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1 Introduction 

One of the main concerns of modern-day companies is how to survive in the turbulent 
marketplace. In this environment, operation strategy is an essential tool that can help 
companies maintain their position or even increase their share of the global market. Ac-
cording to Si, Takala and Liu (2010), ‘The future competitiveness of manufacturing 
operations under dynamic and complex business situations relies on forward-thinking 
strategies’. As such, successful companies in today’s market are those that apply for-
ward thinking and are able to foresee market needs while also reacting adeptly to market 
changes. 

The notion of sustainable competitive advantages (SCA) was first defined by Porter 
(1985), and has since evolved slowly. According to Peteraf and Barney (2003: 314) a 
‘company has a competitive advantage when it is able to create more economic value 
than the marginal (break-even) competitor in its product market’. Sustainable competi-
tive advantage is based on the ‘sense and respond’ methodology, which replaced the 
traditional ‘make and sell’ strategy. 

Later, in 2001, Barney developed his definition further and introduced SCA as a re-
source-based theory. The core concept behind resource-based strategy is that if a firm is 
to achieve a state of SCA, it must acquire and control valuable, rare, inimitable and non-
substitutable resources. 

The sense and respond (S&R) model was developed to help with dynamic decision-
making by describing, evaluating, benchmarking and optimising lower-level resource 
allocations in order to meet the performance requirements of all the interest groups in-
side and outside an organisation, and in turn to improve higher-level strategies. The crit-
ical factor index (CFI) method is a measurement tool used to indicate which attributes 
of a process are critical and which are not, based on the experience and expectations of 
the interviewees. The S&R model has gone through three stages of development, which 
are known as the CFI model, BCFI model and SCFI model. 

Marone (1989) believes that taking technology into account provides opportunities 
for firms in the decision-making process and setting strategy for the future. Knowledge 
and technology (K/T) is thus included in the S&R questionnaire for the calculation of 
SCA levels. 

In this report, the effect of the knowledge and technology factor on SCA levels is in-
vestigated. The research problem of this study can be summarised in two research ques-
tions: 

1. How can the K/T effect on operative SCA be evaluated? 
2. How can the results from the calculations of CFIs, SCA risk level and K/T be 

evaluated? 
In order to answer these questions, seven case companies from the Oulu region of 

Finland are investigated. With the exception of one case company (C), for which only 
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one respondent was interviewed, at least two respondents are interviewed for each com-
pany. 

The aim of this report is to present a ‘first in the world’ case study on operative sus-
tainable competitive advantage and the corresponding risk levels by taking into account 
the effects of knowledge and technology for seven SME companies. In addition, this 
research can help firms strike a balance in resource allocation for each attribute in 
changing environments on the basis of different levels of technology (Basic, Core or 
Spearhead).  

The report starts with a short introduction of case companies, and then outlines the 
relevant theoretical background related to the SCA method. In the third part, the results 
of the SCA method investigation are presented. In the subsequent chapter, the results of 
the weak market test are presented to show how well SCA method works in practice, 
followed by a discussion and conclusion about the investigation of these case companies 
according to the SCA method. Finally, the last part of the paper provides brief theoreti-
cal background information and analysis of the DEA method for these case companies. 
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2 Oulu South region 

 
The case companies of this study are located in Oulu South region. The Oulu South 

is located in Northern Ostrobothnia, in the southern part of the province of Oulu, Fin-
land. The area includes a total of 14 municipalities with a total population of just under 
90,000, or about one quarter of the population of Northern Ostrobothnia. In 2001, the 
Oulu Southern Regional Ministry of the Interior approved the regional centre program, 
which divided the region into three sub-regional network-type areas of cooperation. The 
region’s development strategy has been put forth in the Oulu South 2015 agreement. 
The agreement has been applied in the main area of development since 2007, and will 
continue to be until 2015.  

Oulu South is one of the main agricultural areas in Finland, and can be characterised 
as an industrialised rural area, since the region offers a considerable amount of manu-
facturing industry jobs. The largest industries are agriculture, metals, wood products, 
and information and communication technology (ICT). The regional unemployment rate 
is among the lowest in northern Finland and the age structure of the population is 
young; this differentiates Oulu South from other Finnish rural areas. Oulu South is a 
business-friendly area with about 4,600 currently active companies. Of these, about 
95% of companies are micro-enterprises. 

 

 
 
 

Figure 1. Oulu South municipalities and numbers of companies 
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3 Theoretical background 

3.1  Operative manufacturing strategies 

Barney et al. (2001), suggest that sustainable competitive advantages are resource- 
based strategies. The core concept behind resource-based strategy is that if a firm is to 
achieve a state of SCA, it must acquire and control valuable, rare, inimitable, and non-
substitutable resources. Moreover, this firm should have an organisation that can absorb 
and apply them (Kraaijenbrink, Spender and Groen, 2010). It should be emphasised 
here that technology as know-how is a relevant part of resource-based strategy (Braun, 
1998; Takala, 1997). 

Wernerfelt (1984) suggests that analysing a firm from the resource side has greater 
benefits as compared to analysis from the product side. In fact, he believes that the re-
sources and the product should be taken into account simultaneously, and that finding 
optimal product market activities is possible by specifying a resource profile for a firm. 

3.2   AHP, questionnaires, data collection and analysis 

According to Saaty (1980), ‘The Analytic Hierarchy Process (AHP) method is a mul-
ti-attribute decision instrument that allows considering quantitative, qualitative 
measures and making rank priorities from pairwise comparison method’ 

In this study, data on case companies are collected by asking managers or people 
from management groups to answer questionnaires for different departments. The inter-
viewees are normally decision-makers and middle management groups in the case com-
panies who understand the company’s operations; the number of informants is depend-
ent on the size of the case company. The interviewed high-competence experts are ex-
pected to have a thorough knowledge of the studied case company's operations. 

3.3  Sense and respond, CFIs 

 
The sense and respond (S&R) model is used to help in dynamic decision-making by 
describing, evaluating, benchmarking and optimising lower-level resource allocations in 
order to meet the performance requirements of all the interest groups inside and outside 
an organisation, and in turn to improve higher-level strategies. The critical factor index 
(CFI) method is a measurement tool used to indicate which attributes of a process are 
critical and which are not, based on the experience and expectations of the interviewees. 



13 
 

 

The S&R model has gone through three stages of development, which are known as the 
CFI model, the BCFI model and the SCFI model. 

In the past, a forecasting method was used to gather relevant information as part of 
implementing a company’s new strategy. However, this method is not precise and essen-
tially consists of guessing what the future will bring. Over time, the S&R method has 
been employed to help companies develop a picture of what phenomena might take 
place in the future. Using S&R enables a company not only to collect data regarding 
expectations and experiences, but also to understand how the target group sees them in 
relation to their competitors, as well as how they see the development of a certain at-
tribute within a given time frame (Strauss and Neuhauss, 1997; Bradley and Nolan, 
1998; Ranta and Takala, 2007). 

