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ABSTRACT          
 
The research identifies factors influencing the adoption of computers, internet and farm accounting software 
at the glasshouse holdings of the  Belgian FADN. Hypotheses based on the innovation diffusion theory are 
tested using logit models. Data for the research are obtained from accounting data and personal interviews 
with 148 firm managers. The results indicate that the probability of computer adoption is significantly 
influenced by business size, importance of  ‘creativity and innovation’, education level and computer training 
of the firm manager and the partner. Adoption of internet is positively related to computer training of the firm 
manager, ‘creativity and innovation’, ’growth’, ‘stabilisation’ and negatively related to ‘intrinsic 
objectives’(being independent). The intention to adopt farm accounting software is positively related to a 
favourable attitude towards accountancy and ‘intrinsic objectives’.       
 
1. INTRODUCTION 

 
During EFITA ‘99 it became clear that adoption of ICT is and will be a critical 

success factor for agricultural production. One of the conclusions was that there are 
numerous, unsubstantiated, explanations for farmers’ slow ICT adoption rate and that more 
research at farm level is needed. The current paper tries to meet this demand and has the aim 
to detect the determinants of adoption of personal computers for management purposes, the 
uptake of internet technology and the intention of  future adoption of  farm accounting 
software at the glasshouse holdings belonging to the Belgian Farm Accounting Data Network 
(FADN).  
 
2. THEORETICAL FRAMEWORK AND HYPOTHESES  

 
The theory of diffusion of innovations (Rogers, 1995) offers a conceptual 

framework for analysing the adoption of ICT by glasshouse growers. According to this 
theory, besides external variables, personal characteristics of the firm manager and firm 
characteristics do have an impact on the adoption of innovations.  One can assume that earlier 
adopters are not different from later adopters in age (H.1), however they will have more years 
of formal education (H.2) and additional computer training will have a positive influence 
(H.3). Earlier adopters will make more use of information within their sector (peers, 
horticultural magazines, consultants,…) (H.4) and from other sectors (H.5). They will attach a 
higher value to expressive personal objectives (ambition, achievement, self develop-
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ment,…)(H.6), a lower value to intrinsic objectives (‘being independent’ or their ‘own 
boss’(H.7) and a higher value to instrumental personal objectives (‘status’) than later adopters 
(H.8). Earlier adopters do have larger (H.9) and more modern (H.10) units than later adopters. 
As both the sector of ornamental plants and the sector of vegetable production will have 
benefits from ICT adoption, one can assume that sector membership will have no influence 
(H.11). With respect to the business objectives one can assume that earlier adopters will 
attach a higher value to ‘creativity and innovation’ (H.12) and ‘growth’(H.13) and a lower 
value to ‘stabilisation’ (H.14). According to Rogers (1995) socio-economic status and 
innovativeness appear to go hand in hand. So, one can assume that earlier adopters will have a 
higher income than later adopters (H.15). Do innovators innovate because they have a higher 
income, or do they have a higher income because they innovate? The answer to this cause-
and-effect question can not be answered solely on the basis of available cross-sectional data. 
Consequently on the basis of cross-sectional data only the association between adoption of 
innovations and income can be analysed.    

 
3. DATA COLLECTION AND METHODOLOGY 
 

The data are obtained from a representative sample of 148 glasshouse holdings 
belonging to the Belgian FADN for at least five years. The sample consists of 89 holdings  
specialized in production of ornamental plants and 59 specialized vegetable producers. An  
advantage of this approach is the availability of indicators on financial performance over a 
longer time period, of indicators on firm structure and of information on biographical 
characteristics of the firm manager (Taragola N., 1999). Data on objectives, computer use and 
management were obtained from personal interviews performed during the first half of 1999 
using a pre-tested questionnaire. Respondents were asked to rate the importance they attach to 
several issues on five-point Likert-type scales. A first step in the analysis consisted of 
reducing the data on personal objectives, business objectives and information use into a 
limited number of principal components. As the decision to adopt ICT is typically a discrete 
choice problem, logit analysis is used to test the hypotheses.      
 
