


Editorial Board 

 
I 

 

 

JAQM Editorial Board 

 

 

Editor in Chief 

Marcel Ausloos, University of Leicester, UK 

 

 

Executive Editor 

Claudiu Herteliu, Bucharest University of Economic Studies, Romania 

 

 

Editorial Team 

Catalin Boja, Bucharest University of Economic Studies, Romania 

Radu Chirvasuta, Imperial College Healthcare NHS Trust, London, UK 

Matthew Elbeck, Troy University, Dothan, USA 

Bogdan Vasile Ileanu, Bucharest University of Economic Studies, Romania 

Johan Kok, Tshwane Metropolitan Police Department, South Africa 

Miruna Mazurencu Marinescu, Bucharest University of Economic Studies, Romania 

Daniel Traian Pele, Bucharest University of Economic Studies, Romania 

Aura Popa, YouGov, UK 

Satish Chand Sharma, Janta Vedic College, Baraut, India 

 

 

Manuscript Editor 

Lucian Naie, SDL Tridion 

 

 

 

Founding Editors 

Ion Ivan, Bucharest University of Economic Studies, Romania 

Claudiu Herteliu, Bucharest University of Economic Studies, Romania 

Gheorghe Nosca, Association for Development through Science and Education, Romania 

 



Advisory Board 

 
II 

JAQM Advisory Board 

 

Luigi D’Ambra, University of Naples “Federico II”, Italy 

Marcel Ausloos, University of Leicester, UK 

Kim Viborg Andersen, Copenhagen Business School, Denmark 

Tudorel Andrei, Bucharest University of Economic Studies, Romania 

Avner Ben-Yair, SCE - Shamoon College of Engineering, Beer-Sheva, Israel 

Ion Bolun, Academy of Economic Studies of Moldova, Moldova 

Recep Boztemur, Middle East Technical University Ankara, Turkey 

Roy Cerqueti, University of Macerata, Italy 

Marian-Pompiliu Cristescu, Lucian Blaga University, Romania 

Corrado Crocetta, University of Foggia, Italy 

Gurjeet Dhesi, London South Bank University, UK 

Cristian Pop Eleches, Columbia University, USA 

Michele Gallo, University of Naples L'Orientale, Italy 

Angel Garrido, National University of Distance Learning (UNED), Spain 

Alexandru Isaic-Maniu, Bucharest University of Economic Studies, Romania 

Ion Ivan, Bucharest University of Economic Studies, Romania 

Zoltan Neda, Babes-Bolyai University, Cluj-Napoca, Romania 

Peter Nijkamp, Free University De Boelelaan, The Nederlands 

Bogdan Oancea, University of Bucharest, Romania 

Victor Valeriu Patriciu, Military Technical Academy, Romania 

Dan Petrovici, Kent University, UK 

Mihai Roman, Bucharest University of Economic Studies, Romania 

Giulia Rotundo, Sapienza University or Rome, Italy 

Satish Chand Sharma, Janta Vedic College, Baraut, India 

Biagio Simonetti, University of Sannio, Italy 

Ion Smeureanu, Bucharest University of Economic Studies, Romania 

Timothy Kheng Guan Teo, University of Auckland, New Zeeland 

Daniel Teodorescu, Emory University, USA 

Pasquale Sarnacchiaro, Unitelma Sapienza University, Italy 

Nikolay Vitanov, Institute of Mechanics, Bulgarian Academy of Sciences, Bulgaria



Contents 

 
III 

 Page 

Quantitative Methods Inquires  

  

Raffaela PALMA  

Public Service Motivation and Employee Outcomes in the Italian Public Sector: 

Testing the Mediating Effect of Person-Organization Fit 

 

1 

  

Victor MARTINEZ-LUACES, Leticia SILVA  

Determination of Parameters in Chemical and Biochemical Non-Linear Models 

using Simulated Data with Gaussian Noise Perturbation 

17 

  

Aomar IBOURK  

Children’s Scientific Knowledge in Morocco: a Gender approach Analysis TIMSS’s 

Scores Decomposition 

25 

  

Sebastian Ion CEPTUREANU  

CSR and Profitability in Romanian IT SMEs 40 

  

Solani MATHEBULA, Samuel Bert BOADI-KUSI, Johan KOK  

Critical Review of Vision Fitness Testing within the South African Driving License 

Testing and Road Safety Context 

50 

  

