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 This study analyzes the technology innovation capabilities 
(TICs) evaluation factors of enterprises by applying the Decision 
Making Trial and Evaluation Laboratory (DEMATEL) method. 
Based on the literature reviews, six main perspectives and sixteen 
criteria were extracted and then validated by six experts.  A 
questionnaire was constructed and answered by eleven experts. 
Then the DEMATEL method was applied to analyze the 
importance of criteria and the casual relations among the criteria 
were constructed. The result showed that the innovation 
management capability perspective was the most important 
perspective and influenced the remaining perspectives.   This 
work also presents the significant criteria for each perspective. 
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1. Introduction 
Innovation’s importance has continuously increased and aligns with global business 

growth. Bessant et al., (2005), and Huang (2011) clearly stated that Technological Innovation 

Capabilities (TICs) play a crucial part in the initiation of firms’ competency and as the source of 

sustainable competitive advantage.  The enterprises, thus, are strongly required the periodical 

monitoring their TICs and have to continuously strengthen their weak capabilities in order to 
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facilitate the competitive advantage.  This study mainly focuses on the technological-based 

firms since they rely significantly on innovation development to pursue their business growth. 

 

Although TICs were accepted as a main part of enhancing competitive advantage, TICs 

assessment is rather complicated due to multi-dimensionality.  The measuring indicators of 

TICs are also diverse and difficult to assess by any single-dimension scale as they involve the 

interaction among various resources (Chiesa et al., 1998, Hansen, 2001, Guan and Ma, 2003, 

Burgelman et al., 2004).  Guan et al., (2006) defined TICs measurement framework as 

benchmark audition on the quantitative evaluation based on traditional DEA approach, which 

relies on both technological capability and critical capabilities in the area of manufacturing, 

marketing, organization, strategy planning, learning and resources allocation. 

 

However, Wang et al., (2008) proposed the evaluation of high-tech firms’ TICs under both 

quantitative assessment (by applying new fuzzy multi-criteria analytical approach) and 

qualitative assessment (using five main aspects of capabilities i.e. R&D, innovation decision, 

marketing, manufacturing and capital).  Wang et al., (2008) viewed that the traditional 

multi-criteria were not wholly suitable for TICs assessment.  They also stated that the TICs 

assessment was considered as subjective and ambiguous. 

 

To clarify and reduce the subjective and ambiguous information, this study uses both 

qualitative and quantitative methods. In this study, TICs’ critical evaluation perspectives and 

criteria as well as the causal relations among them are presented. The result will aid the 

managements in the determination of the degree of importance of critical factors/ criteria and 

their influences on these factors. 

 

Following this introduction, literature reviews of TICs and DEMATEL method were 

illustrated in Section 2. Research methodology (including research framework, and the 

procedure and results) was proposed in Section 3.  Discussion and results were conducted in 

Section 4.  Finally, Section 5 drew the conclusion. 
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2. Literature Review 

2.1 Technological innovation capability (TICs) 
TICs was defined as an enterprises’ ability to improve their technological innovativeness 

in order to create new customer value through the introduction of new products and services, 

the exploitation of new technologies and the exploration of new skill and competencies 

(Perdomo-Ortiz et al., 2009, Wang et al., 2008, Huang, 2011). TICs assessments were also 

included the aspects of multi-dimensionality, complexity, interactive innovation activities with 

resource allocation to enhance competitive advantage (Wang et al., 2008, Chiesa et al., 1996).  

 

Various researchers have developed the technological innovation framework, approaches 

and components to evaluate a firm’s technological or innovation capabilities. For instance, 

Baark et al., (2011) classified the assessment of a firm’s TICs into four approaches: (i) the asset 

approach (Christensen, 1995), (ii) process approach (Chiesa et al., 1996; Burgelman et al., 

2004), (iii) output-based (Romijin and Albaladejo, 2002), and (iv) functional approach (Guan 

and Ma, 2003; Yam. et al., 2004). Yam et al., 2004 developed an audit innovation capability 

model by using functional approach, which consisted of seven components: learning capability, 

R&D capability, resource allocation capability, manufacturing capability, marketing capability, 

organizing capability and strategic planning capability. These studies of technological 

innovation capability development are basically related to our research in view of providing an 

overall framework for understanding the importance of such capability. 

