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5 ANALYSIS AND FINDINGS 

 

5.1 Introduction  

 

According to Figure 4.4 we will first present the results of the global analysis (PLS and linear 

regression). Afterwards the results of the detailed analysis are treated: first Mann Whitney  

per year and power regression for H1 and H2 separately and then for H1 and H2 

simultaneously.  

5.2 Results global analysis 

 

The data of the Housing Corporations (HC) are available for IF 6 years (the period 2002-7) 

and for Maturity Factor (MF) 4 years (the period 2004-7). In total 196 cases over 6 years were 

price-indexed with 1,5% per year and normalized ((value-µ)/σ). The data of the Municipalities 

(M) are available for the period 2004-7. In total 55 cases over 4 years were price-indexed with 

1,5% per year and normalized. The data of the Hospitals (Hosp) are available for the period 

2006-8. In total 37 cases over 3 years were price-indexed with 1,5% per year and normalized. 

There are no application data available for Municipalities and Hospitals. That implies that the 

combined scale factor (proxy P2a) is determined with Workstations and FTE organization 

only. 

 

Comparison of total ICT costs of the different organizations  

 

The average (in these datasets) ICT cost per workstation per year are respectively 8400 € 

(HC), 5400 € (M) and 6000 € (Hosp). The average ICT costs per FTE organization per year 

are respectively 10300 € (HC), 6500 € (M) and 5400 € (Hosp). The average spending of total 

costs on ICT is 2,0% (HC), 2,0% (M) and 6,2% (Hosp). We consider all these organizations 

to have a “utility view” (Weill and Broadbent 1998) on ICT, with cost savings via economies 

of scale as their primary strategy. However, in the last decade Hospitals have raised their ICT 

expenses from 4% to 6% of total costs and these organizations are now entering the 

“dependant view” (Weill and Broadbent 1998) phase, as diagnosis and treatment of patients is 

nowadays impossible without ICT. The average ICT infrastructure cost per year are 

respectively 3900 € (HC), 3600 € (M) and 3000 € (Hosp). The average infrastructure factor 

for the whole dataset is 0,47 (HC), 0,55 (M) and 0,55 (Hosp). And the average percentile of 

ICT Human Resource costs (related to total ICT costs) for the whole dataset is 0,30 (HC), 

0,45 (M) and 0,23 (Hosp). The average number of workstations is 210 (HC), 1800 (M) and 

1600 (Hosp). The big difference in size of the organizations can possibly explain the 

difference in total ICT cost per workstation between HC (8400 €) and M/Hosp (5400 

respectively 6000 €), caused by economies of scale.   

 

Correlation analysis 

 

Table 5.1 shows an overview of the correlations between all variables for Housing 

Corporations, Municipalities and Hospitals. Firstly we see the high correlation values between 

the variables that are scale related (workstations, FTE organization, TIR (HW/SW), FTE 

Operations, ICT cost and Turnover). But more interesting are the correlations between 

Efficacy of ICT management policies (average Infrastructure Factor IF and Maturity Factor 
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MF) and the other variables (bold printed). In the case of Hospitals there is a relatively high 

(up to 0,65) positive correlation between IF and the scale related variables. This implies that 

the bigger the organization, the more is spent on infrastructure.  

In the case of Municipalities this type of correlation has a maximum (positive) value of 0,26. 

In the case of Housing Corporations this type of correlation has a minimum (negative) value 

of -0,28, so the bigger the organization, the less is spent on infrastructure. One of the reasons 

why big Hospitals spend more on infrastructure than small Hospitals could be the multi-

location character of these organizations. This often leads to more communications, storage 

and processing facilities than in the case of a single location. A second reason could be that 

big hospitals are the leaders in the transition from the “enabling view” to the “dependant 

view” (Weill and Broadbent 1998) which leads to additional expenses in ICT infrastructure.  

 

The correlations between MF and the scale related variables are moderately positive for all 

organization types. This implies that the bigger the organization, the higher the maturity 

factor. It is interesting to see that for Housing Corporations there is a relatively high positive 

correlation (0,51) between MF and Applications. This correlation is much higher than 

between Applications and the scale related variables (maximum 0,30). As explained in section 

1.4.3, Figure 1.3, the measurement of application availability and maturity ICT organization 

were both subjective. It could be possible that the additional positive correlation (0,51-0,30 as 

above explained) is in fact a measure of optimism of the persons in the organization that are 

responsible for the subjective answers on application and maturity questions.  
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Table 5.1 Correlations between all variables.  

Housing Corporations (196 organizations)           

  WS FTEorg Comb  TIR IF MF FTEOp ICTCost Turnover 

WS 1,00                 

FTEorg 0,96 1,00         

Comb  0,91 0,95 1,00        

TIR 0,87 0,85 0,87 1,00       

IF -0,18 -0,14 -0,11 -0,23 1,00      

MF 0,30 0,24 0,25 0,26 -0,06 1,00     

FTE Oper 0,91 0,89 0,88 0,82 -0,25 0,26 1,00    

ICTCost 0,91 0,88 0,90 0,97 -0,28 0,27 0,89 1,00   

Turnover 0,91 0,88 0,85 0,81 -0,23 0,25 0,82 0,84 1,00 

Applic 0,30 0,22 0,09 0,21 -0,21 0,51 0,26 0,23 0,22 

Municipalities (55 organizations)             

  WS FTEorg Comb  TIR IF MF FTEOp ICTCost Turnover 

WS 1,00                 

FTEorg 0,98 1,00         

Comb  0,98 0,98 1,00        

TIR 0,91 0,92 0,90 1,00       

IF 0,25 0,23 0,24 0,19 1,00      

MF 0,08 0,05 0,07 0,17 -0,15 1,00     

FTE Oper 0,85 0,87 0,87 0,84 0,17 0,03 1,00    

ICTCost 0,93 0,92 0,92 0,97 0,18 0,18 0,89 1,00   

Turnover 0,90 0,91 0,89 0,89 0,23 0,30 0,81 0,91 1,00 

Hospitals (37 organizations)               

  WS FTEorg Comb  TIR IF MF FTEOp ICTCost Turnover 

WS 1,00                 

FTEorg 0,94 1,00         

Comb  0,99 0,99 1,00        

TIR 0,91 0,89 0,91 1,00       

IF 0,53 0,49 0,52 0,59 1,00      

MF 0,24 0,11 0,17 0,32 0,11 1,00     

FTE Oper 0,81 0,77 0,80 0,72 0,25 0,18 1,00    

ICTCost 0,92 0,88 0,91 0,99 0,57 0,34 0,77 1,00   

Turnover 0,93 0,96 0,96 0,88 0,55 0,22 0,72 0,86 1,00 

 

 

5.2.1 Partial Least Squares 

 

The Structural Equation Model (SEM) in Figure 4.5 is calculated with Partial Least Squares 

(PLS) and the results are represented in Table 5.2. We see for every organization type 3 

dependant variables (FTE Operations, Total ICT cost and Turnover), and 5 independent 

variables:   

- 3 measures of the Scale of ICT assets: Workstations, Combination of workstations, FTE 

organization and Application availability (see section 4.3.2.) and TIR  

(Hardware/Software) cost. 

- 2 measures of the Efficacy of ICT management policies: average IF and MF 
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The numbers in Table 5.2 represent the regression coefficients; the absolute value expresses 

the strength of a relation and the sign expresses the direction. For example the first 3 rows in 

the first column show that workstations have the strongest relation to FTE Operations for HC. 

Therefore the number 0,64 is bold represented. The following combinations of dependant and 

independent variables have to be excluded and are grey shaded: 

- The relation between TIR and Total ICT cost: in the research model Figure 3.10 we 

showed that we will not analyze this combination, as TIR are a part of Total ICT cost. 

- The relation between TIR and Turnover: in the research model Figure 3.10 we showed 

that we will not analyze the influence of Hardware/Software cost on the Turnover. 

- The relation between MF and Turnover: in the research model Figure 3.10 we showed that 

we will not analyze the influence of the maturity of the ICT organization on the Turnover. 