Comparing S&R to the traditional ‘make and sell’ strategy shows that S&R is faster 
and offers more real time information (Nolan and Bradley, 1998). The key differences 
between make and sell strategies compared to sense and respond strategies are as fol-
lows (Bradley and Nolan, 1998: 6): 

 
Table 1. Make and Sell vs. Sense and Respond 

 
"Make and 
Sell" 

 vs.  "Sense and Respond" 

      
Annual budget   
resource 

   Dynamic, real time resource 
allocation 

allocation is the "heartbeat"   is the "heartbeat" 
      
Glacial change    Real-time change 
      
Design, build, 
sell 

   Sell, build, design 

      
Plan     Act 
      
Market share    Mind share 
      
Build to 
inventory 

   Build to customer 

      
Build reliable, complex 
products 

  Create unimaginably 
complex products 

and services    and services 
 

 
Rautiainen and Takal (2003) developed the S&R questionnaire method based on the 

S&R methodology. The main role of this questionnaire is to develop a fast and reliable 
way of defining market needs, and to react to these needs in such a way that ensures 
current important attributes are developing and changing in the right direction.   

  

3.4  Manufacturing strategy 

The analytical models for manufacturing strategy are used to calculate the operation-
al competitiveness indices of companies in different competitive groups, namely pro-
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spector, analyser and defender. The manufacturing strategy index (MSI) is modeled 
based on the multi-criteria priority weights of Q (Quality), C (Cost), T (Time/delivery) 
and F (Flexibility), as the function = ( , , , )MSIMSI Q C T F . (Takala et al., 2007). 

Figure 2 shows the different positions of a firm considering operational strategy. In 
this picture, prospectors are constantly seeking out new market and product innovations, 
and create instability in the market. Prospectors concentrate on quality and are thus not 
as cost-effective as defenders. Analysers work with both static and dynamic markets. In 
static markets they seek to operate as cost-effectively as possible, while in dynamic 
markets they observe their competitors and try to adapt to the most promising ideas. 
Defenders work within narrow market areas and have a narrow product portfolio. De-
fenders also concentrate on intensifying their existing processes and do not seek out 
new products and market innovations. 

 

 
 

Figure 2. Manufacturing strategy 
 

3.5  SCA, MAPE, RMSE, MAD 

 Sustainable competitive advantage (SCA) is the measurement of the risk level at 
which an operation strategy should be maintained in order to sustain operational com-
petitiveness during a specific period. There are three indices used to measure the risk 
level within operational strategy necessary for sustainable competitive advantages in 
this report, namely MAPE, RMSE and MAD. 

3.6  Technology Rankings, BCFI K/T 

The knowledge and technology (K/T) requirement section has been added to the 
S&R questionnaire in order to gather further information about the companies’ K/T 
rankings. According to Tuominen et al. (2003), basic technology refers to commonly 
used technologies that can be purchased or outsourced, core technology refers to a com-
pany’s current competitive technologies and spearhead technology refers to technolo-
gies focused on the future. The following picture illustrates the linkages within the tech-
nology life cycle (Tuominen et al., 2003): 
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Figure 3. The linkages between technology life cycles and the technology pyramid (Tuomi-
nen et al., 2003: 5). 

 
The pyramid can also contain a fourth level consisting of additional technologies, 

which represents functions that are outsourced (Tuominen et al., 2003). 
Each attribute is numbered and analysed in the graphs with respect to the order. The 

importance of the different technological levels (Basic, Core or Spearhead) in technolo-
gy-based businesses has a significant impact on companies’ strategy implementation 
and knowledge requirements, and can support a company’s success in the competitive 
category chosen. The attributes are assigned to one of the multiple key categories of the 
RAL model, namely Quality (Q), Cost (C), Time/Delivery (T) and Flexibility (F), de-
pending on their most significant effect. 
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4 Results 

4.1  The influence of the K/T factor on SCA Risk Level 

The following tables show how calculating K/T factor can affect SCA risk level: 

4.1.1  SCA risk level in past without K/T: 

 
Table 2. SCA risk level for Oulu South region (Past) 

 

Past 
A    

Past 
B 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE  0.95  0.88 0.87        MAPE  0.95 0.88 0.87    

RMSE  0.96  0.92 0.92        RMSE  0.96 0.92 0.92    

MAD  0.97  0.94 0.94        MAD  0.97 0.94 0.94    

                                

Past 
C    

Past 
D 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE     0.94 0.92        MAPE  1.00 0.95 0.91    

RMSE     0.96 0.95        RMSE  1.00 0.97 0.94    

MAD     0.97 0.96        MAD  1.00 0.97 0.95    

                                

Past 
E    

Past 
F 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE  0.90  0.87 0.90        MAPE  0.98 0.91 0.92    

RMSE  0.94  0.92 0.94        RMSE  0.99 0.94 0.95    

MAD  0.95  0.93 0.95        MAD  0.99 0.95 0.96    

                                

Past 
G                   

CFI  BCFI  SCFI  BCFI T/K                   

MAPE  0.90  0.88 0.89                      

RMSE  0.94  0.92 0.92                      

MAD  0.95  0.94 0.94                      
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According to the above table, almost all the risk levels are less than 0.10, which 
means that the company operation strategy is sustainable. Only in three cases (one from 
Case A, one from Case B and two from Case G) is the risk level slightly more than 0.10, 
which is not significant considering the rest of the results. 

        

4.1.2  SCA risk level in future considering K/T  

The following tables show the effect of K/T calculation on SCA risk level for the fu-
ture: 

 
Table 3. SCA risk level for Oulu south region considering K/T (Future) 

 

Future 
A    

Future 
B 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE  0.88  0.98  0.98 0.80    MAPE  0.88 0.98  0.98  0.80

RMSE  0.93  0.99  0.99 0.88    RMSE  0.93 0.99  0.99  0.88

MAD  0.94  0.99  0.99 0.90    MAD  0.94 0.99  0.99  0.90

                                

Future 
C    

Future 
D 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE     0.94  0.93 0.94    MAPE  0.96 0.91  0.95  0.90

RMSE     0.96  0.95 0.96    RMSE  0.97 0.95  0.97  0.94

MAD     0.97  0.96 0.97    MAD  0.98 0.96  0.97  0.95

                                

Future 
E    

Future 
F 

CFI  BCFI  SCFI  BCFI T/K     CFI  BCFI  SCFI  BCFI T/K 

MAPE  0.88  0.88  0.84 0.83    MAPE  0.83 0.97  0.97  0.94

RMSE  0.93  0.93  0.90 0.90    RMSE  0.90 0.98  0.98  0.96

MAD  0.94  0.94  0.92 0.92    MAD  0.91 0.98  0.99  0.97

                                

Future 
G                   

CFI  BCFI  SCFI  BCFI T/K                   

MAPE  0.76  0.79  0.79 0.81                  

RMSE  0.85  0.87  0.87 0.88                  

MAD  0.89  0.90  0.90 0.91                  

 

 
According to all of the above tables, factoring in K/T can have an impact on SCA 

risk levels. More specifically, in the case of four companies (A, B, D and F), the SCA 
risk level increased after adding K/T factors. In Cases C and G, the risk level decreased, 
but not significantly. In case E, the SCA risk level remained almost unchanged after 
adding the K/T factor.  