 

Based on the extensive literature review, overall TICs evaluation factors were concluded in 

Table 1. 
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Table 1: Summary of the perspectives and criteria of TICs’ evaluations  
Perspectives/ Criteria Author 

Innovation Management Capability (P1) 

Strategic Management Capability (C1) Burgelman et al., (2004), O’Regan et al., (2006), Ceylan and Koc (2007), Dobni (2008), Yam et 

al., (2004), Yam et al., (2011), Türker (2012). 

Organization Capability (C2) Guan et al., (2006), O’Regan et al., (2006), Burgelman et al., (2004), Yam et al., (2004), Yam et 

al., (2011), Ceylan and Koc (2007), Dobni (2008), Spyropoulou and Kyrgidou (2012), Türker 

(2012). 

Resource Allocation Capability (C3) Chiesa et al., (1996), Barney and Clark (2007), Burgelman et al., (2004), Guan et al., (2006), 

Dobni (2008), Wang et al., (2008), Ceylan and Koc (2007), Yam et al., (2011), Spyropoulou 

and Kyrgidou (2012), Voudouris et al., (2012). 

Risk Management Capability (C4) Amabile et al., (1996), Isaksen et al., (1999), Forsman (2011), Yang (2012). 

Collective Learning Capability (P2) 

Learning Capability (C5)  Guan et al., (2006), Chiva and Alegre (2007), Teece (2007), Alegre and Chiva (2008), Yam et 

al., (2004), Yam et al., (2011), Camisón and Villar-López (2012). 

Absorptive Capacity (C6) Ceylan and Koc (2007), Zahra and George (2002), Lane and Koka (2006), Camisón and Forés 

(2010), Forsman (2011), Wonglimpiyarat  (2010), Kim et al., (2011), Gebauer et al., (2012), 

Lin et al., (2012). 

Knowledge Management Capability (C7) Forsman (2011), Yang (2012). 

Innovation Sourcing Capability(P3) 

Network Linkage Capability (C8) Lin (2004), Chesbrough (2004), Tidd (2006), Kim and Song (2007), Spithoven et al., (2010), 

Shan and Jolly (2010), Zeng et al., (2010), Huang (2011), Forsman (2011), Mu and Benedetto 

(2011), Kim et al., (2011), Voudouris et al., (2012). 

Technology Acquisition Capability (C9) Chiesa et al., (1996), Ceylan and Koc (2007), Lee et al., (2009). 

Technology Development Capability(P4)  

R&D Capability (C10) Guan et al., (2006), Wang et al., (2008), Yam et al., (2004), Yam et al., (2011), Zahra and 

George (2002), Levitas and Mc Fadyen (2009), Kim et al., (2011), Forsman (2011), Lin et al., 

(2012). 

Project Cross Functional  Team Integration 

Capability (C11) 

Martins and Terblanche (2003), Lin (2004), Camisón and Forés (2010), Kim et al., (2011), Yam 

et al., (2011). 

Technology Change Management Capability 

(C12) 

Jansen et al., (2005), Garrison (2009), Forsman (2011). 

Robustness Product & Process Design Capability (P5) 

Product Structural Design and Engineering 

Capability (C13) 

Chiesa et al., (1996), Christensen (1995), Zhang et al., (2000), De Toni and Nassimbeni (2001), 

Antony et al., (2002), Nassimbeni and Battain (2003), Lin (2004), Ho et al., (2011). 

Process  Design and Engineering  Capability 

(C14) 

Chiesa et al., (1996), Zhang et al., (2000), De Toni and Nassimbeni (2001), Antony et al., 

(2002), Nassimbeni and Battain, (2003). 

Technology Commercialization Capability (P6) 

Manufacturing Capability (C15) Lin (2004), Yam et al.,(2004), Guan et al. (2006), Wang et al.,(2008), Yam et al., (2011), Kim 

et al., (2011), Yang (2013). 

