

Technoware, H – Humanware, I – Inforware, O - Orgaware) and 

their criteria using Technology Atlas method, which was 

developed by Asian and Pacific Center for Technology Transfer. 

The contribution degrees toward technological capability of each 

component and criteria in specific industry are determined 

efficiently rely on fuzzy-AHP. Besides, aggregation of group 

judgment using a new technique with triangular intuition fuzzy 

number (IFN) representation makes the decisions more accuracy 

and efficiency. Our proposed model helps the firm’s managers can 

easily evaluate their current technological capability keep track of 

their technological growth, compares with the industrial level and 

guides to the technological renovation strategy which is one factor 

to raise competitive advantage. 

 

Index Terms—technological capability assessment, group 

aggregation, analytic hierarchy process, intuitionistic fuzzy.  

I. INTRODUCTION 

Technology has become an integral part of nearly every 

business and social endeavor [1]. The recognition of 

technological level and capability has become one of the 

most important activities which not only help the firm 

appraise its strength and weakness, but also guide to plan the 

technological innovation strategic and enhance the 

competitive advantages. Therefore, several authors have 

studied the impact of technology in term of business 

productivity [2], innovation [3] and technology transfer. 

Recently, many authors suggested new approach to solve this 

problem such as [4-13]. 

In this study, firm’s technological capability is determined 

using Technology Atlas method. Technology Atlas method 

was developed  by Asian and Pacific Center for Technology 

Transfer (APCTT [14,15]) to assess the technological 

capability of a firm or county, through evaluation of its 

capability in various components of technology. That is the 

reason why it is always mentioned firstly in articles which are 

related to technology or apply Technology Atlas [16-10]. In 

each industry, four components (T – Technoware, H – 
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Humanware, I – Inforware, O - Orgaware) have different 

contribution degrees toward the technological capability.  

Thus, we determine the weights of each component and its 

criteria, which is an important factor, with analytic hierarchy 

process (AHP) method under fuzzy environment to deal with 

imprecise and uncertain human comparisons judgments. In 

addition, aggregation of decision maker (DM) opinions using 

a new technique with triangular intuition fuzzy number (IFN) 

representation makes the decisions more accuracy and 

efficiency. 

The remaining parts of this paper are structured as follows: 

Section 2 briefly reviews some basic definitions of fuzzy sets 

(FSs) and introduces about Technology Atlas method. In 

section 3, a new model is proposed to assess the technological 

capability of firm. An experimental example illustrates the 

proposed model in section 4. Finally, section 5 concludes the 

paper.  

II. METHODOLOGY 

A. Technology Atlas method 

Technology has been defined in a variety of ways. According 

to Dosi [21], in the most general term, a technology can be 

seen as a human-constructed means for achieving a particular 

end, such as the movement of goods and people, the 

transmission of information or the cure of a disease. 

Christensen and Raynor [22] defined technology as the 

process that any company uses to convert inputs of labor, 

materials, capital, energy and information into outputs of 

greater value. Sharif [23] suggests that the streams of 

technology referred to by Prahalad and Hamel [24] fall into 

four major categories and that mastering these technological 

assets is essential for competitively positioning a company 

(Figure 1). These comprise the ‘‘THIO Framework’’ [1]: 

Technoware-T (object-embodied physical facilities), 

Humanware-H (person-embodied human talents), 

Inforware-I (record-embodied codified knowledge), 

Orgaware-O (organization-embodied operational schemes). 

Based on Technology Atlas method, technological capability 

is determined by four components, those are T, H, I, O as 

mentioned above. The formula of Technology Contribution 

Coefficient (TCC) is used to measure technological 

capability: 
OIHT WWWW

OIHTTCC ...=  (1) 

where WT, WH, WI, WO relate the role (important) of each 

component WT + WH + WI + WO =1. 
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Fig. 1. Four technological components (Sharif, 1995) 

B. Fuzzy sets (FSs) 

As the complexity of the problem increases, impreciseness and 

vagueness in the data of the corresponding problem also 

increases [24]. Zadeh [25] proposed the idea of FSs to deal with 

these uncertainties. Since its original definition, several 

extensions have been proposed. 