 

4.2  Company A 

 Figure 4 demonstrates the comparison between the experiences and expectations of 
the respondents for Company A. According to this bar chart, the level of most of the 
attributes increases in the future, which means that the company expects to experience 
an improvement in terms of different criteria moving forward. 
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Figure 4. Expectation vs. Experience for Company A 
 
Here, the goal is to understand which of the attributes shows a bigger gap between 

expectation and experience. This issue is very important because it helps identify which 
of the attributes are taken more seriously by the company from a resource point-of-view, 
and which attributes the company actually wants to improve. 

Figure 5 presents the CFI(OP) calculation for Company A. Both red and yellow at-
tributes in this bar chart belong to extremes and should be considered critical or poten-
tially critical for the future. 

 

 
 
 

Figure 5. Demonstration of Extreme Attributes for Company A—CFI results  
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The following Figure 6 uses the same logic and shows extreme attributes concerning 
the BCFI calculation. 

 

 
 
 

Figure 6. Demonstration of Extreme Attributes for Company A—BCFI results  
 
The results of SCFI calculation are shown in Figure 7. 
 

 
 
 

Figure 7. Demonstration of Extreme Attributes for Company A—SCFI results  
 
Similarities between the two bar charts show that the most critical value for this 

company is attribute 2.3, which has a value of 0 in the CFI calculation and the most 
extreme values according to BCFI and SCFI calculations. 
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Figure 8 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI, measuring the importance of knowledge and technology (K/T) (the col-
umn on the left hand side). 

 

 
 

Figure 8. Comparison of traditional BCFI to extended one with K/T calculation—
Company A  

 
The charts above show that for some criteria the level of resources increases, while 

for other the amount decreases; in general, there is no fixed direction for BCFI when the 
K/T factor is included.  

Figure 9 shows the level of deviation between the respondents’ technology rankings. 
In general, the deviations for attributes do not seem to be very good, as more than half 
of the attributes’ values are over 1. In fact, the ideal condition would be to have much 
lower attribute values, indicating that there is not such a significant difference between 
the respondents’ technology rankings. 
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Figure 9. The level of deviation between respondents’ technology rankings—Company A
  

 
Figure 10 shows the level of deviation between the participants’ responses in terms 

of the different types of technology. 
 

 
 
 
 

Figure 10. Level of deviation for different types of technology —Company A 
 
According to the above bar charts, there are greater differences between the respond-

ents’ answers when related to spearhead technology, and different respondents have dif-
ferent ideas about the proposition of spearhead technology for different attributes. 

Figure 11 demonstrates the K/T ranking for Company A for different attributes. This 
bar chart shows that the current competitive technologies (Core technology) seem to be 
around 45%, commonly used technologies (Basic technology) are at around 30% and 
technologies focused on the future (Spearhead technology) are at around 25% for most 
of the attributes. 
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Figure 11. Knowledge and Technology ranking 
 
PDA values for past and future competitive strategy for Company A are shown in Ta-

ble 4. 
 

Table 4. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
 

 prospector Analyzer Defender 

CFI Past 0.89 0.93 0.91 

Future 0.91 0.92 0.93 

BCFI Past 0.91 0.97 0.89 

Future 0.92 0.96 0.90 

SCFI Past 0.90 0.98 0.89 

Future 0.91 0.99 0.90 

BCFI TK Future 0.94 0.89 0.90 

 

 
The values in the table above show that, in general, the company’s strategy is sus-

tainable and there is no significant level for PDA values for past and future company 
strategy. Another important result is that including the K/T factor in BCFI calculations 
shows that this company holds the position of Prospector for the future, whereas their 
position is mainly as an Analyser in absence of the K/T factor. 

In Table 5, the risk levels associated with different strategies are shown according to 
MAPE, RMSE and MAD. 

 
 

Table 5. SCA risk level 
 

 MAPE RMSE MAD 

CFI Past 0.95 0.96 0.97 

Future 0.88 0.93 0.94 

BCFI Past 0.88 0.92 0.94 

Future 0.98 0.99 0.99 

SCFI Past 0.87 0.92 0.94 

Future 0.98 0.99 0.99 

BCFI TK Future 0.80 0.88 0.90 

 

 
According to the table above, the risk of operation strategy for sustainable competi-

tive advantages is usually less that 10%, which shows a very good condition in terms of 
setting different strategies. 
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4.3         Company B 

Figure 12 shows the matches between experience and expectation in terms of differ-
ent attributes for Company B. According to this bar chart, the average of expectation is 
higher than average of experience, which means that this company plans on improving 
in terms of different attributes in the future. 

 

 
 

Figure 12. Expectations vs. Experience for Company B  
 
The next three bar charts present the results of CFI (OP) calculations for Company B. 

Similarities between these three bar charts show that attribute 1.2 is considered to be 
one of the most critical attributes for company B; this attribute is located in the over 
resources area of all three charts. 

 
 

Figure 13. Demonstration of Extreme Attributes for Company B—CFI results 
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Figure 14. Demonstration of Extreme Attributes for Company B—BCFI results 

 
 

Figure 15. Demonstration of Extreme Attributes for Company B—SCFI results 
 

Figure 16 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI, measuring the importance of K/T (the column on the left hand side). 

According to these bar charts, including the K/T calculation does not make a signifi-
cant difference in the position of any particular criteria, and most of the criteria remain 
unchanged. Only attribute 3.4 changes from critical to balanced, while attributes 4.3 and 
4.4 change from balanced to under-resourced areas when including K/T. 
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Figure 16. Comparison of traditional BCFI to extended one with the K/T calculation—
Company B 
 
Figure 17 presents the level of deviation between the respondents’ technology rankings. 

 

 
 

Figure 17. The level of deviation between the respondents’ technology rankings—
Company B 

 
As the above bar charts shows, the level of deviation among respondents’ answers for 

most criteria is less than 1, which indicates that there are few differences among these 
answers. However, attributes 2.5, 3.3, 3.4, 4.2, 4.3, 4.4 and 4.5 do show a deviation 
among respondents’ answer of more than 1, which is far from an ideal situation. 

The following figure shows the level of deviation between the participants’ responses 
in terms of different type of technology for Company B. 
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Figure 18. Level of deviation for different types of technology—Company B 
 
As the bar charts shows, for some attributes the deviation among respondents’ an-

swers is higher for basic technology, while in other cases the deviation is higher in rela-
tions to spearhead technology. 