 

 

Table 5.2 Partial Least Squares 
Housing corporations FTE Operations Total ICT Cost Turnover 

Workstations 0,64 0,17 0,76 
Combination 0,29 0,16 0,11 
TIR (HW/SW) -0,02 0,68 0,05 

Infrastructure factor IF -0,21 -0,08 -0,06 
Maturity factor MF -0,01 0,00 -0,03 

Municipalities FTE Operations Total ICT Cost Turnover 

Workstations 0,03 0,25 0,44 
Combination 0,52 0,05 0,19 
TIR (HW/SW) 0,35 0,70 0,28 

Infrastructure factor IF -0,32 -0,02 0,20 
Maturity factor MF -0,06 0,03 0,21 

Hospitals FTE Operations Total ICT Cost Turnover 

Workstations 1,05 0,27 -0,75 
Combination 0,16 -0,13 1,63 
TIR (HW/SW) -0,33 0,85 0,02 

Infrastructure factor IF -1,00 -0,13 0,37 
Maturity factor MF -0,03 0,02 0,12 

 

 

From Table 5.2 we can conclude that workstations are in the case of Housing Corporations 

the most important measurement of Scale ICT assets, which validates proxies P2 and P2a. 

The average IF is the most important ICT management criterion, which validates P3. We can 

see that 3 of the 4 values of ICT management policies have negative values in relation to ICT 

expenditure, which validates hypothesis H1 for 75%. The value of ICT management policies 

(IF) is negative in relation to Turnover, which validates H2 for 100%.  

Furthermore the absolute values of Workstations and average IF are higher in the FTE 

Operations column than in the ICT cost column, which validates proxy P1. 

 

From Table 5.2 we can conclude that workstations are in the case of Municipalities not  the 

most important measurement of Scale ICT assets, which invalidates proxy P2a. However, the 

combined scale has a higher value than TIR, which validates P2. The average IF is the most 

important ICT management criterion, which validates P3. We can see that 3 of the 4 values of 

ICT management policies have negative values in relation to ICT expenditure, which 

validates hypothesis H1 for 75%. The value of ICT management policies (IF) is positive in 

relation to Turnover, which validates H2 for 0%. 
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Furthermore the absolute values of the scale of ICT assets and average IF are higher in the 

FTE Operations column than in the ICT cost column, which validates proxy P1. 

 

From Table 5.2 we can conclude that workstations are in the case of Hospitals the most 

important measurement of Scale ICT assets, which validates proxies P2 and P2a. The average 

IF is the most important ICT management criterion, which validates P3. We can see that 3 of 

the 4 values of ICT management policies have negative values in relation to ICT expenditure, 

which validates hypothesis H1 for 75%. The value of ICT management policies (IF) is 

positive in relation to Turnover, which validates H2 for 0%. 

Furthermore the absolute values of Workstations and average IF are higher in the FTE 

Operations column than in the ICT cost column, which validates proxy P1. 

 

All values above are summarized in Table 5.6. For now we can conclude from this superficial 

global analysis that our findings substantially support our hypotheses, especially for Housing 

Corporations. 

 

5.2.2 Linear regression 

 

We now analyze more in detail what is the degree of validity of the hypotheses and proxies, 

using linear regression. In Table 5.3 the results of Housing Corporations are represented, in 

the form of “combinations” of 9 numbers, representing the values of a, b and R2 for “low”, 

“high” and “all” organizations. For example the first 3 rows and 3 columns represent the 

combination of Turnover and Workstations for Housing Corporations, sorted on IF (Average 

IF). There are in total 196 organizations, of which 33 “low IF” and 35 “high IF”. Hereby 

“low” means lower than average minus standard deviation after normalizing the data. “High” 

means higher than average plus standard deviation. Some “combinations” are not filled in, in 

accordance with Table 4.1, and are grey shaded. In total we have 2 combinations with 

Turnover as dependant variable, 4 combinations with Total ICT cost as dependant variable 

and 6 combinations with FTE Operations as dependant variable. The independent variables 

are Workstations (WS), the Combined value (Comb) or TIR.  For every combination the 

following results are represented in Table 5.3: 

- The number (N) of low and high values after sort of 196 cases according to the 

corresponding management criterion (IF or MF). The high values are higher than the 

average plus the standard deviation (>1 in the normalized values). The low values are 

lower than the average minus the standard deviation (< -1 in the normalized values).   

- The values a and b in the equation y = a + b.x with y = dependant variable and x = 

independent variable as a result of the linear regression. 

- The value of squared multiple R (R2) as a result of the linear regression. 

- If b(low)>b(all)>b(high) and R2(low)>0,7 and R2(all)>0,7 and R2(high)>0,7 then 

hypothesis H1 or H2 is validated (indicated in bold). 
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Table 5.3 Housing Corporations Linear Regression   

ICT assets var WS independant   Comb independant TIR independant   

Sort on  IF low high all low high all low high all 

  N 33 36 196 33 36 196 33 36 196 

Turnover a 0,03 -0,18 0,00 0,11 -0,27 0,00 xxx xxx xxx 

  b 1,06 0,63 0,91 0,96 0,54 0,85 xxx xxx xxx 

  R2 0,87 0,84 0,82 0,72 0,74 0,71 xxx xxx xxx 

Cost ICT a 0,16 -0,23 0,00 0,19 -0,33 0,00 xxx xxx xxx 

  b 0,90 0,69 0,91 0,92 0,60 0,90 xxx xxx xxx 

  R2 0,87 0,79 0,82 0,90 0,72 0,81 xxx xxx xxx 

FTE Oper a 0,14 -0,13 0,00 0,18 -0,24 0,00 0,18 -0,01 0,00 

  b 1,01 0,74 0,91 1,01 0,61 0,88 1,08 0,71 0,82 

  R2 0,88 0,86 0,83 0,89 0,70 0,77 0,78 0,51 0,67 

ICT assets var WS independant   Comb independant TIR independant   

Sort on MF  low high all low high all low high all 

  N 17 40 196 17 40 196 17 40 196 

Turnover a xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  b xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  R2 xxx xxx xxx xxx xxx xxx xxx xxx xxx 

Cost ICT a -0,09 -0,01 0,00 -0,02 0,02 0,00 xxx xxx xxx 

  b 0,67 0,82 0,91 0,56 0,78 0,90 xxx xxx xxx 

  R2 0,76 0,88 0,82 0,64 0,83 0,81 xxx xxx xxx 

FTE Oper a 0,00 -0,08 0,00 0,11 -0,03 0,00 0,05 -0,03 0,00 

  b 0,96 0,93 0,91 0,79 0,86 0,88 0,96 0,96 0,82 

  R2 0,85 0,86 0,83 0,70 0,78 0,77 0,56 0,65 0,67 

 

 

We can conclude that Turnover has in both cases bold values, which validates hypothesis H2 

for 100% (see Table 5.6 column HC – LR). Cost ICT and FTE Operations have bold values in 

3 of the 5 IF cases and in none of the 5 MF cases, which validates proxy P3 and validates 

hypothesis H1 in 30% of the cases. As none of the cases in the TIR column is bold, proxy P2 

is validated. However, as the WS column contains 2 bold cases and the Comb column 

contains 3 bold cases, P2a is not validated. P1 is validated, as there are 2 bold cases in the 

FTE Operations rows and only 1 bold case in the Cost ICT rows.  

