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Abstract: 

Chinese SMEs have played an important role in stimulating economic growth, 

increasing employment, expanding exports and promoting science and technology 

innovations. Further development of the Chinese, as well as of all modern economies 

is dependent on the speed and effectiveness of the implementation of ICT based 

solutions by businesses. While large companies have been quick to adopt ICT 

solutions and technologies, small and medium-sized enterprises (SMEs) have had 

more serious problems with the requirements and challenges of e-business.  

 

A number of ICT, e-commerce adoption methodologies have been suggested, 

however, their focus has been mainly on developed countries. There are only few 

studies that shed some light on prescribing strategies of ICT adoption for SMEs in 

developing countries. Furthermore, despite the enormous attention given to encourage 

SMEs to adopt ICT there has been little systematic research into the factors 

influencing, enabling and inhibiting the adoption of ICT within SMEs. 

 

In this article, author developed a model of ICT adoption of Chinese SMEs, founded 

on premises that the adoption and the use of ICT represent the fundamental source of 

competitiveness and the basis for firms’ survival in the world market. By applying the 

Qualitative-Comparative Analysis (QCA) method and Boolean algebra, author 

proposed a model of necessary and sufficient factors for ICT adoption by SMEs in 

China. 

 

 

Keywords: adoption models, Boolean algebra, SMEs, case studies, ICT, qualitative 

comparative analysis (QCA).  
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1 INTRODUCTION 

Over the last decade the business world has changed so rapidly, that one can no longer 

imagine managing in a steady state. In no other domain has this observation been 

more relevant than in the field of information communication technology (ICT), which 

has become a major catalyst and enabler for organisational change. Thus, emerging 

small and medium-sized enterprises (SMEs) find themselves in an environment of 

constant technological change and the need to adopt those changes in their businesses 

as well as supporting IC technologies. Because these changes may become a 

significant threat when ignored by the company, but they may as well become 

valuable opportunities when anticipated and where appropriately adopted. How they 

respond to this challenge and how they adopt IC technologies in Chinese SMEs is the 

question that we will try to answer in this paper.  

 

To answer that question the author develops an adoption model of ICT by applying the 

Qualitative Comparative Analysis (QCA) and its formal language - Boolean algebra. 

QCA is a relatively new method for providing causal explanations in the IT 

management area. QCA is essentially case-oriented comparative research that 

provides a systematic, holistic analysis of a moderate number of cases. The method is 

designed to draw causal inferences from comparing configurations of the selected 

causal variables across cases included in analysis. QCA holistically compares these 

configurations to discover necessary and sufficient conditions for the emergence of an 

outcome. 

 

2 CONCEPTUAL FRAMEWORKS 

Chinese SMEs have played an important role in stimulating economic growth, 

increasing employment, expanding exports and promoting science and technology 

innovations. In 2005 there were more than 10 million SMEs registered in the Industry 

and Commerce Department, accounting for 99 per cent of all registered corporations. 

(UN Economic and Social Commission for Asia and Pacific; 2006) 

 

Further development of the Chinese as well as of all modern economies is dependent 

on the speed and effectiveness of the implementation of ICT based solutions in 

businesses. While large companies have been quick to adopt ICT solutions and 

technologies, small and medium-sized enterprises (SMEs) have had more serious 

problems with the requirements and challenges of e-business. In the literature there 

have been discussions on the topic but mainly from the big businesses points of view. 

Furthermore studies which were concerned how SMEs are coping with IT/ICT 
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challenges were based on developed economies. However, none addressed it in 

developing in particular China’s case. 

 

There is replete of literature available on the adoption of information technology in 

small business. Current knowledge in these areas of literature which looked into the 

necessary and sufficient factors leading to adoption of IS/IT by SMEs formed the 

basis for the empirical component of this study. Table 1 highlights the findings from 

some of these studies.  