Figure 19 demonstrates the K/T ranking for Company B for different attributes. Ac-
cording to this bar chart, the company’s proportion of Basic technology is around 35%, 
Core technology is roughly 40% and Spearhead technology is around 25% for most 
attributes. 

 

 
 

Figure 19. Knowledge and Technology ranking—Company B 
 

PDA values for past and future competitive strategy for Company B are shown in 
Table 6. 

 
Table 6. SCA risk level 
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 prospector Analyzer Defender 

CFI Past 0.94 0.92 0.91 

Future 0.93 0.99 0.94 

BCFI Past 0.91 0.97 0.90 

Future 0.92 0.89 0.95 

SCFI Past 0.91 0.97 0.90 

Future 0.91 0.89 0.94 

BCFI TK Future 0.95 0.76 0.98 

 

 
The table shows that the company strategy is generally not sustainable, as there is a 

considerable difference between PDA values in the past and the future. For example, 
PDA values show the position of Analyser for Company B in terms of the BCFI calcula-
tion, whereas it shows the position of Defender for the future.  

Another important result is that including the K/T calculation does not change the 
company’s competitive position; in other words, Company B shows the position of de-
fender with or without the K/T calculation. 

In Table 7, the risk level of different strategies is shown according to MAPE, RMSE 
and MAD. 

 
Table 7. SCA risk level 

 
 

 MAPE RMSE MAD 

CFI Past 0.95 0.96 0.97 

Future 0.88 0.93 0.94 

BCFI Past 0.88 0.92 0.94 

Future 0.98 0.99 0.99 

SCFI Past 0.97 0.92 0.94 

Future 0.98 0.99 0.99 

BCFI TK Future 0.80 0.88 0.90 

 

 
The table shows that the risk level for different strategies is less than 10% in the ab-

sence of the K/T effect, which is an ideal condition, but including the K/T calculation 
increases the risk level for all of the errors criteria. 

4.4  Company C 

This company operates a sawmill. Unfortunately, there is only one respondent for 
this company, so some criteria such as CFI or the level of deviation between partici-
pants’ responses cannot be calculated. However, despite having only one respondent, 
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some useful results can still be obtained. The following sections present the results of 
the investigation of Company C.  

Figure 20 shows the matches between experience and expectation in terms of differ-
ent attributes for Company C. 
 

 
 
Figure 20. Expectation vs. Experience for Company C 
 

As the bar chart shows, the company plans to experience an improvement in the level 
of different attributes for the future. 

The next two figures show the results of BCFI and SCFI calculations for Company 
C. These two bar charts show that almost all the attributes are located in critical areas 
and the only attribute at the balanced level is 4.2. These charts also suggest that the 
company urgently needs to develop a new plan and try to create a balance among the 
different criteria. 
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Figure 21. Demonstration of Extreme Attributes for Company C—BCFI results 
 

 
 
Figure 22. Demonstration of Extreme Attributes for Company C—SCFI results 
 

Figure 23 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI measuring the importance of K/T (the column on the left hand side). 

 
 
Figure 23. Comparison of traditional BCFI to extended one with the K/T calculation—
Company C 

 
For Company C, including K/T in the BCFI calculation does not affect results at all. 

This could be the case because the company is investigated only according to one re-
spondent’s answers, and also because the respondent points to only one type of technol-
ogy for each criteria. The absence of multi-share technology prevents any effect on the 
BCFI calculation following the inclusion of K/T. 
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The following table shows the respondent’s answers for the share of different tech-
nology for each attribute: 

 
Table 8. Technology Average value for Company C 

 
Attribute Technology Average Value 

Basic %  Core %  Spearhead % 

1.1  100.00  0.00  0.00 

1.2  100.00  0.00  0.00 

1.3  100.00  0.00  0.00 

1.4  100.00  0.00  0.00 

1.5  100.00  0.00  0.00 

1.6  100.00  0.00  0.00 

       

2.1  0.00  100.00  0.00 

2.2  0.00  100.00  0.00 

2.3  0.00  100.00  0.00 

2.4  0.00  100.00  0.00 

2.5  0.00  100.00  0.00 

       

3.1  100.00  0.00  0.00 

3.2  0.00  100.00  0.00 

3.3  100.00  0.00  0.00 

3.4  100.00  0.00  0.00 

3.5  100.00  0.00  0.00 

       

4.1  100.00  0.00  0.00 

4.2  100.00  0.00  0.00 

4.3  100.00  0.00  0.00 

4.4  0.00  100.00  0.00 

4.5  0.00  100.00  0.00 

 

 
PDA values for past and future competitive strategy for Company C are shown in 

Table 9. 
 

Table 9. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
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 prospector Analyzer Defender 

BCFI Past 0.90 0.93 0.92 

Future 0.91 0.96 0.92 

SCFI Past 0.90 0.98 0.91 

Future 0.91 0.98 0.92 

BCFI TK Future 0.91 0.96 0.92 

 

 
According to the table above, the company strategy is sustainable because there are 

no significant differences between PDA values for the past and future in terms of BCFI 
and SCFI calculations. 

It should be emphasised here once again that the results of the BCFI calculation with 
and without K/T were the same for Company C, so the similarity between PDA values 
including K/T and PDA values according to traditional BCFI do not indicate anything 
specific and cannot guide us to any conclusion.  

In Table 10, the risk levels associated with different strategies are shown according to 
MAPE, RMSE and MAD. 

 
Table 10. SCA risk level 

 
 MAPE RMSE MAD 

BCFI Past 0.94 0.96 0.97 

Future 0.94 0.96 0.97 

SCFI Past 0.92 0.95 0.96 

Future 0.93 0.95 0.96 

BCFI TK Future 0.94 0.96 0.97 

 

 

4.5  Company D 

For this case company there are two respondents. In the following section, the results 
of the investigation of Company D are presented.  

Figure 24 shows the matches between experience and expectation in terms of differ-
ent attributes for Company D. 
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Figure 24. Expectation vs. Experience for Company D 
 

In the next three figures, the results of CFI calculations for Company D are shown. 
Similarities between these three charts show that almost all of Company D’s attributes 
are considered to be potentially critical, and all attributes must be taken into considera-
tion. 
 

 
 
Figure 25. Demonstration of Extreme Attributes for Company D—CFI results 
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Figure 26. Demonstration of Extreme Attributes for Company D—BCFI results 
 

 
 
Figure 27. Demonstration of Extreme Attributes for Company D—SCFI results 
 

Figure 28 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI measuring the importance of K/T (the column on the left hand side). 
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Figure 28. Comparison of traditional BCFI to extended one with the K/T calculation—
Company D 
 

A review of the above bar chart shows that including the K/T calculation in BCFI 
makes the critical position of different attributes stronger. In other words, if one criteria 
is located in an under-resourced criteria according to BCFI, including K/T results in an 
even lower value for that criteria, and vice versa for over-resourced criteria.  