4. ADOPTION OF PERSONAL COMPUTERS FOR MANAGEMENT PURPOSES 
 

The results of the interviews reveal that 65 of the 148 glasshouse managers (43 
%) own a personal computer for management purposes, however only 60 of them (41 %) 
really make use of their PC. The most frequently used applications are word processing, 
spreadsheet and electronic data exchange with the bank and the auction. No respondents 
mentioned the use of special software for business or production planning (budgeting, cash 
flow projections, ...).  

The logit model on the left side of table 1 analyses  the adoption of personal 
computers. Overall, the goodness-of-fit measures indicate that the model fits the data well.   
The estimated model correctly classified 81,4 % of the respondents. The empirical data 
indicate that business size has a positive influence on adoption of personal computers in 
Belgian glasshouse horticulture. Personal characteristics of the firm manager, such as 
education level and more specifically, computer training do have a positive impact.  Also the 
importance attached to the objective ‘creativity and innovation’ has a predictive power in 
explaining the adoption of personal computers. As indicated by the theory of Rogers (1995) 
no significant effect of age was found. As computers and their intangible values are not as 
observable, no significant effect of instrumental objectives (or ‘status’) was found. At 121 
glasshouse holdings the partner is also working in the firm. At 48 of these holdings a personal 



 
 

3 

computer is used for management purposes. The results of the logit model on the right side of 
table 1 reveal that computer training of the partner also has a significant effect on adoption of 
computers. This finding is not surprising, since at these holdings more than one third of the 
total time needed for financial-administrative tasks can be allocated to the partner. A positive 
association among financial performance and adoption of computers was found.  
 
5. ADOPTION OF INTERNET 

 
Of the 60 computer users in our survey, 20 (or 33,3 %) had access to internet 

services. In table 2, on the left side, the estimated logit model, based on data of the 60 
computer users,  is presented. Overall, the goodness-of-fit measures indicate that the model 
fits the data well. The estimated model correctly classified 84,5 % of the respondents. The 
uptake of internet technology by computer adopters is positively influenced by the education 
level and especially by computer training of the firm manager during last five years. The 
importance attached to intrinsic objectives (‘being independent’) is found to have a negative 
influence on adoption of internet by PC users. The business objectives ‘creativity and 
innovation’, ‘growth’ and ‘stabilisation’ are found to have a positive influence on internet 
adoption. No significant differences in financial performance could be found among the 
adopters and nonadopters of internet technology.  
 
6. INTENTION TO ADOPT FARM ACCOUNTING SOFTWARE 

 
In order to meet the growing need for accurate and up-to-date information the 

C.L.E. started the development of a computerized information model integrating financial, 
technical and environmental data. The first stage consists of the data-entry phase, which 
includes the input and control of the data by the accountants of the C.L.E.. A further 
development could exist of the input of the data by the firm managers themselves.   

35 of the 60 computer users in our survey declare that they would adopt farm 
accounting software, if put at their disposal by the Centre of Agricultural Economics (for 
free!). Relative advantage, indicating the benefits and costs resulting from adoption of an 
innovation, is found to be one of the best predictors of an innovation’s rate of adoption. The 
most important benefit of adoption of farm accounting software is the quicker availability of 
the results for internal management. The most important cost in this case is the opportunity 
cost of the manager’s time. One can assume that earlier adopter had more training in 
accountancy during last five years than later adopters (H.16), and that they will have a more 
positive attitude towards accountancy than later adopters (H.17).  