B.C. RAKSHIT, M. Ohid ULLAH, D. MISHRA  

Thermal Manipulation in Broilers and Layers 62 

  

Eduard Gabriel CEPTUREANU  

Findings regarding Corporate Social Responsibility in Romanian IT SMEs 

 

72 

  

  

  

  

  

  

  

  

  



 

Quantitative Methods Inquires 

 

 
1 

 

PUBLIC SERVICE MOTIVATION AND EMPLOYEE OUTCOMES 

IN THE ITALIAN PUBLIC SECTOR: TESTING THE MEDIATING 

EFFECT OF PERSON-ORGANIZATION FIT 

 

Raffaela PALMA  

PhD Student, Federico II University of Naples, Italy 

E-mail: raffaela.palma@unina.it 

 

 

  

Abstract 

This article examines the relationship between Public Service Motivation and the following 

outcomes, Job Satisfaction, Organizational Commitment, Individual Performance and Quit 

Intention, essential outcomes in the life of any organization though in my work it is the school 

which is focused upon. Using a sample of 296 public teachers in the Italian public sector, a 

mediation model is outlined and tested empirically using Partial Least Squares-Path Modeling. 

Our results show that Public Service Motivation positively affects the congruence between 

employees’ values and organizational mission, known as “Person Organization-fit”, which in 

turn has significant positive associations with Job Satisfaction, Organizational Commitment, 

Individual Performance, but negative associations with Quit Intentions. All of these outcomes 

improve the performance in public and private organizations. In general, our findings suggest 

that if public managers want to improve the organizational performance and avoid their 

employees to quit the organization they belong to, then they must favor more in general Public 

Service Motivation, but more specifically the achievement of the above mentioned congruence. 

Key words: Public Service Motivation, Person Organization fit, Italy 

 

 

Introduction 

 

Public Service Motivation (PSM) is ‘an individual’s orientation to delivering service to 

people with the purpose of doing good for others and society’ (Hondeghem and Perry, 2009, 

p. 6). Many scholars have tried to study in depth the relationship between Public Service 

Motivation and employee outcomes, such as Job Satisfaction , Organizational Commitment 

and Performance (Cerase and Farinella 2009; Taylor 2008, 2011; Andersen et al. 2014). 

However, the process through which Public Service Motivation affects employee attitudes 

needs more attention. As far as we know to date, researchers like Bright (2007, 2008), 

Wright and Pandey (2008), Kim (2012) have concentrated their attention exclusively on the 

Person-Organization fit process (P-O fit), that is on the role of the shared values on which 

the fit is based; while researchers like Andersen et al.( 2013a, 2013b) and Jensen et 

al.(2015) have focused their attention on another process, i.e. a specific orientation which 

public employees have toward the individual user of the public service (Andersen et al., 

2013a, 2013b; Jensen et al., 2015), briefly called ‘user orientation’. 
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In this study we have examined four different classes of employee attitudinal out-

comes, i.e. Job Satisfaction, Organizational Commitment, Individual Performance and Quit 

Intention. More precisely we have related Public Service Motivation to them and also studied 

the relationships between P-O fit and these outcomes. 

Our choice of the employee outcomes was triggered by one mainly consideration. 

As public organizations are under pressure in order to improve the efficiency and effective-

ness of services, it’s necessary to detect the factors that are associated with them as they 

could improve public service delivery and thus organizational performance.  

In particular, our study is focused on an employee attitudinal outcome, i.e. inten-

tion to quit, which is the strongest indicator of actual turnover (Griffeth, Hom, and Gaertner 

2000). This not only provides a link to the incipient Public Service Motivation process litera-

ture with its emphasis on other attitudes (Job Satisfaction and Organizational Commitment) 

but it also broadens both the boundaries of Public Service Motivation literature itself by ex-

amining a rarely considered attitude, i.e. the intention to quit ( Bright 2008, Gould-Williams 

et al.2013, Mostafa, 2013) and contributes to the substantial body of P-O fit literature.  

The article is structured as follows. First, we discuss the relationship between Public 

Service Motivation and its outcomes, then we examine the relationship between Public Ser-

vice Motivation and P-O fit so as to provide a description of the process through which Public 

Service Motivation affects employee outcomes. Thereafter we provide an overview of the 

direct links between Public Service Motivation, P-O fit, and employee outcomes. The final 

section of our review highlights how P-O fit mediates the relationship between Public Service 

Motivation and employee outcomes. Following a description of the data and methodology, 

we test the study’s hypotheses using Partial Least Squares- path Modeling (PLS-PM) with the 

software R. The final section presents our findings and discusses their implications for both 

theory and practice. 