 

In Table 5.4 the results of Municipalities are represented.  
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Table 5.4 Municipalities Linear Regression   

ICT assets var WS independant   Comb independant TIR independant   

Sort on IF   low high all low high all low high all 

  N 6 7 55 6 7 55 6 7 55 

Turnover a 0,171 -0,207 0,00 0,65 -0,215 0,00 xxx xxx xxx 

  b 1,23 0,802 0,903 1,919 0,874 0,886 xxx xxx xxx 

  R2 0,968 0,962 0,816 0,994 0,983 0,784 xxx xxx xxx 

Cost ICT a 0,416 -0,231 0,00 0,921 -0,24 0,00 xxx xxx xxx 

  b 1,391 0,842 0,93 2,123 0,917 0,915 xxx xxx xxx 

  R2 0,973 0,943 0,865 0,956 0,964 0,837 xxx xxx xxx 

FTE Oper a 0,574 -0,234 0,00 1,207 -0,24 0,00 0,001 -0,193 0,00 

  b 1,48 0,66 0,85 2,378 0,715 0,866 0,969 0,647 0,835 

  R2 0,849 0,956 0,722 0,924 0,967 0,75 0,669 0,976 0,698 

ICT assets var WS independant   Comb independant TIR independant   

Sort on MF  low high all low high all low high all 

  N 4 8 55 4 8 55 4 8 55 

Turnover a xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  b xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  R2 xxx xxx xxx xxx xxx xxx xxx xxx xxx 

Cost ICT a -0,259 0,159 0,00 -0,25 0,146 0,00 xxx xxx xxx 

  b 0,941 0,85 0,93 1,055 0,779 0,915 xxx xxx xxx 

  R2 0,983 0,928 0,865 0,867 0,89 0,837 xxx xxx xxx 

FTE Oper a -0,08 0,177 0,00 -0,038 0,113 0,00 0,783 0,139 0,00 

  b 1,034 0,564 0,85 1,236 0,601 0,866 1,716 0,551 0,835 

  R2 0,959 0,6 0,722 0,962 0,776 0,75 0,989 0,534 0,698 

 

 

We can now conclude that Turnover has in both 2 cases bold values, which validates 

hypothesis H2 for 100% (see Table 5.6 column M – LR). Cost ICT and FTE Operations have 

bold values in 4 of the 5 IF cases and in 3 of the 5 MF cases, which validates proxy P3 and 

validates hypothesis H1 for 70%. As none of the cases in the TIR column is bold, proxy P2 is 

validated. However, as the WS column contains 4 bold cases and the Comb column contains 

5 bold cases, P2a is not validated.  P1 is not validated, as there are only 3 bold cases in the 

FTE Operations rows and 4 bold cases in the Cost ICT rows. 

 

In Table 5.5 the results of Hospitals are represented.  
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Table 5.5 Hospitals Linear Regression   

ICT assets var WS independant   Comb independant TIR independant   

Sort on IF low high all low high all low high all 

  N 5 5 37 5 5 37 5 5 37 

Turnover a -0,245 -0,848 0,00 -0,187 -0,103 0,00 xxx xxx xxx 

  b 0,711 1,79 0,934 0,775 1,142 0,96 xxx xxx xxx 

  R2 0,814 0,917 0,873 0,855 0,918 0,921 xxx xxx xxx 

Cost ICT a -0,464 0,109 0,00 -0,412 0,408 0,00 xxx xxx xxx 

  b 0,688 0,748 0,921 0,741 0,487 0,914 xxx xxx xxx 

  R2 0,904 0,626 0,849 0,928 0,654 0,836 xxx xxx xxx 

FTE Oper a 0,003 -0,287 0,00 0,071 -0,13 0,00 0,401 -0,624 0,00 

  b 1,029 0,42 0,811 1,084 0,283 0,802 1,097 0,739 0,718 

  R2 0,961 0,255 0,659 0,941 0,285 0,643 0,533 0,648 0,515 

ICT assets var WS independant   Comb independant TIR independant   

Sort on MF  low high all low high all low high all 

  N 6 5 37 6 5 37 6 5 37 

Turnover a xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  b xxx xxx xxx xxx xxx xxx xxx xxx xxx 

  R2 xxx xxx xxx xxx xxx xxx xxx xxx xxx 

Cost ICT a -0,181 0,397 0,00 -0,289 0,484 0,00 xxx xxx xxx 

  b 0,785 0,748 0,921 0,815 0,794 0,914 xxx xxx xxx 

  R2 0,872 0,92 0,849 0,932 0,91 0,836 xxx xxx xxx 

FTE Oper a -0,015 0,199 0,00 -0,072 0,265 0,00 0,053 0,047 0,00 

  b 0,491 0,617 0,811 0,458 0,695 0,802 0,284 0,682 0,718 

  R2 0,539 0,586 0,659 0,466 0,653 0,643 0,139 0,522 0,515 

 

 

In the case of the Hospitals there is not any combination with bold values, as a representation 

of the criterion (b(low)>b(all)>b(high) and R2(low)>0,7 and R2(all)>0,7 and R2(high)>0,7). 

As N is only 5 or 6 for “low” or “high” we are very dependant on outliers and in the global 

analysis we did not remove outliers. 

In Table 5.6 column Hosp – LR all hypotheses and proxies validation values have the 

indication “n/a” (not available). 

 

5.2.3 Validity of hypotheses and proxies according to the global analyses  

 

In Table 5.6 the degree of validation of hypotheses and proxies according to Partial Least 

Squares (PLS) and Linear Regression (LR) is represented for Housing Corporations (HC),  

Municipalities (M) and Hospitals (Hosp). 
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Table 5.6 Degree of validity of hypotheses and proxies after global analysis 

  Type organization HC    M   Hosp   

Nr Hypothesis/proxy description  PLS LR PLS LR PLS LR 

H1 
Relation between ICT assets and ICT expenditure negative 
influenced by ICT policies 75% 30% 75% 70% 75% n/a 

P1 
ICT expenditure better estimated by FTE Operations than by 
total ICT costs yes yes no  no  yes n/a 

P2 
Scale of ICT assets better estimated by number of ICT assets 
than by TIR cost yes yes yes  yes  yes n/a 

P2a 
Better number measure by workstations than by combined 
scale factor yes no no  no  yes n/a 

P3 
Efficacy ICT management policies better estimated by IF than 
by MF yes yes  yes  yes  yes n/a 

H2 
Relation between ICT assets and Turnover negative influenced 
by (average) IF 100% 100% 0% 100% 0% n/a 

 

 

We can conclude that the LR analysis gives almost the same results as the PLS analysis. The 

only differences are the HC/PLS/P2a/yes value compared with the HC/LR/P2a/no value and 

the M/PLS/H2/0% value compared with the M/LR/H2/100% value.  

 

In summary the findings of the global analyses substantially support the hypotheses and 

proxies, especially for Housing Corporations. In chapter 6.3 we will demonstrate that the 

internal validity of the research depends highly on the number of organizations. Therefore the 

results of Housing Corporations (196 measurements) is more important than the result of 

Municipalities (55 measurements) or Hospitals (37 measurements).  

 

 

5.3 Results detailed analysis 

 

We will first perform the analyses for the hypotheses H1and H2 separately according to 

Figure 4.4. In Table 4.1 we can see that for the analyses of hypothesis H1 and proxies P1-P3 

there are 10 possible combinations for each of the three cases (Housing Corporations, 

Municipalities and Hospitals) indicated with “ICT”. These 10 combinations will be calculated 

for the absolute productivity and for the DEA productivity, so we will make 20 calculations 

for every available benchmark year. If in a certain benchmark year there are only IF data 

available, then we make 10 calculations. 

 

For the analyses of hypothesis H2 there are 2 combinations, indicated in Table 4.1 with “OP” 

(Organization Performance), thus in this case we make 2 calculations for every available 

benchmark year. 

 

After these separate detailed analyses we will perform the analyses for the hypotheses H1 and 

H2 simultaneously, according to Figure 4.4.  
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5.3.1 Housing Corporations detailed separate analyses 

 

First the results of the ICT performance (hypothesis H1 and proxies P1-P3) will be presented. 

Afterwards the results of the business performance (hypothesis H2). 

 

ICT performance  

 

The data of the Housing Corporations are available for IF 6 years (the period 2002-7) and for 

MF 4 years (the period 2004-7); according to Table 4.1 for hypothesis H1 and proxies P1-P3 

we will make 100 calculations (= (5 combinations of variables x 6 years IF x 2 ways 

productivity determination) + (5 combinations of variables x 4 years MF x 2 ways 

productivity determination)). For each of the 100 calculations the following steps were 

executed, as explained in the methodology section (section 4.4.2 step 2): 

a) Determination of the productivity (=output/input) of each combination on the basis of: 

Input: the measurement of the ICT expenditure construct. 

Output: the measurement of the ICT assets scale. 

b) For each year and for each ICT management policies criterion the organizations were 

sorted by their policies criterion scores. 

c) As a first step, the about 1/2 number of organizations with the highest policies scores 

was compared as a group with the about 1/2 number of organizations with the lowest 

policies scores as a group, with respect to the aspect of productivity (at least one 

organization in the middle was left out of the analysis). 

d) For the comparison of the productivities of the two groups, Mann Whitney was used 

(Mann and Whitney 1947) since ANOVA starts from a normal distribution and is 

therefore not always correct. Because Mann Whitney does not have this requirement, 

it was more suited for our research study. 

e) Given that Mann Whitney p (two sided) < 0,05, a statistically significant difference 

between the productivities in both groups was assumed. 

f) If no significant difference was found, a smaller number of organizations in both 

groups was tried; the smallest number was 4 (so then there were two groups of 4 

organizations).  

g) If necessary (to attain p-values < 0,05), an outlier was deleted in both groups. 