Definition 1 [25] 

A triangular fuzzy number (TFN) Ã can be defined by a 

triplet (l, m, u), where uml  , l and u stand for the lower 

and upper value of the support of Ã , respectively, and m is 

the mid-value of Ã. If l=m=u, it is a non-fuzzy number by 

convention (a crisp number). The graph of triangular fuzzy 

can be shown in Figure 2. 
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Fig.2. A triangular fuzzy number 

The membership function μÃ (x) is defined as: 

















−

−


−

−


=

ux

uxm
um

ux

mxl
lm

lx
lx

x
A

,0

,

,

,0

)(~  (2) 

As a generalization of Zadeh’s fuzzy set [25], Atanassov [26] 

proposed the IFS, which is characterized by a membership 

function and a non-membership function. IFS has been 

proven to be a very suitable tool to describe the imprecise or 

uncertain decision information. 

Definition 2 [27] 

A triangular intuitionistic fuzzy number (IFN) Ã is 

represented as: 

Ã=<[(a’1,b’1,c’1); µÃ], [(a1,b1,c1); νÃ]>. (3) 

The membership functions µÃ is used to derive the lower 

bounds of membership µL for IFN Ã, where the upper bound 

of membership µU is derived by taking the compliment of 

non-membership functions νÃ, respectively. A triangular IFN 

is shown in Figure 3.  

1

0
x        a1      a’1    b1             c’1   c1

μÃ(x),1-νÃ(x)

μÃ(x)

1-νÃ(x)

 
Fig.3. A triangular IFS Ã 

C. Representation of group aggregation with triangular 

IFNs 

In this research, the triangular IFNs are generated based on 

the mean (or average value) and the deviation among group. 

In order to do the representation, each parameter in TFNs, 

which is the result of aggregation operator, should 

accompany with its deviation value ∂. 

)~(
~~ )(i

jj cfc = =(<a1;∂1>,<a2;∂2>,<a3;∂3>), (4) 

jc '~
 = <[(a1,a2,a3);μ], [(a1-∆L,a2,a3+∆U);ν]>, (5) 

where jc~  is a TFN and jc '~
 is a triangular IFN with 1≤j≤k, f

~
 

is the fuzzy aggregation operator used in previous step, 

∆L = λ min(a1-minimum_of_range, ∂1), (6) 

∆U = λ min(maximum_of_range-a3, ∂3), (7) 

μ = 1 - ν - π, (8) 

ν = 0, (9) 

π = λ ∂2/(a2+ λ ∂2/2). (10) 

jc '~
 is a TFN of the universe of discourse X, which represent 

an imprecise value from minimum_of_range to 

maximum_of_range. 

With this formula, the generated triangular IFN contain the 

divergence in group judgment. It reflects truthfully and 

objectively the group judgment after aggregating. 

III. THE PROPOSED MODEL 

In this study, we use Technology Atlas method to define the 

current technological state of the firms under uncertain 

environment with group judgment. Technological capability 

relates to four components (T, H, I, O) and their criteria. A 

group of decision makers give their opinion using linguistic 

terms, which are computed and represent by intuitionistic 

fuzzy sets. After that, the extend IF-AHP method are applied 

to assess the firm’s technological. The process of proposed 

model includes following steps:  

Step 1: Define and describe the criteria 

The first step of the process is gathering relevant information 

and defining the assessment criteria (attributes). According to 

Technology Atlas method, technology consists of four 

components (T, H, I, O) and its criteria as in the first and the 

second layer of hierarchy structure in Figure 4. 

http://www.ijitee.org/
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Fig. 4. The hierarchy structure 

 

Step 2: Identify the appropriate linguistic variable. 

In this step, we must define the appropriate linguistic 

variables for the importance weight of components and 

criteria. This paper suggests linguistic terms which can be 

expressed in positive TFNs, as in Table 1. 

Table 1. Definitions of linguistic terms for the evaluation 

 Linguistic terms FS values 

JE Just Equal (1,1,1) 

EI Equally important (1,1,2) 

WMI Weakly more important (2,3,4) 

SMI Strongly more important (4,5,6) 

VSMI Very strongly more important (6,7,8) 

AMI Absolutely more important (8,9,10) 

Step 3: Determine the important weight of components and 

criteria. 