 

Theoretical Framework 

 

PSM and its Outcomes  

Many scholars have tried to understand and better define PSM (Perry and Wise, 

1990, 368; Vandenabeele (2007, 547). Gould-Williams (2013, 599) synthesized it as “a 

value or attitude that motivates individuals to engage in behaviors that benefit society”. Fur-

thermore individuals with greater PSM are more satisfied with their public sector jobs, are 

committed to the organization they belong to and show better performance (Pandey and 

Stazyk, 2008; Perry and Wise, 1990; Andersen et al., 2014). 

Job satisfaction is a “pleasurable or positive emotional state resulting from the ap-

praisal of one’s job or job experiences” (Locke 1976, 1304). Job satisfaction is important 

because it is positively correlated with motivation, job involvement, organizational citizenship 

behavior, organizational commitment, life satisfaction, mental health, and job performance 

and negatively related with absenteeism, turnover, and perceived stress (Judge et al. 2001). 

Many studies support the direct relationship between PSM and Job Satisfaction (Taylor 2008; 

Vandenabeele 2009; Kim, 2011). Therefore, we can expect Public Service Motivation to be 

directly and positively related to job satisfaction, as stated in the following hypothesis: 
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Hypothesis 1: Public Service Motivation has a direct effect on Job Satisfaction. The higher the 

level of an individual’s Public Service Motivation, the higher the level of Job 

Satisfaction. 

 

Organizational commitment is defined as “a psychological state that (a) character-

izes the employee’s relationship with the organization, and (b) has implications for the deci-

sion to continue or discontinue membership in the organization” (Meyer, Allen, and Smith 

1993, 539). PSM has been theoretically and positively related to Organizational Commit-

ment (Perry and Wise 1990; Crewson 1997; Pandey and Stazyk, 2008; Vandenabeele 2009; 

Kim 2011). On the basis of these studies, we formulated the following hypothesis: 

 

Hypothesis 2: Public Service Motivation has a direct effect on Organizational   Commitment. 

The higher the level of an individual’s Public Service Motivation, the higher the 

level of Organizational Commitment. 

 

Many researchers have tried to support the positive PSM -Performance relationship, 

both in terms of individual and organizational performance. In the study of Alonso & Lewis 

(2001) there is mixed evidence on whether PSM positively affected grades and performance 

ratings; in that of Brewer and Selden (2000) Public Service Motivation is a modestly im-

portant predictor of organizational performance. Andersen et al. (2014) investigated the 

association between PSM and the individual performance of Danish teachers using an objec-

tive outcome measure (the students’ academic performance in their final examinations) and 

found that PSM is positively associated with examination marks, that is PSM may be relevant 

for performance improvement. Van Loon, N. M. (2015) provides a robustness test by analyz-

ing the relationship between PSM and overall performance, also in its various dimensions 

(output, efficiency, service outcome, responsiveness, and resilience). Choi (2015) conducted 

a structural analyses of meta-analytic correlations with regard to PSM and its outcomes such 

as Job Satisfaction, Organizational Commitment and Individual Performance. He verified 

that PSM has positive and direct significant impacts on Job Satisfaction and Organizational 

Commitment. Therefore, public employees with higher PSM would be more satisfied with 

their jobs and committed to their organizations. On the other hand, PSM has small but direct 

effects on performance as well as indirect effects on performance through the mediating 

effect of Job Satisfaction and Organizational Commitment (Vandenabeele 2009). Therefore 

we can formulate the two following hypotheses: 

 

Hypothesis 3: Public Service Motivation has a direct effect on Performance. The higher the 

level of an individual’s Public Service Motivation, the  higher the level of Per-

formance. 

Hypothesis 4: Public Service Motivation has an indirect effect on Performance, through Job 

Satisfaction. 

Hypothesis 5: Public Service Motivation has an indirect effect on Performance, through Or-

ganizational Commitment. 

 

Person-Organization fit (P-O fit) and Public Service Motivation (PSM) 

P-O fit comes into play “when employees believe that their values match the or-

ganization’s values and the values of other employees in the organization” (Cable and De-
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Rue 2002, 876) or better it indicates the compatibility between individuals and organization-

al characteristics with regard to values, goals, and climate (Choi, 2015, 5). Furthermore indi-

viduals with greater P-O fit are also more satisfied with their public sector jobs, are commit-

ted to the organization they belong to (Bright, 2007; Kristof-Brown et al., 2005) as it hap-

pens when they are public service motivated. 