 

Table 5.7 represents the 100 results of the analyses for both absolute and DEA productivity. 

The 50 values of p<0,05 are printed in bold. The 7 values of p=0,05 are printed italic and 

underlined (to give the reader a quick impression where statistical significance was almost 

attained). 
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Table 5.7 Housing Corporations results of Mann Whitney analyses 

Organisations sorted on average infrastructure factor     

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output output output output 

  WS comb scale cost HW/SW WS comb scale 
cost 
HW/SW 

Input: ICT personnel operations          

2002 23 org 0,021 0,002 0,150 0,050 0,199 0,076 

2003 24 org 0,021 0,021 0,149 0,020 0,021 0,513 

2004 35 org 0,004 0,009 0,002 0,013 0,009 0,324 

2005 39 org 0,028 0,037 0,004 0,010 0,027 0,140 

2006 37 org 0,028 0,016 0,106 0,050 0,050 0,077 

2007 38 org 0,083 0,021 0,356 0,047 0,046 0,565 

Input: Total ICT cost             

2002 23 org 0,149 0,013 xxx 0,009 0,003 xxx 

2003 24 org 0,021 0,021 xxx 0,083 0,081 xxx 

2004 35 org 0,037 0,050 xxx 0,035 0,306 xxx 

2005 39 org 0,076 0,021 xxx 0,039 0,044 xxx 

2006 37 org 0,016 0,002 xxx 0,003 0,028 xxx 

2007 38 org 0,001 0,002 xxx 0,002 0,006 xxx 

Organisations sorted on maturity factor         

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output output output output 

  WS comb scale cost HW/SW WS comb scale 
cost 
HW/SW 

Input: ICT personnel operations          

2004 35 org 0,127 1,000 0,226 0,121 0,282 0,773 

2005 39 org 0,873 1,000 0,729 0,025 0,011 0,507 

2006 37 org 0,050 0,127 0,175 0,014 0,003 0,025 

2007 38 org 0,475 0,406 0,406 0,02 0,121 0,043 

Input: Total ICT cost             

2004 35 org 0,050 0,127 xxx 0,078 0,013 xxx 

2005 39 org 0,127 0,513 xxx 0,179 0,341 xxx 

2006 37 org 0,063 0,386 xxx 0,016 0,003 xxx 

2007 38 org 0,006 0,482 xxx 0,127 0,050 xxx 

 

 

Now we continue with step 3 of the methodology (section 4.4.2). To perform a regression 

analysis the following steps were executed for each allowable combination of scale 

measurement, policies criterion, and ICT expenditure construct (20 times (= (5 combinations 

of variables IF x 2 ways productivity determination) + (5 combinations of variables MF x 2 

ways productivity determination)), see Table 5.7): 

a) Two groups were formed, one of high efficacy policies organizations and one of low 

efficacy policies organizations, with statistically significant differences. These two 

groups were composed on the basis of the 50 significant results of Table 5.7. 

b) If for a year-scale-policies-expenditure combination there was no statistically 

significant difference between the high and the low efficacy policies organizations, 

these organizations were left out (50 not significant results of Table 5.7). 
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c) Power regression analysis was used to determine the values of a(high), a(low), b(high) 

and b(low) in the function y = a.xb with y = ICT expenditure and x = scale of ICT 

assets. 

 

Table 5.8 represents the results of these analyses for each of the 20 combinations of ICT 

assets scale measurement, policies criterion, and expenditure construct measurement (for both 

the absolute as the DEA productivity): 

- The periods of available data (2002-2007 and 2004-2007) and the number of 

organizations. For example, 0 – 0 - 0 - 7 means that only in the year 2007 there were 7 

organizations in the group with high MF, and 7 organizations with low MF (because 

the years 2004-2006 do not contribute). The value 0 - 0 - 0 - 0 means that there is no 

contribution of any year, so it is not possible to perform a regression analysis. 

- The indication ‘low’ or ‘high’ for the low or high efficacy policies group. 

- The value of b in the function y = a.xb (with y = ICT expenditure and x = scale of ICT 

assets) as a result of the regression analysis.  

- The value of the correlations (Rsq) in the regression analyses. 

- The percentile of years that contribute to the regression analysis. The resulting curves 

can be viewed in Appendix 3.   

- The curve validation value is dependent on the values of b(low) and b(high):  

If b(low)>1 and b(high)<1, then curve value = 1 (according to Figure 3), or else if 

b(low)>1 or b(high)<1, then curve value = 0,5, or else curve value=0 (if b(low)>1 and 

b(high)<1).  

If the ‘low’ curve and ‘high’ curve in Appendix 3 appear to be more or less the same 

(face validity), then curve value = 0. This is indicated in Appendix 3 and results in the 

indication “curve” and the number of the Figure in Appendix 3 in Table 5.8.  

- The resulting hypothesis H1 validation value is defined as the product of the average 

Rsq value, the “years” value, and the curve validation value.  

- n/a: no data were available to perform a regression analysis. 

- The highest validation values per efficacy criterion (in combination with the 

productivity measurement) are printed in bold.  
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Table 5.8 HC results of the regression analyses and resulting H1 validation 

Housing Corporations average IF as efficacy criterion - abs productivity 

2002-7 IF aver. b Rsq years curve result 

HIR operations - workstations low  1,02 0,91 0,83 0,50 0,38 

4 - 4 - 6 - 5 - 5 - 0 high  1,07 0,93      

HIR operations - combined scale low  1,50 0,82 1,00 0,50 0,37 

7 - 4 - 8 - 6 - 5 - 4 high  1,43 0,68      

HIR operations - TIR cost average low  1,01 0,89 0,33 0,00 0,00 

0 - 0 - 7 - 6 - 0 - 0 high  1,27 0,79   curve A3.3 

Total ICT cost - workstations low  1,00 0,93 0,67 1,00 0,60 

0 - 4 - 6 - 0 - 6 - 8 high  0,94 0,87      

Total ICT cost - combined scale low  1,20 0,74 0,83 0,50 0,31 

7 - 4 - 0 - 4 - 7 - 7 high  1,30 0,76       

Housing Corporations average IF as efficacy criterion - DEA productivity 

2002-7 IF aver. b Rsq years curve result 

HIR operations - workstations low  1,08 0,82 0,50 0,50 0,21 

0 - 4 - 11 - 15 - 0 - 0 high  1,11 0,88     

HIR operations - combined scale low  1,71 0,82 0,67 0,50 0,27 

0 - 4 - 10 - 13 - 0 - 3 high  1,85 0,79     

HIR operations - TIR cost average low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 - 0 - 0 - 0 high  n/a n/a      

Total ICT cost - workstations low  1,00 0,90 0,83 1,00 0,74 

7 - 0 - 13 - 14 - 16 - 7 high  0,88 0,87     

Total ICT cost - combined scale low  1,32 0,80 0,67 0,00 0,00 

7 - 0 - 0 - 17 - 15 - 8 high  1,63 0,81   curve A3.9 

Housing Corporations Maturity Factor as efficacy criterion - absolute productivity   

2004-7 MF b Rsq years curve result 

HIR operations - workstations low  n/a n/a n/a n/a 0,00 

0 - 0 - 0 - 0  high  n/a n/a      

HIR operations - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 - 0  high  n/a n/a      

HIR operations - TIR cost low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 - 0 high  n/a n/a      

Total ICT cost - workstations low  0,90 0,69 0,25 0,50 0,10 

0 - 0 - 0 - 7 high  0,89 0,96      

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 - 0  high  n/a n/a       

Housing Corporations Maturity Factor as efficacy criterion - DEA productivity   

2004-7 MF b Rsq years curve result 

HIR operations - workstations low  0,99 0,79 0,75 0,00 0,00 

0 - 7 - 6 - 4  high  1,25 0,8     

HIR operations - combined scale low  1,68 0,81 0,50 0,00 0,00 

0 - 8 - 8 - 0  high  1,9 0,92  curve A3.11 

HIR operations - TIR cost low  1,15 0,74 0,50 0,50 0,17 

0 - 0 - 7 - 12 high  1,09 0,62     

Total ICT cost - workstations low  1,06 0,88 0,25 0,50 0,11 

0 - 0 - 6 - 0 high  1,07 0,95     

Total ICT cost - combined scale low  1,32 0,65 0,50 0,00 0,00 

5 - 0 - 8 - 0  high  1,39 0,83   curve A3.14 
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The 20 entries in Table 5.8 have resulted in 14 Figures in Appendix 3; in 5 cases there were 

no results available (n/a); in 1 case b(low)<1 and b(high)>1, which results in a curve value = 

0. The 14 Figures were rejected in 4 cases (indication “curve” in Table 5.8), so eventually 

there are 12 situations left with resulting H1 validation value > 0.  

