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Abstract 

There is investigated the influence of the determinants - subunit interdependences and knowledge transfer 
costs, on the level of decentralization and the performance measurement system (PMSs) using as an 
example a subdivisional unit from the Bulgarian social health and care experience. There is suggested a 
model of three equations about according to the impact of the above factors. There is carried out an 
empirical investigation and the summarized statistics for researched variables and some statistical 
interdependences are reviewed. 

Keywords: performance measurement system, level of decentralization, impact, healthcare subdivisional 
unit. 

 

 

 

1. INTRODUCTION 

The system of performance measures is a significant and most common instrument for increasing the 
management efficiency of an organization, using as an example a Bulgarian health and care subdivisional 
unit (an example of a public hospital). In the contemporary literature a lot of new versions of systems of 
performance measures have been suggested which can be classified to balanced and focused. The 
balanced scorecard is the usual representative in the first group and the system of selective performance 
measures is the representative of the second (Petkova - Georgieva, 2016; Abernethy, Lillis, 1995).  

A significant problem for organizations with multidivisional structures (such as are the Bulgarian subdivisional 
healthcare units) is establishing of the optimal decentralization in manager’s decision-making. The level of 
decentralization influences the structure and design of performance measurement system (PMS). Therefore, 
the improvement of PMS in organizations with multidivisional structure demands to be established the 
factors, which mostly influence the level of decentralization and the structure of PMS. 
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This study has on an object to assess the impact of the two factors – subunit interdependencies and 
knowledge transfer costs both on decentralization and on structure of PMS. For this reason, there have been 
experienced some predictions with a simultaneous equation model that captures the level of decentralization 
and the structure of PMS. 

In the present investigation is focused on the submition of considering the second stage of the conducted 
research. The study is based on the analytical frameworks developed by Jensen and Meckling (Jensen, 
Meckling, 1992) and Milgrom and Roberts (Milgrom, Roberts, 1995b). The model assesses choices relating 
to level of decentralization and two forms of subunit performance metrics, namely, aggregated performance 
measures (eg. profit or ROI) and disaggregated performance measures or what we refer to as specific 
performance measures (e.g. production expenditure, R&D, sales revenues). The simultaneous equation 
model can be summarized as follows: 

 DECEN = f (AGG, SPEC, SI, KTC)  

 AGG = f (DECEN, SPEC, SI, KTC)  

 SPEC = f (DECEN, AGG, SI, KTC)  

 DECEN - Decentralization 

 AGG - Aggregated PMs 

 SPEC - Specific PMs 

 SI – Subunit Interdependencies 

 KTC – Knowledge Transfer Cost 

The theoretical study as certain the fact that the decisions relating to decentralization and PMS choices are 
made simultaneously and that these choices are influenced by a number of exogenous factors. According to 
this the impact of interdependencies among subunits (as it is in the Bulgarian healthcare practice) and cost 
of transferring knowledge on these choices is discussed (Fama, French, 1993a). 

The variable knowledge transfer costs have two dimensions: one capturing specific knowledge (i.e. 
knowledge impacted at the subunit level) and second capturing environmental factors (i.e. competition, 
strategy, size, growth). Respectively there are used three variables to capture the knowledge transfer costs 
associated with environmental factors: growth opportunities, competition and size (Fama, French, 1993a). 

The impact of the mentioned above factors on the level of decentralization and the structure of performance 
measurement system are summarized in the following hypotheses: 

 H1: The level of decentralization decreases as the subunit operating interdependencies increase and 
increases as the level of subunit specific knowledge, subunit growth opportunities, size and competition 
increase. 

 H2: The use of aggregated subunit performance measures decreases when subunit interdependencies 
increase and increases when competition intensifies. 

 H3: The use of specific subunit performance measures decreases as subunit interdependencies increase 
and increases as subunit specific knowledge increases and competition intensifies (Fama, French, 1993a). 

2. METHODOLOGY OF INVESTIGATION  

We conducted our research in a health care subdivisional unit (the real name of the health care organization 
is confident). The necessary data for the test of the model was obtained from a survey of 78 managers 
(doctors and administrators with skills in health care management and hired at a hospital management 
positions) from 18 divisions of the experienced subdivisional units (a public hospital). 