 

Table 1: IT/ICT adoption models in literature 

Study Technologies/Applications 
explored 

Necessary  factors Sufficient   factors 
leading to adoption 

Kirby and 
Turner (1993) 

Inventory control, sales, 
purchasing, and others 

Perceived benefits 
CEO’s IT knowledge 
CEO’s attitude 
towards adoption of 
IT 

Perceived usefulness 
of the technology, 
external pressure to 
adopt IT 

Julien and 
Raymond 
(1994) 

Internet access and EDI 
and others 
 

The level of 
assertiveness, 
rationality and 
interaction of 
business decision 
processes, structural 
sophistication of the 
firm 

Rationalisation, 
benefits and uses of 
the technology to an 
organisation, 
centralisation and 
complexity 

Iacovou et al 
(1995) 

Sales, purchasing, 
personnel 
and payroll, CAD/CAM, 
EDI, 
MRP, and others 

Perceived benefits 
CEO’s IT knowledge 
CEO’s attitude 
towards adoption of 
IT 

Perceived ease of use 
and/or usefulness of 
the 
technology, 
organisational 
readiness/benefits 

Thong and Yap 
(1996) 
 

Accounting, Inventory 
control, 
sales, purchasing, 
personnel 
and payroll, CAD/CAM, 
EDI, 
MRP, and others 

Size, CEO’s 
innovativeness 
Employee’s IT 
knowledge 
Attitude towards IT 

Employee’s IT 
knowledge 
Information 
intensity 
 

Premkumar and 
Roberts (1999) 
 

Email, Online data access, 
Internet access and EDI 
 

Relative advantage 
Top management 
support 
Size, Competitive 
pressure 

Relative 
advantage 
 

Adapted from Rashid  Al-Qirim (2001, pp. 66-67); Van Akeren and Cavaye (2000). 

 

Many different factors have been identified in previous studies as impacting on IT/ICT 

adoption by small businesses, and all use differing models in determining factors of 

adoption. For this study the factors of adoption IT/ICT in SMEs have helped in 

identifying contexts that influence ICT adoption. These contexts can be categorised 
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into (a) technological, (b) organisational, (c) environmental, and (d) individual 

contexts.  

 

Based on Rashid and Al-Qirim (2001) we selected five technological (innovation) 

factors, together with five organisational factors which were selected for testing the 

framework. Poon and Swatman (1999) emphasised the importance of the individual 

characteristics of the manager such as education, age, experience, and psychological 

traits have been found to strongly influence innovation adoption. They found that 

manager’s innovativeness and IT knowledge has positive effect on IT adoption. The 

framework, therefore, includes manager’s innovativeness and IT knowledge factors 

grouped under the individual factors.  

 

The external environment should play a significant role in the adoption of new 

technologies process but was not included in many IT empirical studies. One study 

that has included them was research done by Premkumar and Roberts (1999) who 

found that competitive pressure was the only factor influencing IT adoption. However, 

they found external support to be insignificant. Following these considerations the 

framework includes four environmental factors for the study. 

 

Figure 1 A conceptual framework for IT/IC technology adoption by SMEs 

 

 

Techological 
factors 
• Relative 

advantage, 
• Complexity,  
• Compatitbility, 
• Costs, 
• Image 

Environmental 
factors 
• Competitive 

pressure, 
• Suppliers/buyer

s pressure, 
• Public policy, 
• Government’s 

roles 

Individual factors 
• Manager’s 

innovativeness, 
• Manager’s 

IS/IT/ICT 
knowledge 

Necessary Factors for 
IT/ICT Adoption 

Sufficient 
Factors for 

IT/ICT 
Adoption

Organisational 
factors 
• Size, 
• Quality of IS 

systems and 
capabilities, 

• Information 
intensity 

• Specialisation, 
• Top 

management 
support. 
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Adapted from Rashid and Al-Qirim (2001, p.68)  

 

Summing up, the four contexts along with their factors would depict the IT/ICT 

adoption framework shown in Figure 1. The framework portrays the various factors 

and their effect on the adoption decision for IT/ICT as the first level – necessary 

factors. Whether such relationships would lead to IT/ICT adoption is depicted as the 

second level of effects – sufficient factors. The proposed framework is expected to 

highlight the impact of the various contexts and their factors on IT/ICT adoption in 

SMEs. 

 

Therefore, based on the literature reviewed, we have selected factors for each contexts 

for testing the framework using the QCA (Ragin, C., 2000, Krivokapic-Skoko, 2002, 

2003). Those four contexts along with their factors should depict the IT/ICT adoption 

framework and their effect on the adoption decision for IT/ICT as necessary and 

sufficient factors.  