 

Business performance 

 

For hypothesis H2 the same calculations have been performed for the 2 possible combinations 

of measurements of constructs, for absolute and DEA productivity. The results are presented 

in Table 5.9. 

 

 

Table 5.9 HC Business productivity Mann Whitney analysis 

HC year Prod abs Prod abs DEA DEA 

input IF average IF average IF average IF average 

ICT assets WS Comb  WS Comb  

2002 23 org 0,149 0,083 0,021 0,275 

2003 24 org 0,150 0,050 0,078 0,047 

2004 35 org 0,046 0,127 0,016 0,025 

2005 39 org 0,021 0,002 0,020 0,057 

2006 37 org 0,016 0,003 0,121 0,487 

2007 38 org 0,009 0,050 0,005 0,009 

 

 

Table 5.10 represents the results of the regression analyses, according to step 3 of the 

methodology, for both the absolute as the DEA productivity. 

 

 

Table 5.10 HC results of the regression analyses and resulting H2 validation 

Housing Corporations - Infrastructure Factor - absolute productivity 

2002-7 IF b Rsq years curve result 

av. IF - Turnover - workstations low  1,05 0,95 0,67 1,00 0,63 

0 - 0 - 8 - 8 - 6 - 9  high  0,93 0,94     

av. IF - Sales - combined scale low  1,43 0,80 0,33 0,50 0,13 

0 - 0 - 0 - 8 - 7 - 0 high  1,38 0,83       

Housing Corporations - Infrastructure Factor - DEA productivity 

2002-7 IF b Rsq years curve result 

av. IF - Turnover - workstations low  1,04 0,95 0,67 0,50 0,31 

4 - 0 - 8 - 11 - 0 - 9 high  0,92 0,92     

av. IF - Turnover - combined scale low  1,53 0,81 0,50 0 0 

0 - 5 - 7 - 0 - 0 - 7 high  1,49 0,78    curve  A3.18 

 

 

The 4 entries in Table 5.10 have resulted in 4 Figures in Appendix 3. One of these Figures 

was rejected (indication “curve” in Table 5.10), so eventually there are 3 situations left with 

resulting H2 validation value > 0.  
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5.3.2 Municipalities detailed separate analyses 

 

First the results of the ICT performance (hypothesis H1 and proxies P1-P3) will be presented. 

Afterwards the results of the business performance (hypothesis H2). 

 

ICT performance 

 

The data of the Municipalities are available for IF 4 years (the period 2004-7) and for MF 3 

years (the period 2005-7); according to Table 4.1 we will make 70 calculations for hypothesis 

H1 and proxies P1-P3 (to determine absolute and DEA productivity). Table 5.11 shows the 70 

results of step 2 of the methodology. The 16 values of p < 0,05 are printed in bold. The 3 

values of p=0,05 are printed italic and underlined. 

 

 

Table 5.11 Municipalities results of Mann Whitney analyses 

Organisations sorted on average infrastructure factor     

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output cost output output output cost 

  WS comb scale HW/SW WS comb scale HW/SW 

Input: ICT personnel operations          

2004 13 org 0,021 0,029 0,127 0,021 0,021 0,352 

2005 15 org 0,109 0,564 0,564 0,420 0,420 0,827 

2006 13 org 0,028 0,076 0,083 0,026 0,013 0,131 

2007 14 org 0,117 0,465 0,050 0,028 0,028 0,009 

Input: Total ICT cost             

2004 13 org 0,127 0,021 xxx 0,127 0,275 xxx 

2005 15 org 0,749 0,773 xxx 0,173 0,121 xxx 

2006 13 org 0,047 0,117 xxx 0,047 0,047 xxx 

2007 14 org 0,028 1,000 xxx 0,121 0,268 xxx 

Organisations sorted on maturity factor         

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output cost output output output cost 

  WS comb scale HW/SW WS comb scale HW/SW 

Input: ICT personnel operations          

2005 15 org 1,000 1,000 0,200 0,275 0,827 0,275 

2006 13 org 1,000 0,827 0,050 0,047 1,000 0,050 

2007 14 org 0,513 1,000 0,513 0,376 0,376 0,149 

Input: Total ICT cost             

2005 15 org 1,000 1,000 xxx 0,275 0,513 xxx 

2006 13 org 1,000 1,000 xxx 0,083 1,000 xxx 

2007 14 org 0,050 0,412 xxx 0,117 0,275 xxx 

 

 

Table 5.12 represents the results of the regression analyses, according to step 3 of the 

methodology, for each of the 20 combinations of ICT assets scale measurement, policies 

criterion, and expenditure construct measurement (for both the absolute as the DEA 

productivity). 
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Table 5.12 M results of the regression analyses and resulting H1 validation 

Municipalities average Infrastructure Factor as quality criterion - absolute productivity 

2004-7 IF b Rsq years curve result 

HIR operations - workstations low  0,98 0,93 0,50 0,50 0,23 

4 - 0 - 5 - 0 high  0,96 0,88     

HIR operations - combined scale low  1,32 1,00 0,25 0,50 0,11 

4 - 0 - 0 - 0 high  1,05 0,82     

HIR operat. - cost TIR (HW/SW) low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 - 0 high  n/a n/a     

Total ICT cost - workstations low  0,84 0,94 0,50 0,50 0,24 

0 - 0 - 5 - 5 high  0,87 0,97     

Total ICT cost - combined scale low  0,77 0,67 0,25 0,00 0,00 

4 - 0 - 0 - 0 high  1,34 0,85   curve A3.22 

Municipalities average Infrastructure Factor as quality criterion - DEA productivity 

2004-7 IF b Rsq years curve result 

HIR operations - workstations low  1,00 0,77 0,75 0,50 0,29 

4 - 0 - 5 - 5 high  0,83 0,77     

HIR operations - combined scale low  1,94 0,75 0,75 0,50 0,29 

4 - 0 - 5 - 5 high  1,21 0,78     

HIR operat. - cost TIR (HW/SW) low  0,76 0,48 0,25 0,00 0,00 

0 - 0 - 0 - 5 high  1,25 0,74     

Total ICT cost - workstations low  0,91 0,88 0,25 0,50 0,11 

0 - 0 - 5 - 0 high  0,93 0,93     

Total ICT cost - combined scale low  2,03 0,91 0,25 0,00 0,00 

0 - 0 - 5 - 0 high  1,37 0,86   curve  A3.26 

Municipalities Maturity Factor as quality criterion - absolute productivity   

2005-7 MF b Rsq years curve result 

HIR operations - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operations - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operat. - cost TIR (HW/SW) low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a       

Municipalities Maturity Factor as quality criterion - DEA productivity 

2005-7 IF b Rsq years curve result 

HIR operations - workstations low  1,01 0,91 0,33 0,00 0,00 

0 - 5 - 0 high  0,91 0,90  curve A3.27 

HIR operations - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operat. - cost TIR (HW/SW) low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0  high  n/a n/a       
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The 20 entries in Table 5.12 have resulted in 9 Figures in Appendix 3; in 10 cases there were 

no results available (n/a); in 1 case b(low)<1 and b(high)>1, which results in a curve value = 

0. The 9 Figures were rejected in 3 cases (indication “curve” in Table 5.12), so eventually 

there are 6 situations left with resulting H1 validation value > 0.  

 

Business performance  

 

For hypothesis H2 the same calculations have been performed for the 2 possible combinations 

of measurements of constructs, for absolute and DEA productivity. The results are presented 

in Table 5.13. 