At the first stage of the conducted research by means of checklists there have been gathered some 
information about the following variables:  

 DECEN - summary statistics for decentralization;  

 AGG - use of own-level aggregated performance measures;  

 SPEC - use of specific measures;  

 SK - specific knowledge;  
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 SUPPLY - operating interdependencies; 

 GROWTH - growth opportunities;  

 SIZE - size of the unit;  

 PPERF - past performance;  

 IMPACT1- impact of unit on performance of other units in firm;  

 IMPACT2 - impact of other units in firm on performance of own unit;  

 RSIZE - relative size of unit in firm; 

 COMP - degree of competition;  

 INT_AGG - intensity of own-level aggregated measures; 

 INT_SPEC - intensity of specific measures;  

 CPERF - experience and current performance. 

Also, the summarized statistics are calculated for each variable: Mean, Standard Deviation, Median, 
Minimum, Maximum. 

Endogenous variables. Level of decentralization 

The level of decentralization describes the degree to which decision rights are assigned to lower level 
managers. The managers were asked to indicate their influence over a range of decisions (e.g. strategic, 
human resource management, operational, investment and marketing decisions). The measure (DECEN) 
was obtained by averaging the responses to five survey items. Factor analysis and reliability assessment of 
the five items supported this approach (Table 1). 

Aggregated measures (AGG) such as profit or ROI summarize subunit performance in one measure. The 
respondents had to to assign weights to the relative importance of AGG measures in comparison with other 
performance metrics. 

The specific measure variable (SPEC) summed the weights on the two items that capture the use of 
measures that inform on specific functions (e.g. expenditure and revenue data relating to R&D, marketing, 
etc.) within the business unit. 

Exogenous variables. Interdependencies 

To test the relative importance of the two-performance metrics (AGG, SPEC) interdependences between 
subunits by means of two questions were measured. The first item asked respondents to identify the extent 
to which their activities impacted other subunits (IMPACT1), and the second item asked the extent to which 
their performance was affected by the activities carried out by other subunits (IMPACT2) (Milgrom, Roberts, 
1995b).  

To test the impact of interdependencies on decentralization (DECEN) we used a measure that focuses on 
the exchange of goods and services between subunits within the firm. 

Two questions had been asked to the subunit managers: 

 The percentage of incoming supply of goods or service sourced from other subunits in percentage of the 
total incoming supply of goods, and  

 The percentage of total outgoing goods provided to other subunits.  

The variable SUPPLY is the sum of these two percentages. 

Knowledge Transfer Costs 

There are two dimentions that describe the variable Knowledge Transfer Costs: one capturing specific 
knowledge (i.e. knowledge impacted at the subunit level) and a second capturing environmental factors (i.e. 
competition, strategy, size, growth). 

Specific knowledge 

The managers were asked to rate their knowledge relative to their superior’s in their area of responsibility 
uing the six-item scale (Ittner, Larcker, 2000). The results of the factor analysis indicated that there was only 
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one common factor (Table 1). A measure for specific knowledge (SK) is resulted as a sum of the scores on 
the six items. 

Environmental condition 

There are presented three environmental elements according to the conditions in which the firm operates, 
namely, growth opportunities (GROWTH), size (SIZE) and competition (COMP). 

To measure growth opportunities managers were asked to rate growth expectations for their own subunit 
and for the industry in which the subunit operates. The two-item measure allowed for a validation test 
between the items. The scale reliability has been evaluated with Cronbach’s alpha. The estimated coefficient 
was 0.74, which is beyond conventional levels. The variable size is defined as the number of employers 
working in a unit. 

The competition is measured using instrument that comprises different elements of competition, namely, 
price, promotion and distribution, product quality, and product variety. There was tested whether the 
construct (COMP) instrument was unidimensional using factor analysis. The results indicate that the four 
items represent one construct (Table 1). The alpha reliability of the four items (0.64) also supported the use 
of a summed measure. 

Control Variables 

As a result of the scientific literature there were included in the model three control variables as followes:  

 The subunit performance (Jeong, Maddala, 1993b);  

 The relative size as a proxy for subunit risk differences (Nagar, 1999);  

 The intensity of the performance measures as an indicator for the sensitivity and precision of the measure 
(Jensen, Meckling, 1992). 