Figure 29 shows the level of deviation between the respondents’ technology rank-
ings. In general, the deviations for attributes seem to be quite severe as all of the attrib-
utes’ values are over 1; this is far from an ideal condition, since a lower number means 
less difference among respondents’ answers. 
 

 
 
Figure 29. The level of deviation between the respondents’ technology rankings—
Company D 
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Figure 30 shows the level of deviation between the participants’ responses in terms 
of different types of technology. The bar chart shows a higher deviation for Spearhead 
technology between the respondents. 

 

 
 

 
Figure 30. Level of deviation for different types of technology—Company D 

 
The following figure demonstrates K/T ranking for Company D for different attrib-

utes. 
 

 
 

 
Figure 31. Knowledge and Technology ranking—Company D 

 
The bar graph above shows that the proportion of Core technologies seem to be at 

around 60%, while Basic technologies lie at roughly 20% and Spearhead technologies 
are at around 20% for most of the attributes. 

PDA values for past and future competitive strategy for Company D are shown in 
Table 11. 
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Table 11. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
 

 prospector Analyzer Defender 

CFI Past 0.89 0.91 0.89 

Future 0.91 0.91 0.88 

BCFI Past 0.89 0.95 0.88 

Future 0.89 0.99 0.89 

SCFI Past 0.88 0.97 0.86 

Future 0.89 0.96 0.89 

BCFI TK Future 0.88 0.99 0.89 

 

 
As the table shows, Company D’s strategy is generally sustainable because there are 

no differences between the company’s position in the future and the past. For example, 
considering BCFI, the company’s competitive position for both past and future strategy 
is that of an Analyser. Another important result is that including K/T in the BCFI calcu-
lation does not change the company’s competitive position, meaning that in both cases 
(with and without K/T) the company’s competitive position remains as Analyser. 

In Table 12, the risk levels of different strategies are shown according to MAPE, 
RMSE and MAD. 

 
Table 12. SCA risk level 

 
 MAPE RMSE MAD 

CFI Past 1.00 1.00 1.00 

Future 0.96 0.97 0.98 

BCFI Past 0.95 0.97 0.97 

Future 0.91 0.95 0.96 

SCFI Past 0.91 0.94 0.95 

Future 0.95 0.97 0.97 

BCFI TK Future 0.90 0.94 0.95 

 

 
According to table above, the risk of operation strategy for sustainable competitive 

advantages is usually less than 10%, which suggests a very good condition in terms of 
setting different strategies. Even the risk level calculated with CFI is 0, which consti-
tutes an ideal situation for setting a different strategy. 

4.6  Company E 

This company produces sporting goods. For this case company, three respondents are 
interviewed, and according to the results of WMT, the results obtained line up well with 
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the reality. In following sections, the results of the investigation of Company E are pre-
sented. 

Figure 32 demonstrates the comparison between the experiences and expectations of 
the respondents for Company E. As with the four other companies presented earlier, 
there are increases for different attributes in the future. 

 

 
 
 
Figure 32. Expectation vs. Experience for Company E 
 

Figure 33 shows the critical factor index in terms of CFI for the future. According to 
this bar chart, only four attributes are balanced resources (the green ones), while sixteen 
attributes are critical resources (over resources or under resources). 
 

 
 
Figure 33. Demonstration of Extreme Attributes for Company E—CFI results 
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The next two figures show critical attributes in terms of BCFI and SCFI for Compa-
ny E. In Figure 34, the bar chart shows that three attributes are over resources (yellow 
bars) and three attributes are under resources (red bars). Figure 35 shows critical attrib-
utes in terms of SCFI calculations. It shows that four attributes are over resources and 
six attributes are under resources.  

Matches between these three bar charts show that in Company E, attributes 3.5, 4.2 
and 4.5 are under resources in all bar charts, and attributes 3.1 and 3.3 are over re-
sources for all bar charts. 
 

 
 
Figure 34. Demonstration of Extreme Attributes for Company E—BCFI results 
 

 
 
Figure 35. Demonstration of Extreme Attributes for Company E—SCFI results 
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Figure 36 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI measuring the importance of K/T (the column on the left hand side) for 
Company E. 

 

 
 
Figure 36. Comparison of traditional BCFI to extended one with the K/T calculation— 
Company E 
 

As the bar charts shows, for Company E, including the K/T calculation does not 
guide BCFI results in a specific direction.  

Figure 37 demonstrates the K/T ranking for Company E for different attributes. This 
bar chart shows that the current competitive technologies (Core technology) seem to be 
around 40%, commonly used technologies (Basic technology) are around 40% and the 
technologies focused on the future (Spearhead technology) are at around 20% for most 
of the attributes. 
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Figure 37. Knowledge and Technology ranking—Company E 
 

PDA values for past and future competitive strategy for Company E are shown in Ta-
ble 13.  
 
Table 13. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
 

 prospector Analyzer Defender 

CFI Past 0.89 0.93 0.92 

Future 0.89 0.94 0.91 

BCFI Past 0.90 0.96 0.92 

Future 0.91 0.95 0.91 

SCFI Past 0.89 0.94 0.92 

Future 0.90 0.98 0.91 

BCFI TK Future 0.90 0.99 0.90 

 

 
 

As the table shows, Company E’s strategy is sustainable, since the numbers show the 
position of Analyser for past and future for all of the CFI calculations. Another im-
portant result that can be observed from the table is that including K/T calculation does 
not change the position of company in terms of different strategies, and the company 
remains an Analyser. 

Table 14 shows the risk level of different strategies for Company E according to 
MAPE, RMSE and MAD.  
 
Table 14. SCA risk level-company E 
 

 MAPE RMSE MAD 

CFI Past 0.90 0.94 0.95 

Future 0.88 0.93 0.94 

BCFI Past 0.87 0.92 0.93 

Future 0.88 0.93 0.94 

SCFI Past 0.90 0.94 0.95 

Future 0.84 0.90 0.92 

BCFI TK Future 0.83 0.90 0.92 

 

 
According to the table, considering MAD and RMSE criteria, the risk of operation 

strategy for sustainable competitive advantages is less than 10%. This is a very good 
condition, but the MAPE criteria nevertheless show major risks for all of the CFI calcu-
lations. 
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4.7  Company F 

Figure 38 shows the matching values between expectation and experience for Com-
pany F. As the bar chart shows, the average level of expectation and experience for 
Company E is most often more than 7. Another important result from bar charts is that 
there is not an increase in the level of all criteria for the future, while some criteria  even 
show decreases for the future. 
 

 
 
Figure 38. Expectation vs. Experience for Company F 
 

In the next three figures, the results of CFI calculations for Company F are presented. 
 