On the right side of table 2 the estimated logit model, based on data of the 60 
computer users, is presented. Overall, the goodness-of-fit measures indicate that the model 
fits the data well. The estimated model correctly classified 81,7 % of the respondents.  
The results reveal that firm managers with a positive attitude towards accounting and a high 
value attached to intrinsic objectives  will have a higher probability to adopt farm accounting 
software. There is weak statistical evidence that larger businesses do have a lower probability 
to adopt farm accounting software. On larger businesses, time constraints and thus time 
opportunity costs are probably higher. Also the time requirement for accounting is greater 
(more transactions have to be booked). Another aspect is the obligation of fiscal accounting 
on glasshouse holdings of a certain size. This task is mainly sourced out to professional 
accounting offices because of the high complexity and the high financial importance. One can 
assume that certain firm managers (large businesses; less interested firm managers) will 
prefer to source out their management accounting.  Another important remark is that there 
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will be a gap between the intention to adopt farm accounting software and the real behaviour 
of adoption of farm accounting software. It can be expected that the number of glasshouse 
managers that really will adopt farm accounting software will be lower.  
 
7. CONCLUSION 
 

One can conclude that the innovation diffusion theory offers a suitable theoretical 
framework for analysis of the adoption of ICT. Personal characteristics of the firm manager as 
well as business characteristics are found to be important for adoption of ICT. The results 
indicate a trend in the adoption pattern of computers and internet technology towards larger 
businesses and well-educated, innovative and creative firm managers. At the glasshouse 
holdings where the partner is also working in the firm, computer training of the partner also 
has a significant effect on adoption of computers. A positive association among financial 
performance and adoption of computers was found; however no significant differences in 
financial performance could be found among PC users with and without adoption of internet 
technology.  

Adoption of farm accounting software is strongly influenced by personal 
characteristics of the firm manager. Important are the attitude towards accountancy and the 
importance attached to ‘intrinsic’ objectives. There is weak statistical evidence that larger 
businesses do have a lower probability to adopt farm accounting software. The time aspect of 
accounting and the obligation of fiscal accounting at the larger businesses can be an 
explanation. Because of the high complexity and the high financial consequences fiscal 
accounting is sourced out by the majority of the glasshouse growers.  

As the internet is becoming more and more important as a communication medium 
(e-mail), as a source of information (prices, weather reports, …) and as a vehicle for 
transactions (online banking, e-commerce, internet shopping,…) there is a likelihood that 
businesses working outside this system will loose competitiveness. According to Rogers 
(1995) the introduction of innovations tends to result in a wider socio-economic gap between 
the higher and lower socio-economic individuals in a social system. For example, one can 
expect that e-commerce will become more and more important in the near future; however 
only the glasshouse growers with ICT adoption can use this channel of commercialisation. 
Moreover, the system will only work efficiently if a certain number of growers is making use 
of it.  

In order to increase the competitive position of Belgian glasshouse production it 
will be important to stimulate computer use. As the empirical results suggest that computer 
training of the firm manager and the partner has a significant impact on adoption of ICT, one 
can suggest that stimulation of basic introductory educational programs targeted towards 
small businesses and less educated firm managers and more advanced programs towards the 
well-educated firm managers will be important.      
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TABLE 1. -  Logit estimates for computer adoption at the glasshouse holdings of the Belgian FADN (left : all holdings - right : selection of  holdings where 
the partner is working at  the holding) 

 
 

 
COMPUTER ADOPTION (all holdings; n = 148) 

 
COMPUTER ADOPTION (partner working at 
holding; n = 121) 

 
Variable 
 
Intercept 
PERSONAL CHARACTERISTICS FIRM MANAGER 
- AGE (dummy) 
       age 2 (36-50) 
       age 3 (>= 50 without successor) 
       age 4 (>= 50 with successor)                                                      
 - EDUCATION LEVEL (dummy) 
        education 2 
        education 3        
- COMPUTER TRAINING (dummy) 
- USE OF INFORMATION HORTICULTURE (factorscore) 
- USE OF EXTERNAL INFORMATION (factorscore) 
- PERSONAL OBJECTIVES  (factor scores)      
        expressive objectives                                                                 
        intrinsic objectives  
        instrumental objectives 
PERSONAL CHARACTERISTICS PARTNER 
- EDUCATION LEVEL  (dummy) 
        education  2 
        education 3 
- COMPUTER TRAINING (dummy) 
FIRM CHARACTERISTICS 
- ECONOMIC DIMENSION (S.G.M. ‘80' EURO) 
        economic dimension 2 (42.500-65.000)                                    
        economic dimension 3 (65.000-100.000) 
        economic dimension 4 (>= 100.000) 
- FIRM TYPE 
        type vegetables (dummy) 
- MODERNITY 
- BUSINESS OBJECTIVES (factor scores) 
        creativity and innovation 
        growth 
        stabilisation 
  