A group of decision makers give their opinions in pairwise 

comparison matrices with linguistic variables. They should 

have experience and good knowledge in main industry that 

the firm belongs to.  

In this step, it is checked for the consistency. The most 

widely used consistency index is the consistency ratio (CR) 

(Saaty, 1991) 

1.0=
RI

CI
CR  (11) 

where 
1

max

−

−
=

n

n
CI


, is the consistency index, RI is the 

average random index based on matrix size shown in Table 2, 

λmax is the maximum eigenvalue of matrix A, and n is the 

order of matrix A. 

Table 2. The average random index 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.4 1.45 1.49 

 

According to rule of thumb, the comparison matrix is 

consistent only if the value of CR is less than 0.1. 

Step 4: Aggregate experts’ opinion.  

Since the evaluation of decision makers are based on 

triangular FN, the aggregation operator with geometric mean 

under fuzzy environment can generate the triangular IFN by 

using Eq.4 to Eq.10. The conversion to intuitionistic fuzzy 

environment helps to improve the efficiency and the accuracy 

of this model. 

Step 5: Calculate the important weight vector. 

Figure 4 is the hierarchy structure of AHP method. The 

concept of IFS is applied to AHP, called IF-AHP (Sadiq and 

Tesfamariam, 2009). It is applied appropriately to calculate 

the important weight vector in this study.  

Step 6: Measure the technological component contribution 

and the technological contribution coefficient. 

The firm’s manager evaluates the criterion rating and 

calculates the contributions of each component: 

=
iCiWCC  (12) 

where: 

Ci: is the score of the ith criteria of that component; 

iCW : is the weight of the ith criteria of that component; 

C: is the contribution of that component. 

After calculating the values of each component T, H, I, O, 

they are combined their role by using a function that 

Technology Atlas and N. Sharif used to define the technology 

contribution coefficient (Eq. 1).  

Step 7: Present and analysis the result using THIO graph 

and importance-performance chart. 

Besides TCC value which indicates the current technological 

state of firms, other information can be presented in visual 

forms. The THIO graph indicates the split between existing 

condition and optimal condition of share of technological 

component in a firm. The importance-performance chart 

helps to recognize and analysis the current technological 

advantages of a firm easily. The correlation between 

importance and performance expresses the strength, the 

weakness and the readiness of a firm for each technological 

component. 

IV. EXPERIMENTAL EXAMPLE 

This part presents an experimental example that is 

technological capability assessment of a firm with group 

judgment using triangular IFNs representation.  
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The result is based on the data of a firm in Aquatic Product 

Processing Industry, located in Dong Thap province, 

Vietnam (2013). 

A group of technological experts (three members) use the 

linguistic terms in Table 1 to give their opinion for evaluation 

(as in Table 3). The λmax values of three matrices are 4.002, 

4.046 and 4.020 respectively. Hence, they are consistency 

because the consistency ratio values less than 0.1 (CR= 

0.001, 0.017, 0.007). 

Table 3. Group judgment 

DM  T H I O 

DM1 T JE WMI SMI EI 

DM1  JE EI SMI WMI 

DM3  JE WMI VSMI 1/EI 

DM1 H  JE WMI 1/WMI 

DM1   JE EI EI 

DM3   JE WMI 1/EI 

DM1 I   JE 1/SMI 

DM1    JE 1/EI 

DM3    JE 1/SMI 

DM1 O    JE 

DM1     JE 

DM3     JE 

 