 

3 METHODOLOGICAL CONSIDERATIONS 

Qualitative Comparative Analysis (QCA) is a case-oriented approach to comparative 

research with an explicit goal to provide causal explanations. QCA is also a variable-

oriented approach since each case is transformed into a configuration of selected 

causal/independent and outcome/dependent variables. These causal configurations are 

first presented as nominal data with a yes/no or presence/absence dichotomy, and then 

holistically compared by using the principles of Boolean logic. As a result, QCA 

offers deterministic causal explanations for the presence/absence of some outcomes 

(Ragin 1987, 2000).  

 

The method builds on the strengths of the explanatory and interpretive research by 

primarily bringing complexity, intensity of in-depth investigation to a moderate 

number of cases, while maintaining rigour, replicable procedures and the use of formal 

logic. The dialogue between theory and evidence is well structured. Starting from 

theoretical arguments that determine the minimum set of case attributes, QCA 

proceeds indicatively by simplifying the complexity of the evidence in a systematic, 

stepwise manner. To apply QCA cases are transformed into the unique combinations 

of selected causal conditions and associated outcomes, and then compared and 

interpreted holistically focussing on their attributes. Thus, in applying QCA each case 

remains contextualised as a whole – meaningful, interpretable and specific 

configuration of causal conditions/attributes and outcome variables. The focus is 
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primarily on comparing and interpreting these unique configurations of attributes not 

cases per se. QCA appears to be of a substantial utility in research sites with 

contextual and multiple causal relations. The method assumes that causal variables are 

effective only when operated in conjunction with each other, and consequently the 

impact of each causal variable should be discussed only in a particular context 

(Krivokapic-Skoko 2003).  

 

The QCA is based on Boolean algebra. There are two conditions or states in Boolean 

logic, and these are generally referred as 1 which indicates presence, and 0 indicates 

absence. In Boolean logic (+) addition is equivalent to the logical operation ‘or’. In 

Boolean logic (x) multiplication is equivalent to the logical operator ‘and’, where a 

product is a specific combination of causal conditions. 

 

The method systematises and transforms empirical evidence into algebraic forms 

suitable for the data reduction process and represents the attributes of the cases into 

presence-absence dichotomies. These dichotomies are then included in a truth table - a 

raw data matrix which comprises causal conditions and outcomes across the cases - as 

a tool for data reduction while maintaining the integrity of each case. Each row in a 

truth table represents either a logically possible or an empirically observed 

configuration of attributes- causal and outcome conditions. The truth table is 

completed when all the cases and codes on the causal and outcome conditions are 

displayed using binary mathematical forms. This matrix of binary data is then 

subjected to a procedure of Boolean minimisation. The procedure involves comparing 

groups of the cases based on the presence/absence of the outcome conditions and the 

presence/absence of the selected causal conditions. These logical combinations, as 

represented in Boolean primitive equations, are compared with each other and then 

logically simplified.  The comparison ends up with a logically minimal Boolean 

expression as an output of the analysis. This provides logically minimal configurations 

or the most parsimonious description of the combinations of causal conditions that 

produce a given outcome.  

 

4 EMPIRICAL CONSIDERATIONS 

Structural characteristic of the Chinese economy highlighted the critical need for 

SMEs support and their further development; as well as the importance of adopting 

and using ICT. To assess the adoption process in Chinese SMEs we have developed 

semi-structured questionnaire and conducted face to face interviews with a number of 
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Chinese companies in the region of Jiangsu Province. Out of 125 questionnaires sent 

out and 25 interviews conducted we have selected 35 case studies for this research.  

Based on the content analysis and using the coding system (see Table A1) we have 

explained characteristics of Chinese SMEs (Table 2), which will be further analysed 

using QCA and Boolean algebra.  

 

Table 2. Characteristics of Chinese (randomly selected five cases) SMEs 

01 02 03 04 05 06 07 08 09 

1 1 4 4 - 2,4 1,5,2 1 1 

2 2 3 1 3 3,4 1,5,2 1 1 

3 1 2 1 3 3,4 1,5,2 2 1 

4 2 1 4 2 3,4 1,5,2 2 1 

5 2 3 4 1 1,2 1,5,2 - 1 

 

Based on the empirically based coding of the causal and outcome variables (Table A1) 

it can be concluded that analysed firms are small and medium in size (column 2), from 

different industrial sectors (column 3), which were adopting ICT (column 4) mainly 

under the impact of individualistic (three times factor four individualistic - 3x4), and 

technological (2x1) essential influencing factors. While organizational and 

environmental factors played no role in the process.   