If PSM and P-O fit lead to and favor the same outcomes, then trying to connect the 

former with the latter becomes challenger. Yet few scholars have welcomed this challenge. 

Wright (2008) found that the relationship between employee PSM and Job Satisfaction is not 

direct but “mediated by the extent to which the employee perceives that his or her values are 

congruent with those of the public sector organization”, or better by P-O fit. 

Bright (2007, 2008) and Wright and Pandey (2008 ) argue that PSM has no signifi-

cant direct impact on individual performance and work attitudes when P-O fit is mediated in 

the PSM -performance relationship. Pandey, Wright, and Moynihan (2008) found that PSM 

increases Organizational Commitment when its influence on employee perceptions of an 

organization’s mission valence occurs. Therefore we can formulate the following hypothesis: 

 

Hypothesis 6: Public Service Motivation has an indirect, positive effect on P-O fit. 

Hypothesis 7: Public Service Motivation has an indirect, positive effect on Job Satisfaction  

           through its influence on P-O fit. 

 

Bright (2008) argued that public employees with high levels of PSM are significantly 

more congruent with their organizations when compared with their counterparts with lower 

levels of PSM. According to Kim (2012,833) when public employees with high levels of PSM 

believe that their values match an organization’s values, they develop a sense of attachment 

to the organization and are willing to give something of themselves in order to contribute to 

the organization’s well-being. In other words, these employees could be more committed to 

their organization. This allows us to formulate two more hypotheses: 

 

Hypothesis 8: Public Service Motivation has an indirect, positive effect on Organizational 

through its influence on P-O fit. 

Hypothesis 9: Public Service Motivation has an indirect, positive effect on Performance 

through its influence on P-O fit. 

 

Intention to Quit, P-O Fit and PSM 

Ajzen and Fishbein (1980) and Igbaria and Greenhaus (1992) maintained that in-

tentions are the most immediate determinants of actual behaviour, so intentions to quit are 

a good predictor of actual turnover. It is reasonable believe that not all turnover intention 

leads to actual turnover. As a matter of fact, in order to actually quit a job at least it is neces-

sary an alternate employment, which is not always easy to achieve. According to Chang, 

Wang, and Huang (2013) turnover intention has a negative effect on organizational effec-

tiveness because those employees with unrealized intentions to quit the organization are 

likely to use other types of withdrawal behavior. Moreover Hanisch (2002) underlined that 

Quit Intentions are usually associated with negative employee behaviors such as absentee-

ism, tardiness, and unauthorized breaks, which in turn may negatively affect the quality of 

public service delivery. 
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On the other hand, we argue that if organizational values are congruent with em-

ployees’ values, then employees will be less likely to quit. There is evidence in support of 

these propositions. For instance, the study of Verquer, Beehr, and Wagner (2003) underlined 

that P-O fit is an important antecedent of quit intentions, but also of Job Satisfaction and 

Organizational Commitment. Narayanan and Sekar (2009) reported that P-O fit negatively 

influences the quit intentions of Indian teachers. Liu, Liu, and Hu (2010) found similar results 

in the Chinese public employees. Therefore, on the basis of the empirical evidence and our 

arguments presented above, we hypothesize the following: 

 

Hypothesis 10: Public Service Motivation has an indirect effect on intention to quit through its 

influence on P-O fit. 

Hypothesis 11: PO-fit will negatively affect employees’ intention to quit. 

 

Stimulated by the mentioned researches and their results, this study elaborates the 

relationship between PSM and its outcomes (i.e., Performance, Intention to Quit, Job Satis-

faction and Organizational Commitment) by using the following conceptual model (see 

Fig.1). However, summarizing the purpose of this article, we want to investigate whether 

PSM or P-O fit is an antecedent of the attitudes to work of 296 public teachers in Italy. We 

can achieve this result by testing hypotheses on (1) whether PSM directly influences work 

attitudes (Job Satisfaction, Organizational Commitment, Performance), or (2) whether P-O fit 

mediates the relationship between PSM and work attitudes (JS, OC, P, QI) or, (3) whether 

both hypotheses are true. 