 

 

Table 5.13 Municipalities Business productivity Mann Whitney analysis 

M year Prod abs Prod abs DEA DEA 

input IF average IF average IF average IF average 

ICT assets WS Comb  WS Comb  

2004 13 org 0,050 0,275 0,139 0,321 

2005 15 org 0,773 0,564 0,245 0,107 

2006 13 org 0,149 0,083 0,827 1,000 

2007 14 org 0,827 1,000 0,147 0,245 

 

 

Table 5.14 represents the results of the regression analyses, according to step 3 of the 

methodology, for both the absolute as the DEA productivity. 

 

 

Table 5.14 M results of the regression analyses and resulting H2 validation 

Municipalities - Infrastructure Factor - absolute productivity 

2004-7 IF b Rsq years curve result 

av. IF - Turnover - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a     

av. IF - Turnover - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a       

Municipalities - Infrastructure Factor - DEA productivity 

2004-7 IF b Rsq years curve result 

av. IF - Turnover - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a     

av. IF - Turnover - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a       

 

 

The 4 entries in Table 5.14 have resulted in no Figure in Appendix 3.  
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5.3.3 Hospitals detailed separate analyses 

 

First the results of the ICT performance (hypothesis H1 and proxies P1-P3) will be presented. 

Afterwards the results of the business performance (hypothesis H2). 

 

ICT performance 

 

The data of the Hospitals are available for 3 years (the period 2006-8); according to Table 4.1 

we will make 60 calculations for hypothesis H1 and proxies P1-P3 (to determine absolute and 

DEA productivity). Table 5.15 shows the 60 results of step 2 of the methodology. The 9 

values of p < 0,05 are printed in bold. The 14 values of p=0,05 are printed italic and 

underlined. 

 

 

Table 5.15 Hospitals results of Mann Whitney analyses 

Organisations sorted on average infrastructure factor     

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output output output output 

  WS comb scale cost HW/SW WS comb scale 
cost 
HW/SW 

Input: ICT personnel operations          

2006 14 org 0,184 0,127 0,050 0,275 0,275 0,127 

2007 12 org 0,513 0,083 0,275 0,245 0,146 0,139 

2008 11 org 0,021 0,050 0,050 0,046 0,046 0,046 

Input: Total ICT cost             

2006 14 org 0,827 1,000 xxx 0,050 0,050 xxx 

2007 12 org 0,083 0,050 xxx 0,191 0,237 xxx 

2008 11 org 0,009 0,021 xxx 0,020 0,081 xxx 

Organisations sorted on maturity factor         

year Prod abs Prod abs Prod abs DEA DEA DEA 

input output output output output output output 

  WS comb scale cost HW/SW WS comb scale 
cost 
HW/SW 

Input: ICT personnel operations          

2006 14 org 0,050 0,050 0,275 0,050 0,046 0,275 

2007 12 org 0,127 1,000 0,021 1,000 1,000 0,139 

2008 11 org 0,050 0,127 0,050 0,050 0,050 0,050 

Input: Total ICT cost             

2006 14 org 0,275 0,275 xxx 1,000 1,000 xxx 

2007 12 org 0,275 1,000 xxx 1,000 1,000 xxx 

2008 11 org 1,000 1,000 xxx 1,000 1,000 xxx 

 

 

Table 5.16 represents the results of the regression analyses, according to step 3 of the 

methodology, for each of the 20 combinations of ICT assets scale measurement, ICT 

management policies criterion, and expenditure construct measurement (for both the absolute 

as the DEA productivity). 
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Table 5.16 Hosp results of regression analyses and resulting H1 validation 

Hospitals average Infrastructure Factor as quality criterion - absolute productivity 

2006-8 IF b Rsq years curve result 

HIR operations - workstations low  0,93 0,84 0,33 0,50 0,10 

0 - 0 - 4 high  0,99 0,34     

HIR operations - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operat. - cost TIR (HW/SW) low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - workstations low  0,98 0,98 0,33 0,50 0,13 

0 - 0 - 5 high  0,99 0,56     

Total ICT cost - combined scale low  0,92 0,96 0,33 0,50 0,14 

0 - 0 - 4 high  1,10 0,73       

Hospitals average Infrastructure Factor as quality criterion - DEA productivity 

2006-8 IF b Rsq years curve result 

HIR operations - workstations low  1,44 0,90 0,33 0,50 0,14 

0 - 0 - 3 high  2,31 0,82     

HIR operations - combined scale low  1,01 0,82 0,33 0,50 0,12 

0 - 0 - 3 high  1,62 0,69     

HIR operat. - cost TIR (HW/SW) low  1,07 0,74 0,33 0,50 0,14 

0 - 0 - 3 high  1,84 0,99     

Total ICT cost - workstations low  0,88 0,99 0,33 0,00 0,00 

0 - 0 - 4 high  1,60 0,84     

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a       

Hospitals Maturity Factor as quality criterion - absolute productivity   

2006-8 MF b Rsq years curve result 

HIR operations - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operations - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operat. - cost TIR (HW/SW) low  1,04 0,15 0,33 0,50 0,09 

0 - 4 - 0 high  1,69 0,98     

Total ICT cost - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a       

Hospitals Maturity Factor as quality criterion - DEA productivity 

2006-8 IF b Rsq years curve result 

HIR operations - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

HIR operations - combined scale low  0,73 0,59 0,33 0,50 0,10 

3 - 0 - 0 high  0,95 0,59     

HIR operat. - cost TIR (HW/SW) low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0 high  n/a n/a     

Total ICT cost - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0  high  n/a n/a       
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The 20 entries in Table 5.16 have resulted in 8 Figures in Appendix 3; in 11 cases there were 

no results available (n/a); in 1 case b(low)<1 and b(high)>1, which results in a curve value=0. 

The 8 Figures were in no case rejected, so eventually there are 8 situations left with resulting 

H1 validation value > 0.  

 

Business performance  

 

For hypothesis H2 the same calculations have been performed for the 2 possible combinations 

of measurements of constructs, for absolute and DEA productivity. The results are presented 

in Table 5.17. 

 

 

Table 5.17 Hospitals Business productivity Mann Whitney analysis 

Hosp year Prod abs Prod abs DEA DEA 

input IF average IF average IF average IF average 

ICT assets WS Comb  WS Comb  

2006 14 org 0,827 1,000 0,275 0,127 

2007 12 org 0,149 0,149 0,139 0,139 

2008 11 org 0,127 0,127 0,037 0,037 

 

 

Table 5.18 represents the results of the regression analyses, according to step 3 of the 

methodology, for both the absolute as the DEA productivity. 

 

 

Table 5.18 Hosp results of regression analyses and resulting H2 validation 

Hospitals - Infrastructure Factor - absolute productivity 

2006-8 IF b Rsq years curve result 

av. IF - Turnover - workstations low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a     

av. IF - Turnover - combined scale low  n/a n/a 0,00 0,00 0,00 

0 - 0 - 0   high  n/a n/a       

Hospitals - Infrastructure Factor - DEA productivity 

2006-8 IF b Rsq years curve result 

av. IF - Turnover - workstations low  1,47 0,96 0,33 0,50 0,12 

0 - 0 - 3 high  1,06 0,48     

av. IF - Turnover - combined scale low  1,25 0,96 0,33 1,00 0,00 

0 - 0 - 3 high  0,90 0,59   curve A3.36 

 

 

The 4 entries in Table 5.18 have resulted in 2 Figures in Appendix 3. One of the 2 Figures 

was rejected (indication “curve” in Table 5.18), so eventually there is 1 situation left with 

resulting H5 validation value > 0.  

 

5.3.4 Validity of hypotheses/proxies according to the detailed separate analyses  

 

In this section we will derive the (degree of) validity of the hypotheses and proxies, as 

represented in the research model (Figure 3.10). We established a base hypothesis (H1) about 
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the effect of the efficacy of ICT management policies with respect to economies of scale in 

the operational ICT conversion process, defined as a relation between the ICT expenditure 

and the scale of ICT assets. Furthermore additional proxies are defined, concerning the best 

way to measure ICT expenditure (P1), scale of ICT assets (P2 and P2a) and efficacy of ICT 

management policies (P3). Finally we defined a hypothesis (H2) about the effect of the 

infrastructure factor with respect to economies of scale in the business processes, defined as a 

relation between the scale of ICT assets and the organizational performance. First the results 

of the ICT performance (hypothesis H1 and proxies P1-P3) will be presented. Afterwards the 

results of the business performance (hypothesis H2). 