 

In addition it is worth noting that one small firm and one medium firm have had high 

(RNB 90,000 ~A$15,000) investment costs (column 5), while one medium firm has 

had small to medium high investment costs i.e. from RNB 30,000 (~A$ 5,000) to 

RNB 90,000 (~A$15,000). The main form (column 6) of adopted ICT were 3,4 that is, 

installation of more than one computer (Intranet) connected to the Internet, as well 

designed home site (3x3,4) followed by (2, 4) one computer connected to Internet and 

designed Web site, while one firm has had one computer.   

 

The most significant hurdles for businesses adopting ICT were evenly spread amongst 

(column 7) 1,5,2, that is technical problems, infrastructural issues, (bad connections) 

limited human resources, as well as (5) problems linked to the current economic 

situation and lack of the legislative and governmental support. In addition several 

firms reported problems with business partners which have not installed any form of 

ICT resulting in the under usage of their own IC technologies.   

 

AGSE 2010

1007



 

In regard of benefits (column 8), one can conclude that an even number of firms 

reported that ICT investment were good and bad decisions. Finally, it is important to 

note that all firms reported optimistic attitudes towards future development of ICT and 

that all firms are planning to extend the use and further their investment in these 

technologies.  

 

From the above it can be concluded, that in those firms the ICT adoption depends on 

initiatives of managers/owners alone. 

 

These factors led to the introduction of computers connected to the Internet (column 

6), as well as to the designed Web presentation in most cases for marketing and 

promotional purposes. One small firm had one computer connected to the Internet. 

Two medium firms had installed both the Intranet and Internet, while one medium 

firm had only one computer connected to the Internet. However, although planed none 

of those firms have had e-commerce introduced, mainly because there were no legal 

and infrastructural foundations for it.   

 

Table 3. Boolean Truth Table of casual variables and outcomes  

SME Causal factors (variables) Outcomes 

 X1 X2 X3 X4 X5 X6 X7 Y1 Y2 Y3 Y4 Y5 
1 1 0 0 0 0 1 0 1 1 0 1 0 
2 1 0 0 0 0 1 0 1 1 1 1 0 
3 1 0 0 0 0 0 0 1 1 1 1 0 
4 1 0 0 0 0 1 0 1 1 1 1 0 
5 0 0 0 0 0 1 0 1 0 0 0 0 
 

Based on the QCA process of minimization (Table 3) and by applying Boolean logic 

in this section, for the randomly selected five (out of 35) Chinese SMEs case studies 

the results (the research questions, hypotheses which will be tested on the remaining 

30 cases later on) are presented as follow: 

 

Y1 = Y2 = Y4 = [X1 *(X2 *X3 *X4)] + [X1 *(x2 *x3 *x4)*(X6 + X5* x6)+ (x1*X6)] Eq. (1) 

 

Y3 = [X1 *(x2 *x3 *x4)* X6) + (X2 *X3 *X4)] + (x1 *X5 *X6)  Eq. (2) 

 

Y5 = [(X2 *X3 *X4) (x5*X6 + (X1 *x6)] + [X1* X6 *(x5 + x2* x3 * x4*  X5)] Eq. (3) 
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Firstly, Chinese SMEs are adopting IT/ICT in a form of computers (C/Y1) and 

connection to the Internet (CI/Y2). They also designed their home sites (HS/Y4) mainly 

by the influence of technological (X1) and to the certain extent factors of support by 

the government’s policy (X2,3,4), or (+) by the influence of technological factors (X1) 

together with individualistic factors (X6) and (*) in combination with organisational 

factors (X5) (equations Y1,2,4).  

 

As to the Intranet (NCI/Y3) form of IT/ICT, Chinese SMEs are adopting it with the 

influence of technological factors (X1). Together, (marked with a star *) with the 

absence of the government's support policy (x2 *x3 *x4), but with individualistic factors 

present (X6) (equation Y3); or (+) this form is adopted by the environmental factors (X2 

*X3 *X4) alone; or (+) by the individualistic factors, with an absent technological factor 

(x1 *X5 *X6). 

 

Finally, some form (basic online link between few suppliers and manufacturers) of the 

E-commerce is adopted by Chinese SMEs with the influence of environmental support 

policy factors (X2 *X3 *X4). Together with individualistic technological factors but 

with absence of organisational factors (x5*X6 + (X1 *x6) or (+) by the influence of 

technological and individualistic factors (X1* X6) and (*) absence of 

environmental/support factors (x2* x3 * x4 ) (equation Y5). 