Market Capability (C16) Lin (2004), Yam et al., (2004), Guan et al., (2006), Dobni (2008), Wang et al., (2008), Yam et 

al., (2011), Forsman (2011), Mu and Benedetto (2011), Kim et al., (2011). 
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2.2 DEMATEL Method 
DEMATEL method was originally developed between 1972 to 1979 by the Science and 

Human Affairs Program of the Battelle Memorial Institute of Geneva, with the purpose of 

studying the complex and intertwined problematic group.  It has been widely accepted as one 

of the best tools to solve the cause and effect relationship among the evaluation criteria (Chiu et 

al., 2006, Liou et al., 2007, Tzeng et al., 2007, Wu and Lee, 2007, Lin and Tzeng, 2009). This 

method is applied to analyze and form the relationship of cause and effect among evaluation 

criteria (Yang et al., 2008) or to derive interrelationship among factors (Lin and Tzeng, 2009). 

Based on Yu and Tseng (2006), Liou, et al., (2007), Tzeng, et al., (2007), Yang, et al., (2008), 

Wu and Lee (2007), Shieh et al., (2010), the procedure of DEMATEL method is presented 

below:  

 

 

 

 

 

 

 

 

 

 

Figure 1: The process of the DEMATEL method. 

 

Step 1: Gather experts’ opinion and calculate the average matrix Z 

A group of m experts and n factors are used in this step. Each expert is asked to view the 

degree of direct influence between two factors based on pair-wise comparison. The degree to 

which the expert perceived factor i affects on factor j is denoted as xij. The integer score is 

ranged from 0 (no influence), 1 (low influence), 2 (medium influence), 3 (high influence), and 4 

(very high influence), respectively. For each expert, an n x n non-negative matrix is constructed 

as Xk =ൣݔ௜௝
௞ ൧, where k is the expert number of participating in evaluation process with 1≤ k ≤ m. 

Thus, X1, X2, X3,.., Xm are the matrices from m experts. 
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To aggregate all judgments from m experts, the average matrix Z= [zij] is shown below. 

 

zij = ଵ
௠

∑ ௜௝ݔ
௞௠

௜ୀଵ        (1) 

 

Step 2: Calculate the normalized initial direct- relation matrix D 

The normalized initial direct-relation matrix D = [dij], where value of each element in 

matrix D is ranged between [0, 1]. The calculation is shown below. 

 

D = λ * Z,                               (2) 

or 

   [dij]nxn = λ [zij]nxn           (3) 

where 

  λ = Min൤ ଵ
௠௔௫ ଵஸ௜ஸ௡ ∑ ห௭೔ೕห೙

ೕసభ
, ଵ

௠௔௫ ଵஸ௜ஸ௡ ∑ ห௭೔ೕห೙
೔సభ

൨  (4) 

Based on Markov chain theory, ܦ௠  is the powers of matrix D, e.g. D2, D3,…, D∞ 

guarantees the convergent solutions to the matrix inversion as shown below. 

   lim௠՜ஶ  ௠ = [0]nxn,            (5)ܦ

 

Step 3: Derive the total relation matrix T 

The total-influence matrix T is obtained by utilizing Eq. (7), in which, I is an n x n identity 

matrix. The element of tij represents the indirect effects that factor i had on factor j, then the 

matrix T reflects the total relationship between each pair of system factors.   

 

   T  = lim
௠՜ஶ

(D + ܦଶ + …+ ܦ௠ሻ       (6) 

 

=  ∑ ௜ஶܦ
௠ୀଵ      

where  

  ∑ ௜ஶܦ
௠ୀଵ    = D1 + ܦଶ + …+ ܦ௠ 
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    = D (I + D1 + ܦଶ + …+ ܦ௠ିଵ) 

    = D (I - D)-1(I - D)(I + D1 + ܦଶ + …+ ܦ௠ିଵ)  

    = D (I - D)-1(I - Dm) 

   T = D (I - D)-1          (7) 

 

Step 4: Calculate the sums of rows and columns of matrix T  

In the total-influence matrix T, the sum of rows and the sum of columns are represented by 

vectors r and c, respectively. 