The inclusion of these variables minimizes the possibility of omitted variable bias. In order to to be identified 
our model it is used two separate measures for variable subunit performance, namely past performance 
(PPERF) and current performance (CPERF). The two constructs are highly correlated supporting the validity 
of our approach. The performance is measured by asking managers to rate how their subunit performs 
relatively to competitors, and relatively to what is expected by their superiors. The scale reliability is 
assessed with Cronbach’s alpha. Coefficient estimates are 0.58 for CPERF and 0.68 for PPERF. 

Table 1. Results of principal factor and maximum likelihood factor analysis  
of responses of managers to survey questions 

Variable Factor loading Communality Estimate (h ) 

SK Cronbach's alpha = 0.86 

Maximum likelihood solution tests: H1 (1 common factor) versus H0 (no common 
factors), χ

2
=202.056, p = 0.00 

H1 (> 1 common factor) versus H0 (1 common factor), χ
2 
=27.440, p = 0.00 

SK1 75 0.556 

SK2 72 0.524 

SK3 69 0.473 

SK4 70 0.488 

SK5 62 0.381 

SK6 79 0.632 
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DECEN Cronbach's alpha = 0.73 

Maximum likelihood solution tests: H1 (1 common factor) versus H0 (no common 
factors), χ

2 
=71.87, p = 0.00 

H1 (> 1 common factor) versus H0 (1 common factor), χ
2
 =1.716, p = 0.89 

DECEN1 57 0.324 

DECEN2 49 0.243 

DECEN3 62 0.379 

DECEN4 69 0.479 

DECEN5 55 0.303 

 

COMP Cronbach's alpha = 0.64 

Maximum likelihood solution tests: H1 (1 common factor) versus H0 (no common 
factors), χ

2 
=43.39, p = 0.00 

H1 (> 1 common factor) versus H0 (1 common factor), χ
2 
=4.719, p = 0.09 

COMP1 43 0.185 

COMP2 50 0.255 

COMP3 58 0.335 

COMP4 64 0.416 

 

GROWTH Cronbach's alpha = 0.74 

 

PPERF Cronbach's alpha = 0.65 

 

CPERF Cronbach's alpha = 0.58 

Relative size was measured as the percentage of sales of the subunit to the total firm or the total of the 
assets as a percentage to total firm assets. 

Intensity of the performance measure was captured by asking respondents how well the two performance 
measures captured the subunit’s effort (intensity of own level aggregated measures – INT_AGG; intensity of 
specific measures – INT_SPEC). 

Results of practical investigation. Correlation analysis 

Pearson’s correlation coefficients among all the variables are presented in Table 2. It appears that 
decentralization is related to interdependencies (SUPPLY and IMPACT2), specific knowledge (SK), growth 
opportunities (GROWTH), and SIZE in the way that was predicted. Decentralization is also positively 
associated with the use of aggregated measures and negatively associated with specific measures.  
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Consistent with the expectation a negative relation between use of aggregated performance measures 
(AGG) and interdependencies (IMPACT1) was founded. The results relating to the specific performance 
measure variable (SPEC) do not support the expectations. There appears to be no correlation between 
interdependencies and SPEC and a negative relation between SPEC and specific knowledge. There 
appears to be no relation between the three choice variables and level of competition (COMP). 

Test of the Model 

There were used three simultaneous equations to test the presented model. The composed equations 
capture: 

 The degree of decentralization (1); 

 The use of aggregated performance measures (2); 

 The use of specific performance measures (3). 

These equations are expressed as follows: 

DECENi = 0 + 1AGGi + 2SPECi + 3SKi + 4SUPPLYi + 5GROWTHi + 6SIZEi + 7PPERFi + 

8COMPi + i
DECEN

                                                                                                                          (1) 

AGGi = 0 + 1DECENi + 2SPECi + 3SKi + 4IMPACT1i + 5IMPACTi + 6RSIZEi + 7INT_AGGi + 8COMPi 

+ i
AGG

                                                                                                                                          (2)
 

SPECi = 0 + 1DECENi + 2AGGi + 3SKi + 4IMPACT1i + 5IMPAKT2i + 6COMPi + 7CPERFi + 8INT_SPECi 

+ 9RSIZEi + i
SPEC

                                                                                                                                 (3)
 