 
 
Figure 39. Demonstration of Extreme Attributes for Company F—CFI results 
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Figure 40. Demonstration of Extreme Attributes for Company F—BCFI results 
 

 
 
Figure 41. Demonstration of Extreme attributes for Company F—SCFI results 
 

Similarities between these three bar charts show that almost all of Company F’s re-
sources are considered to be critical. In fact, in each bar chart only a few attributes are 
located at a balanced level.  

Figure 42 compares the traditional BCFI (the column on the right hand side) with the 
extended BCFI measuring the importance of K/T (the column on the left hand side). 
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Figure 42. Comparison of Traditional BCFI to extended one with the K/T calculation—
Company F 
 

Figure 43 shows the level of deviation between the respondents’ technology rank-
ings. In general, the deviations for attributes seemed to be at a good level, as all of the 
attributes’ values are under 1.   
 

 
 
Figure 43. The level of deviation between the respondents’ technology rankings—
Company F 
 

Figure 44 shows the level of deviation between the participants’ responses in terms 
of different types of technology.  
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Figure 44. Level of deviation for different types of technology—Company F 
 

Figure 45 demonstrates K/T rankings for Company F for different attributes. This bar 
chart shows that the Core technologies seem to be at around 40%, Basic technologies 
are at around 25% and Spearhead technologies are at around 35% for most of the attrib-
utes.  
 

 
 
Figure 45. Knowledge and Technology Ranking—Company F 

 
PDA values for past and future competitive strategy for Company F are shown in Ta-

ble 15.  
 
Table 15. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
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 prospector Analyzer Defender 

CFI Past 0.93 0.93 0.92 

Future 0.96 0.83 0.93 

BCFI Past 0.88 0.98 0.89 

Future 0.93 0.94 0.94 

SCFI Past 0.88 0.97 0.89 

Future 0.93 0.95 0.94 

BCFI TK Future 0.91 0.97 0.91 

 

 
An analysis of the values presented in the tables shows that the position of Company 

F is mainly that of an Analyser. However, as there is a significant difference between 
company strategy in the past and future, the strategy of Company F is not especially 
sustainable.  

Table 16 shows the risk level of different strategies for company F according to 
MAPE, RMSE and MAD.  
 
Table 16. SCA risk level-company F 
 

 MAPE RMSE MAD 

CFI Past 0.98 0.99 0.99 

Future 0.83 0.90 0.91 

BCFI Past 0.91 0.94 0.95 

Future 0.97 0.98 0.98 

SCFI Past 0.92 0.95 0.96 

Future 0.97 0.98 0.99 

BCFI TK Future 0.94 0.96 0.97 

 

 
As the table above shows, the risk level of different strategies for Company F is al-

most less than 10%, which is considered to be a very good state of affairs.  

4.8  Company G 

Figure 46 shows the matching values between expectation and experience for Com-
pany G. Similarities between expectations and experiences show that for most criteria, 
there are improvements in the level of attributes for the future.  
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Figure 46. Expectation vs. Experience for Company G 
 

The following three figures show the results of CFI calculations according to CFI, 
BCFI and SCFI. 
 

 
 
Figure 47. Demonstration of Extreme Attributes for Company G—CFI results 
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Figure 48. Demonstration of Extreme Attributes for Company G—BCFI results 
 

 
 
Figure 49. Demonstration of Extreme Attributes for Company G—SCFI results 
 

Matches between these three bar charts show that attributes 3.3 and 4.3 are over re-
sources and attributes 2.2, 2.5, 3.2 and 4.2 are under resources.  

Figure 50 shows the level of deviation between the respondents’ technology rank-
ings. As the bar chart shows, the deviation between the respondents’ technology rank-
ings is more than 1 for most of the criteria, thus suggesting that there is a significant 
difference in the different respondents’ answers in terms of technology. 
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Figure 50. The level of deviation between the respondents’ technology rankings—
Company G 
 

Figure 51 shows the percentage of different technologies for all the attributes. The 
bar chart shows the share of Core technology is around 70%, while the share of Basic 
technology and Spearhead technology is roughly 10% and 15%, respectively, for most 
of the attributes. 
 

 
 
Figure 51. Knowledge and Technology ranking—Company G 
 

PDA values for past and future competitive strategy for Company G are shown in 
Table 17. 

 
Table 17. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
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 prospector Analyzer Defender 

CFI Past 0.92 0.91 0.94 

Future 0.88 0.99 0.88 

BCFI Past 0.92 0.95 0.94 

Future 0.89 0.97 0.88 

SCFI Past 0.92 0.94 0.94 

Future 0.89 0.97 0.88 

BCFI TK Future 0.87 0.94 0.87 

 

 
The values in this table show the position of Analyser for Company G for most of the 

CFI calculations in both the past and the future. The position of Company G as an Ana-
lyser does not change with the inclusion of the K/T  calculation.  

Table 18 shows the risk level of different strategies for Company G according to 
MAPE, RMSE and MAD. 
 
Table 18. SCA values (CFI, BCFI, SCFI, BCFI T/K) 
 

 MAPE RMSE MAD 

CFI Past 0.90 0.94 0.95 

Future 0.76 0.85 0.89 

BCFI Past 0.88 0.92 0.94 

Future 0.79 0.87 0.90 

SCFI Past 0.89 0.92 0.94 

Future 0.79 0.87 0.90 

BCFI TK Future 0.81 0.88 0.91 

 

 
Considering the above table, the risk of different strategies according to some calcu-

lations is more than 20%, but most of the results show that the strategic risk is less than 
10%. Another important conclusion for this case company is that including the K/T cal-
culation generally increases the risk level of strategies. 

 



50 
 

 

5 Weak Market Test (WMT): 

In order to understand how the calculated results line up with reality, the weak mar-
ket test (WMT) is conducted by interview managers from each company. This new in-
terview is conducted by phone or in a face-to-face meeting. 
 
Table 19. The results of the WMT 
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Company 

Name: 

Main Activity/ 

Industry 
Informants 

Interview by: 

phone/Meeting 

WMT results with all the 

results of MSI, DEA, S&R, 

SCA 

1 B 
Electronics and 

software 
Manager Meeting 

No contradiction with the 

situation in the operative 

level 

Uncertainty and Challenge 

with the General strategy and 

ownership 

2 C Sawmill 

Manager and two 

persons from 

management 

group 

Meeting 

As expected, very exact 

result and something new. 

Verifies the roots of decision 

making capabilities. 