    

   r = [ri]nx1 = ൫∑ ௜௝ݐ
௡
௝ୀଵ ൯nx1,      (8) 

 

   c = ሾ ௝ܿሿ ́1xn = ሾ∑ ௜௝ݐ
௡
௝ୀଵ ሿ ́1xn ,      (9) 

where ሾ ௝ܿሿ ́ is denoted as transposition matrix. 

 

Let ri be the sum of ith row in matrix T. The value of ri indicates the total given both directly 

and indirectly effects, that factor i has on the other factors.  

Let cj be the sum of the jth column in matrix T. The value of cj shows the total received both 

directly and indirectly effects, that all other factors have on factor j. If j = i, the value of (ri + ci) 

represents the total effects both given and received by factor i. In contrast, the value of (ri-ci) 

shows the net contribution by factor i on the system. Moreover, when (ri -ci) was positive, factor 

i was a net cause. When (ri -ci) was negative, factor i was a net receiver (Tzeng et al., 2007; Liou 

et al., 2007; Yang et al., 2008; Lee et al., 2009).   

 

Step 5: Set a threshold value (α)  

The threshold value ሺߙ), was computed by the average of the elements in matrix T, as 

computed by Eq. (11). This calculation aimed to eliminate some minor effects elements in 

matrix T. (Yang et al., 2008).  

 = ߙ
∑ ∑ ሾ೙

ೕసభ
೙
೔సభ ௧௜௝ሿ

N
        (10) 

where N is the total number of elements in the matrix T.  
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Step 6: Build a cause and effect relationship diagram 

The cause and effect diagram is constructed by mapping all coordinate sets of (ri +ci, ri -ci) 

to visualize the complex interrelationship and provide information to judge which are the most 

important factors and how influence affected factors (Shieh et al., 2010). The factors that tij is 

greater than ߙ, are selected shown in cause and effect diagram (Yang et al., 2008).  

3. Research Methodology 

3.1 Research Framework of TICs 
This section established a structure for identifying the evaluation perspective and criteria 

as well as their relationships of TICs factors. An overview of the proposed TICs evaluation 

framework was illustrated in Figure 2. The details of each procedure and the results were 

explained in next section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The proposed procedure of TICs criteria assessment. 

3.2 Procedure and the result 
This section is to describe the process of TICs evaluation perspectives and criteria, 

according to Figure 2. Not only the determination of TICs evaluation perspectives and criteria 

but also the measurement of the relationship among them was also performed. The process and 

the result of each stage were presented in the following stages: 

Content validation by experts 

Extensive literature reviews 

 

Applying DEMATEL method 

Stage 1: Define the problem statement 

Stage 2: Explore TICs measurement perspectives and  

criteria 

Stage 3: Develop interview questionnaire and validity  

testing  

Stage 4: Interview session with 11 industrial experts  

Stage 5: Analyze cause and effect relationship among  

and identify evaluation factors 
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3.2.1 Stage of defining the problem statements 
To encounter the fierce competition of the dynamic global environment and the upcoming, 

TICs are considered as one of the significant factors of Thai technology-based firms to sustain 

competitiveness. Hence, an evaluation of TICs turns to be a tool to aid managements to define 

strengths and weaknesses in term of TICs. Appropriate factors of TICs then should be 

identified. This study presents not only the appropriate factors but also the cause and effect 

relationship among the perspectives and criteria. 

3.2.2 Stage  of  exploring  the  TICs measurement  perspectives  and  criteria  from 

literature reviews 

The extensive literature review was conducted to identify multi-attributions and 

multi-dimensionalities of the TICs evaluation factors. Based on the reviews, six perspectives 

and sixteen evaluation criteria were derived as shown in Table 1. 

3.2.3 Stage of developing a questionnaire   
After obtaining the sixteen criteria and six perspectives of TICs evaluation factors from 

literatures, a questionnaire was designed.  A group of qualified experts reviewed and tested the 

designed questionnaire to assure the content validity of questionnaire.  The group of qualified 

experts was consisted of three professionals from academic institutions, two from industrial 

sector and one from Thai Automotive Institution.  After interviewing, the questionnaire was 

revised based on the experts’ aspects. 