Table 2. Pearson’s correlation coefficients among all the variables 
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Legend: 1 - AGG - use of own-level aggregated performance measures; 2 - SPEC - use of specific 
measures; 3 - DECEN - summary statistics for decentralization; 4 - SK - specific knowledge; 5 - SUPPLY - 
operating interdependencies; 6 – IMPACT 1- impact of unit on performance of other units in firm; 7 – 
IMPACT 2 - impact of other units in firm on performance of own unit; 8 - GROWTH - growth opportunities; 9 - 
CPERF - experience and current performance; 10 - SIZE - size of the unit; 11 - RSIZE - relative size of unit 
in firm; 12 - PPERF - past performance;  13 - INT_AGG - intensity of own-level aggregated measures; 14 - 
INT_SPEC - intensity of specific measures; 15 - COMP - degree of competition. 

DECEN, AGG and SPEC are the jointly determined endogenous variables. There were therefore used all 
three composed equations to describe adequately the observed values. The complication in estimating this 
system is that ordinary least squares is inconsistent when the disturbances are correlated with the 
explanatory variables. To solve this problem “instrumental” variables that are uncorrelated by assumption 
with the disturbances were used. Two-stage-least squares (2SLS) method is a legitimate instrumental 
variable estimator and it is used to estimate the system. Monte Carlo studies have shown 2SLS to have 
small-sample properties superior on most criteria to all other estimators.  

In this connection a bootstrapping method within the simultaneous equation framework was used. The main 
advantage of the bootstrapping approach is preserving any relation in the original data between instruments 
and disturbances while resampling (Kothari, Shanken, Sloan, 1995c). 

The main reason to use 2SLS was the endogeneity of the performance measuring system and 
organizational design variables. The test was based on the following procedure: 

 Estimating the model by 2SLS and computing the estimated residual and the predicted instruments for 
each equation. 

 Resampling the data for the original instrument, the estimated residual and the predicted instruments. 

 Using the original instruments and the estimated residual to compute a value for the dependent variable. 

 Computing the bootstrap estimates of the parameters by using the computed value of the dependent 
variable, the predicted instruments and the original instruments. 

The estimation results based on the bootstrapping approach with 2000 replications are presented in Table 3. 
The empirical distribution of the parameter estimates is used to bootstrap confidence intervals. 

The F-statistics show that the three equations are significant at the all three-significance level. The adjusted 
R2 for the decentralization regression is 43.39 % providing strong support for the explanatory ability of the 
independent variables. As expected, top management are likely to assign more decision rights to subunits 
where managers have a high level of specific knowledge (coefficient = 0.10, p-value <0.01). This finding is 
consistent with the idea that specific knowledge at the local level increases the efficiency of decentralized 
decision making compared to a centralized decision-making structure. 

Table 3. Two stage least squares estimation results based  
on the bootstrapping approach 

 P.S. DECEN P.S. AGG P.S. SPEC 

Constant  -1.9587 (2.3196)  11.4750 (51.9683)  125.298 (41.4135) /10%/ 

AGG_P + 0.0029 (0.0070)   ? -0.3050 (0.4126) 

SPEC_P  0.0131 (0.0172) ? 0.0866 (0.3937)   

DECEN_P   + 10.0131 (9.8159) ? -17.9278 (7.9784) /10%/ 

SK + 0.0989 (0.0196) 
/10%/ 

- -0.4391 (1.0128) + 2.0889 (1.0153) /5%/ 

SUPPLY - -0.0056 (0.0031) 
/5%/ 
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GROWTH + 0.2768 (0.1081) /5%/     

SIZE + 0.1674 (0.0760) /5%/     

PPERF + 0.0142 (0.0429)     

IMPACT 1   - -4.0025 (2.624) - -0.2080 (3.1169) 

IMPACT2   - 5.2051 (2.916) /1%/ - -3.3440 (3.1938) 

RSIZE   + -0.1838 (0.1837) + 0.0154 (0.2337) 

INT_AGG   + 0.2693 (0.1690)   

COMP + -0.0348 (0.0246) + -0.5142 (0.8407) + -0.2542 (0.8424) 

CPERF     - -4.1123 (2.2918) /1%/ 

INT_SPEC     + 0.0955 (0.2208) 

ADJ. R
2
  43.39%  12.76%  11.96% 

F-statistic  6.366  2.024  1.871 

Prob(F)  0.0001  0.0397  0.0548 

Legend: The standard errors are presented in parenthesis. The significance is based on the empirical 
distribution of the parameter estimates.  /10%/, /5%/ and /1%/ denotes significance levels. _P denotes 
predicted values from first stage regression. 