 

ICT performance  

 

In this section the validity of hypothesis H1 and proxy assumptions P1-P3 will be determined. 

Table 5.19 gives a summary of the results for Housing Corporations (Table 5.8), 

Municipalities (Table 5.12) and Hospitals (Table 5.16): 

- The first 5 rows for Housing Corporations (HC), Municipalities (Mun) and Hospitals 

(Hosp) are the average values of the results of Tables 5.8, 5.12 and 5.16. 

- The first 2 columns are the average values of IF average and MF; the third column is the 

average value of first 2 columns which is also the average of the fourth and fifth columns; 

the fourth and fifth columns are the average values of the absolute productivity and DEA 

productivity.  

- H1, P3: The sixth row shows the average values of the first 5 rows. IF average values 

(column 1) are higher than MF values (column 2) for HC, M and Hosp, which means that 

proxy assumption P3 is validated. The overall average (0,16) for HC is higher than for M 

(0,06), which is higher than for Hosp (0,05). This implies that hypothesis H1 is on average 

best validated for HC and worst for Hosp.  

- P1: The seventh and eighth rows give the results for proxy P1 (lines number 1 and 2 in the 

research model in Figure 3.10): row 7 gives the average values of rows 1 and 2; row 8 

gives the average values of rows 4 and 5. We can see that for HC/IF and for HC/MF row 8 

has higher values than row 7; for M/IF, Hosp/IF and Hosp/MF row 7 has the highest 

value; for M/MF both values are zero. This implies that proxy assumption P1 is validated 

for M/IF, Hosp/IF and Hosp/MF, not for HC/IF and HC/MF, and for M/MF it is 

undecided.  

- P2a: The ninth row gives the average values of rows 1 and 4; the tenth row gives the 

average of rows 2 and 5. Workstations (row 9) are a better measurement of the scale of 

ICT assets than the combined scale (row 10) for HC/IF, HC/MF, M/IF and Hosp/IF 

(which validates P2a). For Hosp/MF the Combined scale is a better measure, which 

contradicts proxy assumption P2a. For M/MF this is undecided, as the values of both row 

9 and 10 are zero. 

- P2: The eleventh and twelfth rows show the results for proxy P2 (lines number 2 and 3 in 

the research model in Figure 3.10): row 11 gives the values of row 3; row 12 gives the 

average values of rows 1 and 2. The number of ICT assets (row 12) is a better 

measurement of the scale of ICT assets than the TIR cost (row 11) for HC/IF, M/IF and 

Hosp/IF, which confirms proxy assumption P2. For HC/MF and Hosp/MF proxy 

assumption P2 must be rejected. In the case of M/MF proxy P2 could not be evaluated, as 

the values of both row 9 and 10 are zero. 
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Table 5.19 Overview of the results for hypothesis H1 and proxies P1-P3 

Average values of IF / MF - abs / DEA prod          col.1      col.2      col.3         col.4  col. 5 

Housing Corporations   2002-7 2004-7       

  IF av MF average abs prod DEA  

1. HIR operations - workstations 0,30 0,00 0,15 0,19 0,11 

2. HIR oper - combined scale 0,32 0,00 0,16 0,19 0,13 

3. HIR operations - TIR cost 0,00 0,09 0,04 0,00 0,09 

4. Total ICT cost - workstations 0,67 0,11 0,39 0,35 0,43 

5. Total ICT cost - combined scale 0,16 0,00 0,08 0,16 0,00 

6. Average all                   
H1 + P3 0,29 0,04 0,16 0,18 0,15 

7. Average HIR oper (ws,cs)         
P1/2 0,31 0,00 0,15 0,19 0,12 
8. Average ICT cost (ws,cs)            
P1/1 0,41 0,05 0,23 0,25 0,21 

9. Average ws (HIR op, ICT cost)     
P2a 0,48 0,05 0,27 0,27 0,27 

10. Average cs (HIR op, ICT cost)          
P2a 0,24 0,00 0,12 0,17 0,07 

11. HIR operations - TIR cost          
P2/3 0,00 0,09 0,04 0,00 0,09 
12. Average HIR oper (ws,cs)          
P2/2 0,31 0,00 0,15 0,19 0,12 

Municipalities 2004-7 2005-7       

  IF av MF average abs prod DEA  

1. HIR operations - workstations 0,26 0,00 0,13 0,11 0,14 

2. HIR oper - combined scale 0,20 0,00 0,10 0,06 0,14 

3. HIR operations - TIR cost 0,00 0,00 0,00 0,00 0,00 

4. Total ICT cost - workstations 0,18 0,00 0,09 0,12 0,06 

5. Total ICT cost - combined scale 0,00 0,00 0,00 0,00 0,00 

6. Average all                   
H1 + P3 0,13 0,00 0,06 0,06 0,07 

7. Average HIR oper (ws,cs)         
P1/2 0,23 0,00 0,11 0,09 0,14 
8. Average ICT cost (ws,cs)            
P1/1 0,09 0,00 0,04 0,06 0,03 

9. Average ws (HIR op, ICT cost)     
P2a 0,22 0,00 0,11 0,12 0,10 

10. Average cs (HIR op, ICT cost)          
P2a 0,10 0,00 0,05 0,03 0,07 

11. HIR operations - TIR cost          
P2/3 0,00 0,00 0,00 0,00 0,00 
12. Average HIR oper (ws,cs)          
P2/2 0,23 0,00 0,11 0,09 0,14 
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Hospitals 2006-8 2006-8       

  IF av MF average abs prod DEA  

1. HIR operations - workstations 0,12 0,00 0,06 0,05 0,07 

2. HIR oper - combined scale 0,06 0,05 0,06 0,00 0,11 

3. HIR operations - TIR cost 0,07 0,05 0,06 0,05 0,07 

4. Total ICT cost - workstations 0,06 0,00 0,03 0,06 0,00 

5. Total ICT cost - combined scale 0,07 0,00 0,03 0,07 0,00 

6. Average all                   
H1 + P3 0,08 0,02 0,05 0,05 0,05 

7. Average HIR oper (ws,cs)         
P1/2 0,09 0,02 0,06 0,02 0,09 
8. Average ICT cost (ws,cs)            
P1/1 0,07 0,00 0,03 0,07 0,00 

9. Average ws (HIR op, ICT cost)     
P2a 0,09 0,00 0,05 0,06 0,04 

10. Average cs (HIR op, ICT cost)          
P2a 0,07 0,02 0,05 0,03 0,06 

11. HIR operations - TIR cost          
P2/3 0,07 0,05 0,06 0,05 0,07 
12. Average HIR oper (ws,cs)          
P2/2 0,09 0,02 0,06 0,02 0,09 

 

 

 

Business performance  

 

In this section the validity of hypothesis H2 will be determined. Table 5.20 gives a summary 

of the results for Housing Corporations (Table 5.10), Municipalities (Table 5.14) and 

Hospitals (Table 5.18). The “average” column in Table 5.20 is average for a) the “abs prod” 

and “DEA” column and b) the “WS” and “Comb” column.  

 

 

Table 5.20 Overview of the results for hypothesis H2 

  abs prod DEA  average WS Comb 

Housing Corporations  0,38 0,16 0,27 0,47 0,07 

Municipalities 0,00 0,00 0,00 0,00 0,00 

Hospitals 0,00 0,06 0,03 0,06 0,00 

 

 

 

Validity of the hypotheses H1 and H2 separately  

 

Table 5.21 gives an overview of the (degree of) validity of the hypotheses H1 and H2 

separately.    
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Table 5.21 Degree of validity of hypotheses H1 and H2 separately 

 Type organization HC    M   Hosp   

Nr Hypothesis/proxy description /  ICT management policy IF MF IF MF IF MF 

H1 
Relation between ICT assets and ICT expenditure influenced by 
ICT policies 0,29 0,04 0,13 0,00 0,08 0,02 

P1 
ICT expenditure better estimated by FTE Operations than by total 
ICT costs no no yes n/a yes yes 

P2 
Scale of ICT assets better estimated by number of ICT assets than 
by TIR cost yes no yes n/a yes no 

P2a 
Better number measure by workstations than by combined scale 
factor yes yes yes n/a yes no 

P3 
Efficacy ICT management policies better estimated by IF than MF 
 yes   yes   yes   

H2 
Relation between ICT assets and Sales influenced by IF 
 0,27   0,00   0,03   

 

 

The results in Table 5.19 for the Maturity Factor in the case of Municipalities are all zero, so 

the proxy assumptions P1, P2 and P2a in Table 5.21 could not be evaluated (n/a). If we 

compare Table 5.21 with Table 5.6 (global analysis), then we can conclude that the degree of 

validation is lower in the detailed analysis, according to our expectation. Comparing the most 

important results, the Housing Corporations measured by IF (first column in Table 5.21) with 

HC measured by LR (second column in Table 5.6) then we see the following differences: 

- In the global analysis there is a “no” for P2a, versus a “yes” in the detailed analysis. 