3.2.4 Stage of interviewing session 
Eleven experts were asked to complete the questionnaire. The experts have at least 5 years 

experiences and worked in management positions in well-known Thai technology-based firms 

and some of the firms were awarded as Thailand’s Most Innovative Company in 2010. After 

obtaining the completed questionnaires from the experts, DEMATEL analytical technique was 

used to determine the causal relations and to identify the significant perspectives and criteria. 

The results of analyses were shown in the next section. 
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3.2.5 Stage  of  analyzing  the  causal  relation  and  identifying  the  evaluation 

perspectives and criteria   

Based on the six perspectives and sixteen criteria of TICs evaluation as stated above, this 

study further employed the DEMATEL method to indicate the complex relationship and 

identify the significant TICs evaluation perspectives and criteria. In this section, the 

computation was divided into two parts for calculating on perspectives and criteria, 

respectively. The procedure of the DEMATEL method and the results of each stage were also 

presented as follows. 

3.2.5.1 Applying DEMATEL method on the six perspectives 

Xk showed the data gathered in terms of the six perspectives of expert k, where Xk =ൣݔ௜௝
௞ ൧. 

Step procedures of applying DEMATEL method were shown next. 
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 (1) The computation of the average matrix Z was constructed by using Eq. (1). 
 

  0 2 2.2727 2.2727 2.2727 3.4545 

  1.90909 0 2.54545 3 2.5454 1.7272 

 Z = 1.18181 2.1818 0 1.7272 2 1.3636 

  1.72727 3.3636 1.72727 0 1.8181 1.9090 

  1.72727 1.6363 1.81818 1.8181 0 2.9090 

  1.72727 1.2727 1.63636 1.6363 1.9090 0 

 
(2) The normalized initial direct-relation matrix D was calculated by using Eq. (2) to 

Eq.(5). 
 

  0.0000 0.1760 0.2000 0.2000 0.2000 0.3040 

  0.1680 0.0000 0.2240 0.2640 0.2240 0.1520 

 D =  0.1040 0.1920 0.0000 0.1520 0.1760 0.1200 

  0.1520 0.2960 0.1520 0.0000 0.1600 0.1680 

  0.1520 0.1440 0.1600 0.1600 0.0000 0.2560 

  0.1520 0.1120 0.1440 0.1440 0.1680 0.0000 

 

(3) The total relation matrix T was calculated by using Eq. (6) to Eq. (7) as shown below.  
 

 1.1983 1.6022 1.5638 1.6194 1.6335 1.7897 

 1.3147 1.4312 1.5522 1.6366 1.6189 1.6449 

T  =  0.9837 1.2421 1.0379 1.2130 1.2383 1.2532 

  1.2195 1.5575 1.4040 1.3262 1.4714 1.5434 

  1.1290 1.3342 1.3001 1.3464 1.2203 1.4966 

  0.9883 1.1431 1.1256 1.1653 1.1928 1.1104 

 
(4) The sums of rows and columns of matrix T were calculated by using Eq. (8) to Eq. (9) 

as shown in Table 2. 

 

Table 2: The sums of given and received among six perspectives. 
 P1 P2 P3 P4 P5 P6 ri cj (ri+ cj) (ri- cj) 

P1 1.1983 1.6022* 1.5638* 1.6194* 1.6335* 1.7897* 9.4068 6.8335 16.2403 2.5733 

P2 1.3147 1.4312* 1.5522* 1.6366* 1.6189* 1.6449* 9.1985 8.3103 17.5087 0.8882 

P3 0.9837 1.2421 1.0379 1.2130 1.2383 1.2532 6.9683 7.9836 14.9519 -1.0153 

P4 1.2195 1.5575* 1.4040* 1.3262 1.4714* 1.5434* 8.5219 8.3069 16.8288 0.2151 

P5 1.1290 1.3342 1.3001 1.3464 1.2203 1.4966* 7.8266 8.3752 16.2018 -0.5486 

P6 0.9883 1.1431 1.1256 1.1653 1.1928 1.1104 6.7255 8.8382 15.5637 -2.1127 
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(5) The set up of the threshold value (α)  

The threshold value was derived from the average of elements in matrix T, which was 

calculated by using Eq. (10).  