3 E 
Manufacturing of 

sports goods 
Manager Phone 

Extremely good, fit of the 

findings within Operations 

strategy and sustainable 

competitive advantage 

4 F 
Mechanical wood 

products 
Manager Meeting Accepted 

5 
G 

 

Automation for 

Mechanical wood 

industry 

Civil engineering 

Managers Phone 

As expected, OP 

management too dependent 

on Manager. Justifies their 

pre -understanding in a 

useful manner 

   
 

Unfortunately, we could not interview the managers from Companies A and D in this 
step, so the results of WMT are not available in these cases. 
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6 Discussion 

In this report, seven case companies from the Oulu South region of Finland are in-
vestigated to answer two central research questions: 

           The first question seeks to identify the effect of the K/T factor on SCA risk 
levels. The investigation of these seven case companies shows that including the K/T 
factor generally does not decrease the SCA risk level. In fact, including the K/T calcula-
tion slightly increases the risk level in cases C and G, although not to a significant de-
gree. In only one case (E), the SCA risk level remains almost unchanged after adding 
the K/T factor, while for the rest of cases, (A,B, D and F) the risk level increased after 
calculating K/T factors.  

          The second question focuses on the evaluation of CFI calculations, SCA levels 
and K/T factors. To answer this question, one case company (E) that demonstrates a 
good condition according to the WMT (and whose calculation results line up well with 
the reality), is investigated in detail. Through this investigation, the following results are 
obtained: first, case E shows that including K/T in the BCFI calculation generally does 
not guide specific attributes in a more or less critical direction. In other words, for some 
attributes, BCFI K/T shows more critical position compared to BCFI, while the opposite 
is true for others. Second, the strategy of case E is sustainable. In other words, there is 
no significant difference between the results of the SCA level in past and future, and all 
of the SCA levels show the position of Analyser for Company E in both the past and the 
future. This result can be very useful for managers and show that if the company wants 
to obtain the position of Prospector in the future and lead the market, they should invest 
in the resources that are related to quality. Otherwise, even in the best case, they can 
only maintain their current position into the future. 
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7 Conclusion 

The study of sustainable competitive advantage is essential—it uses the S&R meth-
odology to finding critical factors in experiences and expectations. The study presents a 
methodology that evaluates the effect of K/T on SCA risk levels by taking resource al-
location into consideration. Moreover, this methodology ensures that the various re-
sources of an organisation are operating in accordance with a common strategy. The 
value of the methodology is in its ability to make the structure of the organisations and 
strategies transparent for developing future actions. The general findings of the devel-
opment work are linked to the central importance of information technology for the tar-
get organisation, and transformational leadership for proactive preparedness. 

          In summary, the results of the weak market test for five companies show that, 
in general, this model is applicable in the real business world and the outcomes are not 
distant from managers’ expectations. However, in order to validate and test a formula 
for strategic decision-making processes, more studies and investigations are necessary, 
as this model is still in its initial stages.  
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8 Index System of SMEs’ Performance Evaluation  

 
The SMEs’ performance can be evaluated according to three dimensions: dynamic 

capability, technological innovation capability (ETIC) and enterprise competitiveness.  
Dynamic capability is mainly set for enterprise flexibility evaluation in resources and 

decisions. It is mainly measured by the performance in adaptive processes of enterprises 
facing environmental changes. Dynamic capability is an important aspect of the com-
prehensive performance of enterprises. At present, the rapidly changing global business 
environment has set more demanding requirements in terms of environment adaptabil-
ity, rapid response capability and risk decision-making capacity among enterprises, es-
pecially SMEs. Compared with large enterprises, SMEs have the characteristics of 
smaller size, simple organisational structure, fewer available resources and so on. These 
characteristics result in their weaker risk resistance capacity and greater organisational 
flexibility. Therefore, in the face of the environmental changes, avoiding risk and adapt-
ing to the environment through rapid strategic realignment is the optimal choice for 
SMEs. In addition, dynamic capability has become a decisive factor in the survival and 
development of SMEs. 

Technological innovation capability (ETIC) is mainly set for enterprise performance 
evaluation in technological innovation and maintaining technological competitiveness. 
It is mainly measured by the performance of input-output efficiency in technological 
innovation and the technological innovation system. For modern enterprises, technolog-
ical innovation is undoubtedly a very important capability. Advanced technology is the 
source of profit and competitiveness for enterprises, while also being an important sup-
port that helps enterprises adapt to market changes. Along with the continuous renova-
tion of industrial technology, enterprises must continually adapt to the technical re-
quirements of the marketplace. For SMEs, technological innovation is all the more deci-
sive a factor for survival and development. In a state of affairs in which economies of 
scale cannot be achieved, the high technical added value and advanced production pro-
cess are the key factors for SMEs to preserve profit and reduce costs. 

Enterprise competitiveness is mainly set for the whole competitiveness of enterpris-
es, and is mainly measured by the performance of production and capital utilisation. 
Enterprise competitiveness is the ultimate expression of enterprises’ comprehensive 
performance, and is also a basic dimension of performance evaluation. The comprehen-
sive performance of enterprises in organisation, operation and production can be cap-
tured through enterprise competitiveness evaluation; as such, enterprise competitiveness 
evaluation is an essential part of SMEs’ performance evaluation.  
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9 DEA analysis results 

The DEA results, which are calculated with DEAP software, are shown in Table 2 as 
follows. 
 
Table 20. The results table of DEA 

Dimensions DMU         
scale 

efficiency

 

Dynamic 

capability 

C 1.000 1.000 1.000 0.000 - 0.000 0.000 - - 

D 0.160 1.000 0.160 0.300 - 0.000 4.000 - increase

E 0.800 1.000 0.800 0.000 - 0.000 0.000 - increase

F 0.229 1.000 0.229 0.213 - 0.000 6.000 - increase

G 0.343 1.000 0.343 0.071 - 0.000 6.000 - increase

 

Technological 

innovation 

capability 

(ETIC) 

C 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

D 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 increase

E 0.270 0.270 1.000 0.000 0.000 0.052 0.000 0.000 - 

F 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

G 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

enterprise 

competitiveness 

C 0.669 0.669 0.999 0.000 0.000 23.934 0.000 0.976 increase

D 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

E 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

F 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 - 

G 0.543 0.657 0.827 0.000 0.000 0.053 0.000 0.008 increase

 

0
1s
0 0 0s 0

2s  0
1s
 0

2s  0
3s 

 
(1) According to the DEA results, Company G shows DEA efficiency in the ETIC 

dimension, while in the dynamic capability dimension, the company shows pure tech-
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nical efficiency, and demonstrates DEA inefficiency in enterprise competitiveness. 
Therefore, the conclusions of this analysis can be expressed as follows: 

 In dynamic capability dimension, the pure technical efficiency of Company G 
is optimal, and the result of the scale efficiency evaluation is increasing re-
turns to scale. Company G need to input a great deal of resources in this di-
mension. 

 In the enterprise competitiveness dimension, Company G is DEA inefficient, 
and the result of the scale efficiency evaluation is increasing returns to scale. 
Company G also needs to input a great of resources in this dimension, and 
must adjust resource input structure while increasing the resource input. 
Company G then needs to readjust its operational and organisational struc-
ture, and carry out organisational restructuring and strategic remanufacturing. 