 
 
 
 

 
     Estimate                   Probability          Exp (β) 
     (standard error)             (p)  
      -1,92 (1,37)                 0,16                                
 
 
     -0,43 (0,90)                  0,64                0,65 
     -0,80 (0,63)                  0,20                0,45 
      0,99 (1,01)                  0,33                2,68     
     
      1,22 (0,67)                  0,07                3,40 
      2,18 (0,90)                  0,02               8,88                            
      2,40 (0,74)                  0,00              11,07 
      0,23 (0,26)                  0,39                1,26 
      0,24 (0,25)                  0,32                1,28 
     
      0,38 (0,28)                  0,04                1,46   
     -0,54 (0,30)                  0,07                0,58 
      0,02 (0,27)                  0,95                1,02 
 
 
 
 
          
 
     
     -0,60 (0,73)                 0,41                  0,55 
      0,50 (0,71)                 0,48                  1,65 
      1,52 (0,93)                 0,03                  4,58 
  
      0,05 (0,61)                 0,94                  1,05 
      0,00 (0,02)                 0,99                  1,00 
 
      1,28 (0,35)                 0,00                 3,61 
     -0,09 (0,30)                 0,77                 0,92 
     -0,31 (0,27)                 0,26                 0,74  
 
     -2LogLL = 114,22 ; χ² = 81,74 ; p = 0,00 
     Member prediction rate = 72,9 % 
     Non member prediction  rate = 87,21 % 
     Overall prediction rate = 81,4 %  
 

 
Estimate                    Probability          Exp (β) 
(standard error)              (p) 
 -3,90 (2,04)                0,06 
 
 
  0,27 (1,38)                 0,84                   1,31 
 -1,78 (0,94)                 0,22                   0,17 
  2,59 (1,33)                 0,35                  13,33 
 
  1,80 (0,96)                 0,06                    6,04 
  3,51 (1,35)                 0,01                  33,41  
  2,53 (1,05)                 0,02                  12,56 
  0,22 (0,35)                 0,53                    1,24 
  0,28 (0,31)                 0,36                    1,32 
 
  1,24 (0,47)                  0,01                  3,44 
 -1,60 (0,57)                 0,00                  0,20    
   0,36 (0,39)                 0,35                   1,44  
 
 
 -0,18 (1,18)                  0,88                  0,83 
  0,23 (1,13)                  0,84                   1,26 
  3,24 (1,62)                  0,05                 25,60 
 
 
-1,55 (0,98)                  0,11                   0,21 
 0,76 (0,99)                  0,44                    2,13 
 1,69 (1,35)                  0,21                    5,42  
  
-0,27 (0,84)                  0,75                     0,76  
 0,02 (0,03)                  0,58                     1,02  
 
 1,36  (0,46)                 0,00                    3,90   
-0,56 (0,44)                  0,20                     0,57 
-0,52 (0,34)                  0,13                     0,60  
           
- 2LogLL = 72,81 ; χ² = 86,95 ; p = 0,00 
Member prediction rate = 80,4 %           
Non member prediction rate = 89,2 %      
Overall prediction rate = 85,8 % 



 

TABLE 2. - Logit estimates for adoption of internet and farm accounting software at the glasshouse holdings of the Belgian FADN with a  personal computer 
  

 
 INTERNET (yes/no) 

(holdings with PC; n = 60) 
INTENTION TO ADOPT FARM ACCOUNTING 
SOFTWARE (yes/no) (holdings with PC ; n = 60) 