  = ߙ
ସ଼.଺ସ଻଻

ଷ଺
 = 1.351 

 

(6)  The construction of the cause and effect relationship diagram  

The values of tij in Table 2, which were greater than α (1.351), were shown as tij
*, which 

presented the interaction between perspectives, e.g. the value of t12 (1.6022) > α (1.351), the 

arrow in the cause and effect diagram was drawn from P1 to P2. The cause and effect diagram of 

six perspectives was constructed as Figure 3. 

 
Figure 3: The visualization of the causal relationship among perspectives of TICs. 

3.2.5.2 Applying DEMATEL method on the sixteen criteria 

Under each perspective, the significant criteria were determined by using the same 

procedures as described in (1) to (6) above. Both direct and indirect effects of the criteria under 

six perspectives were summarized in Table 3 and the cause and effect diagrams among criteria 

under each perspective were shown in Figure 4 to Figure 9. 
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4. Discussion and Results 

4.1 Results on the Perspectives   
The important of evaluation perspectives was determined by (r+c) values. Based on Table 

3, Collective Learning Capability (P2) was the most important evaluation perspective with the 

largest (r+c) value = 17.5087, whereas Innovation Sourcing Capability (P3) was the least 

important perspective with the smallest (r+c) value = 14.9519. Regarding to (r+c) values, the 

prioritization of the importance of six evaluation perspective was P2 > P4> P1> P5> P6> P3.  

 

Table 3: The direct and indirect effects of the criteria under each perspective. 
Criteria (r+c) (r-c) 

The overall effects of the four criteria of Innovation Management Capability perspective 

Strategic Management Capability (C1) 17.8235 2.1543 

Organization Capability (C2) 19.7564 0.1836 

Resource Allocation Capability (C3) 17.0986 -1.3492 

Risk Management Capability (C4) 17.7238 -0.9887 

The overall effects of the three criteria of Collective Learning Capability perspective 

Learning Capability (C5) 9.3937 0.3263 

Absorptive Capability (C6) 9.3174 1.3097 

Knowledge Management Capability(C7) 9.0972 -1.6360 

The overall effects of the two criteria of Innovation Sourcing capability perspective 

Network Linkage Capability (C8) 6.3333 1.0000 

Technology Acquisition Capability (C9) 6.3333 -1.0000 

The overall effects of the three criteria of Technology Development Capability perspective 

R&D Capability (C10) 71.7604 2.8446 

Project Cross Functional Team Integration Capability (C11) 68.7422 1.7228 

Technology Change Management Capability(C12) 65.4969 -4.5675 

The overall effects of the two criteria of Robustness Product & Process Design Capability perspective 

Product Structural Design and Engineering Capability (C13) 7.8000 1.0000 

Process Design and Engineering Capability (C14) 7.8000 -1.0000 

The overall effects of the two criteria of Technology Commercialization Capability perspective 

Manufacturing Capability (C15) 21.000 1.0000 

Market Capability (C16) 21.000 -1.0000 
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Figure 5: The cause and effect diagram of the three  

criteria of Collective Learning Capability 
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Figure 4: The cause and effect diagram of the four  

criteria of Innovation Management Capability 
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Figure 7: The cause and effect diagram of the three  

criteria of Technology Development Capability 
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Figure 6: The cause and effect diagram of the two  

criteria of Innovation Sourcing Capability. 
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Figure 8: The cause and effect diagram of the two criteria  

of Robustness Product & Process Design Capability 

Figure 9: The cause and effect diagram of the two 

criteria of Technology Commercialization Capability 
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Based on (r-c) values, the six perspectives were divided into (i) cause group and (ii) effect 

group.  