There were founded some evidences that the environmental conditions which represent dimensions of 
knowledge transfer costs were significant in explaining the extent to which decision rights are delegated. 
Both growth opportunities (GROWTH) and SIZE are positively related to decentralization (coefficient = 0.28, 
and 0.17 respectively, both p-value <0.05). Also there were found some proofes for the prediction relating to 
interdependencies and decentralization. There was argued that interdependencies between subunits raise 
the coordination cost of decentralization. Local managers are more likely to make locally-optimal decision, 
ignoring the impact of their decisions on other units. To ensure globally-optimal results, higher manager may 
be forced to retain certain decision rights. There was founded that interdependencies between subunits 
(SUPPLY) are negatively correlated with the level of decentralization in a firm (coefficient = - 0.01, p-value 
<0.05). It was surprising to find no evidence that decentralization choice and PMS design are associated. 
Both AGG_P and SPEC_P are insignificant. 

The adjusted R2 for the equation relating to the use of aggregate performance measures (Equation 2) 
indicated that the model has some explanatory ability (i.e. 12.76 %). The expectations were only partially 
supported. An unexpected and significantly positive relation between the impact of other subunits on the 
performance of the subunit (coefficient = 5.21, p-value <0.10) and the use of aggregated own level 
performance measures was founded. This finding is counter-intuitive and at first appears contrary to the 
notion of informativeness. However, given the top management are aware of the interdependencies existing 
among subunits, the use of aggregate profit measures has information content about how well a manager is 
anticipating the effects of other subunit activities on their own activities. There were no significant relations 
with the other two endogenous variables (DECEN_P and SPEC_P). 

The specific measure regression, Equation 3, also provides some explanatory power with 11% of the 
variance explained. As predicted, specific knowledge is associated with use of specific measures (coefficient 
= 2.09, p-value < 0.05). Top management use of specific measures increases with greater level of specific 
knowledge, which suggests positive payoffs to using these measures. There is, however, no association 
between interdependencies and the use of specific measures. The significant association between choice of 
organization design and the use of specific measures is a core result of the paper. 
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3. CONCLUSION 

Our findings partly support the expectations in relation to the determinants of organizational design. Strong 
evidence for the importance of knowledge transfer costs in determining choices relating to decentralization 
and the use of specific performance measures was founded. There was also found out that interdependency 
between subunits influence the extent to which top management delegate decision rights and their use of 
aggregated performance measures. What is of particular interest is that the type of interdependencies 
influences the use of aggregate measures. The results do not confirm prior literature that top management 
will be reluctant to use aggregated subunit measures in the presence of interdependencies (Dunk, 1993; 
Milgrom, Roberts, 1995b). It would appear that if a subunit’s activities are influenced by the actions of 
managers in other units, aggregated measures are used to a greater extent. There was found some proof for 
there is a sequence in choices relating to structure and PMS design (Sotirov, Sakakushev, Koriykov, 
Georgiev, Zhel, Popesku, 2010a). 

However, the gained results are similar to the results in the literature (Bushman, Indjejikian, Smith, 1995a; 
Petkova, Tasheva, Petkov, 2010). There was demonstrated that the relation between organization structural 
decisions and performance measure choice is likely to be unidirectional. 

There are a number of caveats that should be recognized when considering the evidence presented in this 
paper.  

First, is the simplicity of the model, while there have been extended prior research and was examined only 
two dimensions of organizational design. There are numerous other elements of organizational design.  

Second, is the potential for measurement error. Survey data are only able to capture the perceptions of 
respondents and thus may be subject to bias. 

Third, is the potential for omitted variable bias and while it is controlling for a number of variables likely to 
influence this bias there is no doubt others. 
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