- In the detailed analysis there is a “no” for P1, versus a “yes” in the global analysis. 

- In the detailed analysis the validation values for H1 and H2 are lower than in the global 

analysis, but these values are not comparable.  

 

As stated before, we consider the results of the detailed analysis as more valuable than the 

results of the global analysis and in the discussion (chapter 6.2) we will explain what is the 

possible cause of the HC/IF-invalidation of P1. 

 

In Appendix 4 we determined until what extent proxy P3 is supported by the cybernetic view 

on ICT management policies. We can conclude that proxy P3 is completely supported by the 

cybernetic view on ICT management policies in the case of the Housing Corporations. This is 

only partly the case for Municipalities and for Hospitals. 

 

5.3.5 Determination of H1 and H2 simultaneously   

 

In this section the hypotheses H1 and H2 will be validated simultaneously in the case of the 

Housing Corporations and Hospitals. Afterwards we will demonstrate that there are 

insufficient significant results in the case of the Municipalities to perform this type of 

analysis. 

 

This type of analysis is explained in section 4.4.2, Figure 4.7. We will start with Housing 

Corporations and as an example we take the combination IF – workstations – absolute 

productivity. These results are represented in Figure 5.1 (as an example of Graph 1 in Figure 

4.7) and Figure 5.2 (see Graph 2 in Figure 4.7).  
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Figure 5.1 HC ICT productivity (see Graph 1 in Figure 4.7) 

 

 

In Figure 5.1 the 24 low IF points are represented in purple (squares) and the 24 high IF 

points in yellow (triangles). The same for the 31 low and high IF points in Figure 5.2. 

However, we have to check whether these two analyses, performed separately for the ICT 

conversion process and the Business processes, are the results of the data of the same 

organizations. 
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Figure 5.2 HC Business productivity (see Graph 2 in Figure 4.7) 
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The answer on this question is demonstrated in Figure 5.3 which shows that only 16 “low IF” 

organizations are the same as output of the ICT conversion process and as input for the 

Business processes. And only 15 of the “high IF” organizations are the same.  

 

 

 

     

 

 

 
     Process 1:          Process 2: 

        ICT conversion process         Business processes  
 
 
 
Total ICT cost                          Turnover 
 
 
 
     ICT assets = 
 
        Number of workstations 
 
        24 and 31 low IF   �  16 the same organizations 
        24 and 31 high IF  �  15 the same organizations  

  in both processes 

                      

 

ICT 
conversion 
process 
 
24 low IF 
24 high IF 

 

Business 
processes 
 
 
31 low IF 
31 high IF 

 

Figure 5.3 HC ICT assets as output process 1 and as input process 2 
 

 

We will now validate H1 and H2 simultaneously and the results are presented in Table 5.22. 

In the second and third column the number of organizations with low IF and high IF are 

copied from Table 5.8 and Table 5.10. In the fourth column the average H1 and H2 validation 

results of Table 5.8 and Table 5.10 are represented. In the fifth column we see the sum of the 

number of IF low and IF high organizations, for example 31 in the first row, which is copied 

from Figure 5.3. The sixth column is the product of the average validation value in column 4 

with the percentile of organizations in column 5 (for example 0,62 x (31 / (24 + 31)) = 0,35 in 

the first row). In the seventh column the minimum IF value (“Min” in Figure 3.7 and in 

Figure 4.7) is represented. In the first row this is the maximum IF value of the conjunction of 

“low IF” values (16 organizations) in Figure 5.1 and in Figure 5.2. In the eighth column the 

maximum IF value (“Max” in Figure 3.7 and in Figure 4.7) is represented. In the first row this 

is the minimum IF value of the conjunction of “high IF” values (15 organizations) in Figure 

5.1 and in Figure 5.2. 
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Table 5.22 HC validity of hypotheses H1 and H2 simultaneously 

HC - abs productivity col. 2 col. 3 col. 4 col. 5 col. 6 col. 7 col. 8 

2002-7 H1 org H2 org av val  
H1+H2 
org corr val Min Max 

av. IF - workstations 24 31 0,62 31 0,35 0,38 0,53 

av. IF - combined scale 29 15 0,22 20 0,10 0,38 0,56 

HC - DEA productivity               

2002-7 H1 org H2 org av val  H1+2 org corr val Min Max 

av. IF - workstations 57 32 0,53 56 0,33 0,42 0,54 

av. IF - combined scale 47 19 0,00 12 0,00 0,37 0,56 

 

 

The highest corrected validation value (0,35) of H1 and H2 simultaneously in Table 5.22 is 

realized by the combination average IF – workstations – absolute productivity. This is also the 

highest average value (“av val”): 0,62 and confirms the results in Table 5.21. The 

corresponding Min-Max segment of Figure 3.7 is 0,38-0,53. The other 2 combinations in 

Table 5.22 (with corrected validation value > 0) have Min-Max segments 0,38-0,56 and 0,42-

0,54. It seams reasonable (from the point of view of robustness) to use the maximum value of 

the minimum values (0,42) and the minimum value of the maximum values (0,53). Thus we 

might advice for Housing Corporations that the optimal IF value must be in the segment 0,42-

0,53.  

 

We are not able to perform a simultaneous analysis of H1 and H2 for Municipalities, as there 

are no H5 validation results (see Table 5.20). Therefore we are not able to advice an optimal 

IF value for Municipalities. 

 

In the case of Hospitals we performed a simultaneous analysis of H1 and H2 and the results 

are showed in Table 5.23. There is one situation with positive results, realized by the 

combination average IF – workstations – DEA productivity. This confirms in general the 

results in Table 5.21.The corresponding Min-Max segment of Figure 3.7 is 0,54-0,58. So it 

seems reasonable to advice for Hospitals that the optimal IF value must be in the segment 

0,54-0,58.  

 

 

Table 5.23 Hosp validity of hypotheses H1 and H2 simultaneously 

Hosp - abs productivity     

2006-8 H1 org H2 org av val  H1+2 org corr val Min Max 

av. IF - workstations 5 0 0,06 0 0,00 n/a n/a 

av. IF - combined scale 4 0 0,07 0 0,00 n/a n/a 

Hosp - DEA productivity         

2006-8 H1 org H2 org av val  H1+2 org corr val Min Max 

av. IF - workstations 4 3 0,09 2 0,03 0,54 0,58 

av. IF - combined scale 0 0 0,00 0 0,00 n/a n/a 
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5.4 Conclusion 

 

In this chapter the results of the calculations are presented, based on the available data and 

according to the methodology. The most global and holistic analysis is according to the 

Partial Least Squares. Linear regression makes it possible to better determine the validity of 

H1 and H2. In the detailed analysis hypothesis H1 has been tested in 20 different ways for 

Housing Corporations (Table 5.8), Municipalities (Table 5.12) and Hospitals (Table 5.16). 

Hypothesis H2 has been tested in 4 different ways for Housing Corporations (Table 5.10), 

Municipalities (Table 5.14) and Hospitals (Table 5.18). The graphical results can be viewed in 

Appendix 3. Both hypotheses H1 and H2 have been tested simultaneously in 4 different ways 

for HC (Table 5.22) and Hosp (Table 5.23). In general the hypotheses are supported by the 

findings, as far as the infrastructure factor is concerned. A positive relation between ICT 

expenditure and the maturity of the ICT organization could, however, hardly be validated. 

 