 

(i) If the value of (r-c) was positive or net cause, such perspective was classified in the 

cause group, and directly affected the others. The highest (r-c) factors also had the greatest 

direct impact on the others. In this study, Innovation Management Capability (P1), Collective 

Learning Capability (P2), and Technology Development Capability (P4) were classified in the 

cause group, having the (r-c) values of 2.5733, 0.8882, and 0.2151, respectively. It also 

indicated that P1 (Innovation Management Capability) was the most critical impact factor on 

the others. Based on the matrix T in Table 2, it was found that P2 (Collective Learning 

Capability) and P4 (Technology Development Capability) had a mutual interaction as both the 

value of t24 (1.6366) and t42 (1.5575) were greater than α (1.351).  

 
(ii) If the value of (r-c) was negative or net receive, such perspective was classified in the 

effect group, and largely influenced by the others. For this study, Technology 

Commercialization Capability (P6), Innovation Sourcing Capability (P3) and Robustness 

Product and Process Design Capability (P5) were categorized in the effect group, with the (r-c) 

values of -2.1127, -1.0153 and -0.5484, respectively. And P6 (Technology Commercialization 

Capability) was the most affected by the other factors (P1), (P2), (P4), and (P5). 

4.2 Results on the Criteria   
According to Table 3, under Innovation Management Capability perspective (P1), this 

study found that Organization Capability (C2) and Strategic Management Capability (C1) were 

the two most important criteria based on first and second highest (r+c) values of 19.7564 and 

17.8235, respectively. Whereas both Strategic Management Capability (C1) and Organization 

Capability (C2) were in the cause group based on their positive (r-c) values of 2.1543 and 

0.1836, respectively. For Resource Allocation Capability (C3) and Risk Management 

Capability (C4) were in the effect group, given negative (r-c) values of -1.3492 and -0.9887, 

respectively. From Figure 4, Strategic Management Capability (C1) was the most critical 

criteria because it directly influenced on the other three criteria. Organization Capability (C2) 

had a direct impact on Resource Allocation Capability (C3) and a mutual interaction on Risk 

Management Capability (C4). 
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For the perspective of Collective Learning Capability (P2), Learning Capability (C5) and 

Absorptive Capability (C6) were the two most important criteria based on higher (r+c) values 

of 9.3937 and 9.3174, respectively. They were also the net cause group with higher positive 

(r-c) values of 0.3263 and 1.3097, respectively. For Knowledge Management Capability (C7) 

was net receive with the (r-c) value of -1.6360. From Figure 5, Absorptive Capability (C6) 

presented as the most significant criteria given impact to the other two criteria.  

 
For the perspective of Innovation Sourcing capability (P3) in Table 3, Network Linkage 

Capability (C8) and Technology Acquisition Capability (C9) showed the same importance level 

of the (r+c) values 6.3333. However, based on the (r-c) value of 1.0 (Figure6), Network 

Linkage Capability (C8), was a net cause and largely impacted Technology Acquisition 

Capability (C9). 

According to Technology Development Capability perspective (P4), R&D Capability (C10) 

and Project Cross Functional Team Integration Capability (C11) were the two most important 

criteria with highest (r+c) values of 71.7604, and 68.7422, respectively. Both of them were net 

cause. As shown in Figure7, R&D Capability (C10) had the greatest (r-c) value of 2.8446, which 

directly affected Technology Change Management Capability (C12) and had a mutual 

interaction on Project Cross Functional Team Integration Capability (C11). 

For the perspective of Robustness Product & Process Design capability (P5), both criteria 

Product Structural Design and Engineering Capability (C13) and Process Design and 

Engineering Capability (C14) had the same importance level of the (r+c) values equaling to 

7.80. However, as Figure 8, Product Structural Design and Engineering Capability (C13) was 

net cause with the (r-c) value of 1.0, and affected Process Design and Engineering Capability 

(C14). 