(2) According to the DEA results, Company C is DEA efficient in the ETIC and dy-
namic capability dimensions, but in the enterprise competitiveness dimension, Company 
C is DEA inefficient. The resulting conclusion can be summarised as follows: 

 In the enterprise competitiveness dimension, Company C is DEA inefficient, 
and the result of the scale efficiency evaluation is increasing returns to scale. 
Company C needs to input a great deal of resources in this dimension, and 
must also adjust its resource input structure while increasing the resource in-
put. Company C then needs to readjust its operational and organisational 
structure, and carry out organisational restructuring and strategic remanufac-
turing. In this dimension, Company C is a slightly better off then Company G, 
but it still has serious problems. 

(3) According to the DEA results, Company F is DEA efficient in the ETIC and en-
terprise competitiveness dimensions, while in the dynamic capability dimension, Com-
pany F is pure technical efficiency. 

 In the dynamic capability dimension, the pure technical efficiency of Compa-
ny F is optimal, and the result of scale efficiency evaluation is increasing re-
turns to scale. Company F needs to input a great deal of resources in this di-
mension. 

(4) According to the DEA results, Company D is DEA efficient in the enterprise 
competitiveness dimensions, but in the dynamic capability dimension it is pure technical 
efficiency. Based on Company D’s data, they did not have input in the ETIC dimension, 
so there are no results in terms of this dimension. 

 In the dynamic capability dimension, the pure technical efficiency of Compa-
ny D is optimal, and the result of scale efficiency evaluation is increasing re-
turns to scale. Company D needs to input a great deal of of resources in this 
dimension. 

(5) According to the DEA results, Company E is DEA efficient in the enterprise 
competitiveness dimension, but in the dynamic capability dimension, Company E is 
pure technical efficiency, while in the ETIC dimension, Company E is technical ineffi-
ciency and scale efficiency. The resulting conclusion can be summarised as follows: 

 In the dynamic capability dimension, the pure technical efficiency of Compa-
ny E is optimal, and the result of scale efficiency evaluation is increasing re-
turns to scale. Company E needs to input a great deal of resources in this di-
mension. 

 In the ETIC dimension, the pure scale efficiency of Company E is optimal, 
and thus does not need to increase or decrease its input in this dimension. 
However, it does need to adjust its resource input structure, readjust its opera-
tional and organisational structure, and carry out organizational restructuring 
and strategic remanufacturing in this dimension. 
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Table 21. Index System of SMEs’ Performance Evaluation 
 

Dimensions 

DEA Index System 

Index 

types 
DEA Indexes 

Dynamic capability 

Input 

The cost of adapting to the change of market 

response time of the change of market 

The time of market change perception 

The value of resources invested before the 

change of market 

Output 

The rate of sales change of product caused by the 

change of market 

The rate of qualified rate changes of product 

caused by the change of market 

The value of resources successfully transformed 

after the change of market 

The value of newly added resources after the 

change of market 

Technological innovation 

capability (ETIC) 

Input 

R&D funds inputs 

proportion of R&D staffs 

marketing expenditure of new product (per 

annum) 

The investment for Technology resources 

absorption(per annum) 

Output 
The rate of return of new product 

The sales revenue of new product 
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Appendix 
 
1. The models of CFI, BCFI and SCFI 

Name Model 
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Parameters: 

(exp )
Im tan  ;
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Average ectation
por ce index                                                                              

(exp ) - (exp )
 ;

10

Average erience Average ectation
Gap index                                                      

0.9 ( - ) 1 ;Development index better worse                                                                             

(exp )
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10

Average erience
Performance index                                                                                 

(exp )
(exp ) 1;

10

Std erience
SD erience                                                                                           

(exp )
(exp ) 1.

10

Std ectation
SD ectation             

 

2. Calculation of MSI factors: 

The equations to calculate normalised weights of core factors are as follows: 
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3. The analytical models to calculate the manufacturing strategy indexes of opera-

tional competitiveness in each group: 

The MSI model for prospector group: 

'1/3 ' ' '1/31- (1- )(1- 0.9 )(1-0.9 ) 8pMSI Q T C F  （） 

The MSI model for analyser group: 

1/3' ' ' '1- (1- ) (0.95 - 0.285)(0.95 - 0.285)(0.95 - 0.285) 9AMSI F Q T C  （ ） 

The MSI model for defender group: 

'1/3 ' ' '1/31- (1- )(1- 0.9 )(1- 0.9 ) 10DMSI C T Q F  （ ） 

 

4. Calculation of risk level: Models of MAPE, RMSE and MAD 

The equations to calculate risk level are as follows: 

 

Name Models 

MAPE 
1

1- ( - ) /  15
n

i i i
i

MAPE BS BR BS


  （ ） 

RMSE  
2

1

1- [ - / ] 16
n

i i i
i

RMSE BS BR BS


   （ ） 

MAD   1- max - / 17i i iMAD BS BR BR  （ ） 
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5. Knowledge and Technology Calculation  

 

 

 

(18)

 

 

 

(19)

   

 

 

(20)

 

 (21

) 

 

6. Criteria used in Questionnaire for the Sense and Respond method: 

 ATTRIBUTES  

 Knowledge & Technology Management   

1.1 Training and development of the company’s personnel ← Flexibility 

1.2 Innovativeness and performance of research and development ← Cost 

1.3 Communication between different departments and hierarchy levels ← Time 

1.4 Adaptation to knowledge and technology ← Flexibility 

1.5 Knowledge and technology diffusion ← Cost 

1.6 Design and planning of the processes and products ← Time 

 Processes & Work flows   

2.1 Short and prompt lead-times in order-fulfillment process ← Flexibility 

2.2 Reduction of unprofitable time in processes ← Cost 

2.3 On-time deliveries to customer ← Quality 

2.4 Control and optimisation of all types of inventories ← Quality 
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 ATTRIBUTES  

2.5 Adaptiveness of changes in demands and in order backlog ← Flexibility 

 Organizational systems   

3.1 Leadership and management systems of the company  ← Cost 

3.2 Quality control of products, processes and operations ← Quality 

3.3 Well defined responsibilities and tasks for each operation ← Flexibility 

3.4 Utilising different types of organising systems ← Flexibility 

3.5 Code of conduct and security of data and information ← Cost 

 Information systems   

4.1 Information systems support the business processes ← Time 

4.2 Visibility of information in information systems ← Time 

4.3 Availability of information in information systems ← Time 

4.4 Quality and reliability of information in information systems ← Quality 

4.5 Usability and functionality of information systems ← Quality 

 

7. Model of questionnaire for Sense and Respond method (Ranta and Takala, 2007) 

Performance 
attribute 

Scale: 1=low, 10=high Compared with com-
petitors 

Direction of develop-
ment 

Expectation 
(1-1) 

Experience 
(1-10) 

worse same better worse same better 

Performance 1         
Performance 2         

Format of the questionnaire (adapted from Ranta and Takala, 2007). 
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