 

From the equations above, we can conclude that adopting basic forms of IT/ICT are 

conducted under presence of technological and individualistic factors, that is, it is 

confirmed that for adopting IT/ICT in Chine there is no well development 

infrastructure and political support. That is process is left for individualists and their 

knowledge and IT skills to do it on their own. As to adopting other higher forms of 

IT/ICT it is introduced by the influence of technological factors with obvious absence 

of all other factors.  

 

Finally, with regard to the last step in the application of QCA process using remaining 

30 case studies, it is necessary to map Areas of Agreement between theoretical (first 

five randomly selected case studies) and empirical findings (remaining 30 case 

studies), which is presented in the Table 4.   

 

Table 4.  Map of Areas of Agreement  

Form of IT Theoretical  Empirically confirmed 
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influencing factors (T) influencing factors (R)

C(1)  TEH TEH 

 env - 

 org - 

 IND M 

CI (2), 

HS(4), 

NCI(3) 

TEH TEH 

 env - 

 org - 

 IND - 

 

 

After applying the QCA method rules and the logic of its formal language - Boolean 

algebra on the remaining 30 case studies and comparing the results with the first five 

cases, I have found that Chinese SMEs are adopting (Table 4) basic forms of IT/ICT 

under presence of technological and individualistic factors, that is, it is confirmed (the 

area of agreement) that for adopting IT/ICT in China there is no political support and 

that process is left for individualists and their knowledge and IT skills to do it on their 

own. As to adopting other higher forms of IT/ICT it is introduced by the influence of 

technological factors with obvious absence of all other factors.  

 

In addition the content analysis of the remaining 30 case studies highlighted additional 

concerns and issues in Chinese SMEs. Below I list some of the main issues gathered 

from the administered questionnaires and interviews; 

- Financing issues 

It is the most reported problem of SMEs in China. Some analysts said the most 

seriously thing is that SMEs cannot get the financing on the market. Most of SMEs get 

loans from government, from public finance agencies; however, these funds are 

limited 

.  

An interesting response was good illustration about the financial issues. When a SME 

wants to get loan, only 14% of funds requested they can get it from banks and credit 

cooperatives; 8% from private finance agencies, 24% inter-enterprises borrowings, 

and 54% money from other sources. 

- Strategy issues 
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After the SMEs survived, the speed of developing is very quick, but during this 

process their business strategy and aims are not so clear, some of them even have no 

strategy.  Since most the owners of SMEs are with no formal education in general 

business area and/or management. 

- Market related issues  

Another interesting note was that the ability to compete in the market depends on the 

owner’s personal ability, connections and social relationship. Although the enterprise 

has latest technology and other resource, most of the enterprise cannot go far because 

the market in majority cases is biased towards the big enterprises. So the SMEs have 

no chance to get the same opportunity and compete with the large scale enterprises. 

- HR issues  and the  lack of skilled labour force; 

With the developing of SMEs, the team who started the business cannot do all jobs 

required. However, they cannot attract talented workers they need for further 

development due to their inability to pay high salaries to the most suited persons for 

the job and to retain them. Once employees acquire skills most of them are inclined to 

leave for the better paid jobs in big companies.  

- Management issues 

Most of the SMEs belong to household type business enterprise. At the beginning 

when the enterprise has been established, they have the household business enterprise 

management style. However, when they attained larger scale, the household type 

business management style still stays the same; it has not been changed in most 

analysed cases, what was found to be the main obstacle to the further development. 

 

5 CONCLUDING REMARKS 

In this article, the author developed a model of sufficient and necessary factors for 

ICT adoption in Chinese SMEs. After applying the QCA method rules and the logic of 

its formal language - Boolean algebra on 35 case studies the author have found that 

Chinese SMEs are adopting basic forms of IT/ICT under presence of technological and 

individualistic factors, and that for adopting IT/ICT in China there is no political 

support and that process is left for individualists and their knowledge and IT skills to 

do it on their own. As to adopting other higher forms of IT/ICT it is introduced by the 

influence of technological factors with obvious absence of all other factors.  
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                           Table A1. Coding system used in the analysis of SMEs 
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                                  Adjusted from: Skoko ( 2003 p. 119). 
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