 
For the perspective of Technology Commercialization Capability (P6), there were the same 

importance level of the two criteria i.e. Manufacturing Capability (C15) and Market Capability 

(C16), based on their equal (r+c) values of 21.0. However, as Figure 9, Manufacturing 

Capability (C15) was a net cause having the (r-c) value of 1.0 and affected Market Capability 

(C16). 
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5. Conclusion 
This study applied DEMATEL method not only to analyze the TIC evaluation perspectives 

and criteria, consisting of six perspectives and sixteen criteria for Thai technology-based firms’ 

but also to describe the cause and effect relationship among them. The result implied that the 

management should concentrate on improving the three core perspectives in the cause group 

i.e. Innovation Management Capability, Collective Learning Capability, and Technology 

Development Capability. The three remaining perspectives were found in the effect group i.e. 

Technology Commercialization Capability, Innovation Sourcing Capability and Robustness 

Product and Process Design Capability, which they were also affected by the ones in the cause 

group.  

 

By the aspect of prioritizing the importance of criteria and the cause and effect relationship 

among criteria under the three core perspectives, this study found that the Strategic 

Management Capability, Absorptive Capability and R&D Capability were the most critical 

criteria. Therefore, in order to enhance the overall competitive advantage in term of TICs, Thai 

technology-based firms should allocate more resources in these core perspectives. In the case of 

having limited resources, firms should emphasize on their Strategic Management Capability 

since it is the main critical criteria in the adjustment of corporate planning and would yield 

highest positive results on TICs. 

6. Appendix 
The definitions of criteria are identified in Table A: 

Table A: terms and definitions of criteria used in this study 
Terms Definitions 

Strategic Management 

Capability 

The firm’s ability to identify internal strengths and weaknesses and external opportunities and 

threats, to formulate plans in accordance with the corporate vision and missions, and to adjust the 

plans for implementation (Yam et al., 2004). 

Organization Capability The firm’s ability to secure the organizational mechanism and harmony, to cultivate the organization 

culture, and to adopt the better management practices (Yam et al., 2004). 

Resource Allocation 

Capability 

The firm’s ability to acquire and to allocate appropriately capital, exercise and technology in the 

innovation process (Yam et al., 2004). 

Risk Management Capability The firm’s ability to assess the risk of technological innovation and to take the risk of technological 

innovation adoption (Forsman, 2011). 
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Table A: terms and definitions of criteria used in this study (continue) 
Terms Definitions 

Learning Capability  The firm’s ability to identify, to assimilate, and to exploit the knowledge from internal organization 

(Yam et al., 2004). 

Absorptive Capacity The firm’s ability to recognize, to assimilate, and to apply the value of new external information to 

commercial ends (Cohen and Lavinthal, 1990). 

Knowledge Management 

Capability 

The firm’s ability to accumulate critical knowledge resources and to manage its assimilation and 
exploitation (Miranda et al., 2011). 

Network Linkage Capability The firm’s ability to transmit information, skills and technology, and to receive them from other 

departments of the firm, including third parties such as the clients, the suppliers, the consultants, the 

technological institutions (Shan and Jolly, 2010). 

Technology Acquisition 

Capability 

The firm’s ability to acquire and to adopt external technology from other parties (Hemmert, 2004). 

R&D Capability The firm’s ability to integrate R&D strategy, project implementation, project portfolio management, 

and R&D expenditure (Yam et al., 2004). 

Project Cross functional  

team integration capability 

The firm’s ability to coordinate and to integrate all phases of the R&D process and the inter-relations 

with the functional tasks of engineering, production and marketing (Camisón and Forés, 2010). 

Technology Change 

Management Capability 

The firm’s ability to accurately predict future technological trends and to response the technology 

changes (Jansen et al., 2005). 

Product Structural Design 

and Engineering Capability 

The firm’s ability to design product structure, to build product modularization and to make product 

and process compatible (De Toni and Nassimbeni, 2001). 

Process  Design and 

Engineering Capability 

The firm’s ability to design process for supporting the manufacturing design and to design the 

assembly activities (De Toni and Nassimbeni, 2001).  

Manufacturing Capability  The firm’s ability to transform R&D result into products, which meet the market’s need as required 

design, and able to produce (Yam et al., 2004). 

Market Capability The firm’s ability to sell products on the basis of the understanding of customers’ need, the 

competitive environment, costs and benefits, and the acceptance of the innovation (Yam et al., 

2004). 
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