Table 4. Aggregation results with triangular IFNs 
  Lower bound Upper bound μ ν 

T T 1.00 1.00 2.00 1.00 1.00 2.00 1.00 0.00 

H T 0.28 0.38 0.63 1.00 0.38 0.92 0.83 0.00 

I T 0.14 0.18 0.26 1.00 0.18 0.36 0.88 0.00 

O T 0.44 0.69 1.14 1.00 0.69 2.47 0.12 0.00 

T H 1.59 2.62 3.63 1.01 2.62 4.21 0.85 0.00 

H H 1.00 1.00 2.00 1.00 1.00 2.00 1.00 0.00 

I H 0.28 0.38 0.63 1.00 0.38 0.92 0.83 0.00 

O H 0.87 1.44 2.29 1.00 1.44 3.82 0.42 0.00 

T I 3.78 5.59 7.32 2.05 5.59 7.90 0.86 0.00 

H I 1.59 2.62 3.63 1.01 2.62 4.21 0.85 0.00 

I I 1.00 1.00 2.00 1.00 1.00 2.00 1.00 0.00 

O I 2.08 3.68 5.28 1.00 3.68 7.59 0.69 0.00 

T O 0.87 1.44 2.29 1.00 1.44 3.82 0.42 0.00 

H O 0.44 0.69 1.14 1.00 0.69 2.47 0.12 0.00 

I O 0.19 0.27 0.48 1.00 0.27 0.87 0.57 0.00 

O O 1.00 1.00 2.00 1.00 1.00 2.00 1.00 0.00 

 

Table 5. Important weight of components 

Component Weight Stdev Normalization 

T 0.420 0.108 0.376 

H 0.245 0.081 0.219 

I 0.109 0.030 0.098 

O 0.344 0.117 0.308 

Table 4 is the aggregation results presented with triangular 

IFNs. With this matrix, the consistency test is also satisfy 

with λmax= 4.005 and CR=0.002. 

Using extend triangular IF-AHP to process the next steps, the 

result is showed in Table 5. With the similar way for criteria 

of each technological component, the global weights are 

showed in Table 6. 

Next step, the contribution of technological components (T, 

H, I, O) are calculated from the scores of criteria given by the 

firm’s manager, which is presented in Table 6. 

 

Table 6. Important weight of criteria and technological score 

 Weight Score 

T 0.38 47.56 

T1 0.09 100.00 

T2 0.14 100.00 

T3 0.19 100.00 

T4 0.19 96.66 

T5 0.20 10.00 

T6 0.10 10.00 

T7 0.09 60.00 

H 0.22 41.14 

H1 0.21 93.85 

H2 0.26 100.00 

H3 0.15 100.00 

H4 0.25 10.00 

H5 0.13 10.00 

I 0.10 84.44 

I1 0.26 58.00 

I2 0.30 100.00 

I3 0.19 86.50 

I4 0.25 100.00 

O 0.31 56.30 

O1 0.21 100.00 

O2 0.24 30.00 

O3 0.24 80.00 

O4 0.19 50.00 

O5 0.12 43.33 

Next step, the contribution of technological component (T, H, 

I, O) are calculated from the scores of criteria given by the 

firm’s manager, which is presented in Table 6. 

  
Figure 5. THIO graph 
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Figure 6. Important-Performance chart 

Finally, the result TCC of this firm is 51.32/100. The THIO 

graph (Figure 5) shows the contributions of each component 

in this firm. The important-performance chart (Figure 6) 

helps to indicate visually that the most important component 

in this industry is Technoware, but this is the weakness of this 

firm while it is strong at Inforware, the least important one. 

Using this proposed method, the important weights of the 

components and criteria are determined efficiently rely on 

IF-AHP. They are very important in case of using to assess 

the technological capability of various firms in the same 

industry. This approach also provides a way for the firm’s 

managers to self-assess and re-assess their technological 

status after doing a technological investment. 

V. CONCLUSION 

This study applies a new technique to firm’s technological 

assessment. The proposed model combined MCDM method 

and group decision making under fuzzy environment. The 

fuzzy theory improves in giving the opinion to deal with 

imprecise and uncertain human comparison judgments. 

Besides, group aggregation judgment is represented with 

triangular IFN helps reflect truthfully and objectively the 

group judgment after aggregating. 

This paper stated a specific process of firm’s technological 

assessment based on the Technology Atlas method, in which 

technology is determined completely by four technological 

components (T, H, I, O). The contribution degrees toward 

technological capability of each component and the 

important weight of its criteria in specific industry are 

determined efficiently rely on fuzzy-AHP and group expert’s 

opinion aggregation method. By this way, the firm’s 

managers can easily to evaluate their current technological 

capability by themselves. This is also the approach for 

technological assessment at the industrial and national level. 

This information helps them keep track of their technological 

growth, compares with the industrial level and guides to the 

technological renovation strategy which is one factor to raise 

competitive advantage.  
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