 
Variable 
 
 
Intercept 
PERSONAL CHARACTERISTICS FIRM MANAGER 
- AGE (dummy) 
       age 2 (36-50) 
       age 3 (>=50 without successor) 
       age 4 (>=50 with successor) 
- EDUCATION LEVEL (dummy) 
       education 2 
       education 3 
- COMPUTER TRAINING (dummy) 
- USE OF INFORMATION HORTICULTURE  (factorscore) 
- USE OF EXTERNAL INFORMATION (factorscore) 
- TRAINING IN ACCOUNTANCY (dummy) 
- PERSONAL OBJECTIVES  (factor scores)      
        expressive objectives 
        intrinsic objectives  
        instrumental objectives 
- ATTITUDE TOWARDS ACCOUNTANCY (dummy) 
 
FIRM CHARACTERISTICS 
- ECONOMIC DIMENSION (S.G.M.=80' EURO) 
        economic dimension  2 (42.500-65.000)        
        economic dimension  3 (65.000-100.000) 
        economic dimension  4 (>= 100.000) 
- MODERNITY 
- FIRM TYPE 
        type vegetables (dummy) 
- BUSINESS OBJECTIVES (factor scores) 
        creativity and innovation 
        growth 
        stabilisation 
 
 
 

 
     Estimate                   Probability          Exp (β) 
     (standard error)   
           (p)  
     -8,27 (3,70)                   0,03                                
 
 
    -1,42 (1,64) )                 0,39                0,24 
     0,04 (1,73)                    0,98                1,04 
     1,61 (2,03)                    0,43                5,01 
 
     2,97 (1,88)                    0,11              19,50  
     3,85 (2,07)                    0,06              47,13 
     4,01 (2,01)                    0,05              54,90   
     0,32 (0,35)                    0,45                1,29      
     0,34 (0,35)                    0,33                1,30 
 
 
     0,90 (0,74)                    0,22                2,47 
    -1,69 (0,74)                    0,02                0,18 
    -0,06 (0,61)                    0,61                0,92 
 
       
 
 
      0,07 (2,12)                   0,97                1,08 
      0,76 (2,01)                   0,70                2,14 
     -4,40 (2,98)                   0,92                0,01 
     -0,18 (1,74)                   0,44                0,85  
    
     -0,91 (1,40)                   0,51                0,40 
 
       2,61 (1,38)                  0,06              13,67 
       2,91 (1,41)                  0,04              18,35 
       3,15 (1,39)                  0,02              23,36  
 
     -2LogLL =37,26 ; χ5 = 36,10 ; p = 0,01 
 
     Member prediction rate = 79,0 % 
     Non member prediction  rate = 87,2 % 
     Overall prediction rate = 84,5 % 

 
     Estimate                   Probability          Exp (β) 
     (standard error)   
           (p)  
     -2,78 (2,68)                 0,30                                
 
 
      -1,38 (1,69)                 0,42               0,25 
       0,58 (1,31)                 0,66               1,78 
      -3,51 (2,25)                 0,12               0,02 
   
       1,59 (1,37)                 0,25               4,90 
       2,06 (1,54)                 0,18               7,86      
        0,51 (1,12)                0,65               1,66       
        0,40 (0,46)                0,38               1,50  
        0,45 (0,50)                0,37               1,56         
       -0,30 (4,13)                0,94               0,74 
       
       0,12 (0,61)                 0,84                1,13 
       1,42 (0,62)                 0,02                4,14   
       0,45 (0,46)                 0,32                1,57  
       3,27 (1,51)                 0,03               26,22   
 
 
 
      -0,50 (1,49)                  0,74                0,61 
      -2,07 (1,74)                  0,23                0,10 
      -3,84 (2,44)                  0,12                0,01 
       0,12 (0,05)                  0,24                1,14  
    
      -1,37 (1,33)                 0,58                 0,49 
 
      -0,49 (0,74)                  0,51                0,61 
       0,92 (0,67)                  0,17                2,50 
      -0,42 (0,48)                  0,39                0,66  
 
     -2LogLL =43,81 ; χ5 = 37,69 ; p = 0,01 
   
     Member prediction rate = 85,7 % 
     Non member prediction  rate = 76,0 % 
     Overall prediction rate = 81,7 %  



 

 