 

Figure 1. Conceptual Model 

 

 

 

In brackets Standard Error. 
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Method 

 

In this study we employ a systematic and rigorous quantitative approach to review-

ing empirical findings. The statistical analysis, infact, applied Partial Least Squares Path 

Modeling (PLS-PM) in R, that is a statistical approach for modeling complex multivariable 

relationships among manifest and latent variables (Fox 2006). This approach allows us to 

test all the relationship in the models simultaneously. 

In the analysis the internal evaluation method used is the reflexive method, with 

the exception of the Job Satisfaction block for which we used the formative method. Such 

choice was adopted to remedy the fact that unidimentionality has not been reached by Job 

Satisfaction variable. As a matter of fact its Cronbach Alpha index and the Dillon and Gold-

ensyein Rho index aren’t at least equal to 0.7.  

We have also evaluated the outer weights, the loadings and the paths coefficients, 

as well as the residuals. We have also calculated the indexes to measure the predictive ca-

pacity of the model: the communality index, the R-squared of each structural relationship, 

the redundance index, and GoF (Goodnes of Fit index). Finally we carried out the bootstrap 

validation to check the significance of the links among the variables. All the work has been 

done using standardized data. Data don’t meet the assumptions of the parametric test, es-

pecially the assumption about normally distributed data. 

 

 

Data and sample  

The survey took place from September to December 2015 through a structured 

questionnaire.  

The sample consisted of 296 employees of Italian public schools. Table 1 shows the 

demographic characteristics of the respondents, in terms of age and gender. 

 

Table 1. Distribution of sample by age group and sex (%) 

Respondents 
Male 

21.63% 

Female 

78.37% 

Total 

100% 

Age    

≤  30 0.00% 0.67% 0.67% 

31-40 1.01% 10.47% 11.48% 

41-50 6.08% 31.75% 37.83% 

51-60 9.12% 30.74% 39.86% 

> 60 5.40% 4.72% 10.12% 

 

Thus this sample is composed by more female than male and more than 50% of re-

spondents are 50 or over. It reflects the profile of the European teacher published by Euro-

stat (the statistical office of the European Union) on the occasion of the World Teachers’ Day 

on 5 October 2015. Eurostat highlighted that in all EU Member States, the teachers’ staff 

was predominantly female. Female teachers were largely over-represented in the early edu-

cation stages (Italy, 95,8%). Furthemore in Italy more than half of the teaching staff had 

reached the age of 50 and over in all education levels (Report Eurostat 2015). 

 

Measurement  

Several survey items were used to construct the study variables and then the ques-

tionnaire. The questionnaire asks respondents to rate their agreement with the items about 
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the detected variables making from 1 (highly agree) to 5 (highly disagree). In order to meas-

ure PSM we used Perry’s (1996) 40-item and 6-dimension scale.  

To assure equivalence of the measures in the Italian and the English versions, all 

the scales used in this study were translated into Italian and then translated back into Eng-

lish. As regards Perry’s scale items we have positively reworded the negative items in positive 

ones. For instance we have reworded “politics is a dirty thing” in “politics is a noble thing”. 

Infact Coursey and Pandey (2007) noticed that, in the original formulated items, the terms 

‘‘politics’’ and ‘‘politicians’’induce negative reactions and tap political distrust. For instance 

we have reworded “politics is a dirty thing” in “politics is a noble thing”. 

All items associated with the measures are shown in the Appendix A.  

 

Results 

Table 2 shows the results of the PLS-PM method. All Cronbach’s alphas (or Dillon 

and Goldenstein Rho indexes) are greater than Nunnally’s (1978) suggested level of 0.7. In 

the analysis the internal evaluation method used is the reflexive method, with the exception 

of the Job Satisfaction block for which we used the formative method. Such choice was 

adopted to remedy the fact that unidimentionality has not been reached by Job Satisfaction 

variable. As a matter of fact its Cronbach Alpha index and the Dillon and Goldenstein Rho 

index aren’t at least equal to 0.7.  

 

Table 2. Blocks Unidimensionality  

 

      Type.measure  MVs  C.alpha  DG.rho  eig.1st  eig.2nd 

psm        Reflective   16    0.867    0.890       5.53    1.689 

po          Reflective    4    0.447    0.754       2.64    0.767 

js            Formative    3    0.000    0.000       2.19    0.529 

oc           Reflective    5    0.400    0.669       2.44    1.029 

qi            Reflective    3    0.918    0.948       2.58    0.299 

srp          Reflective    4    0.811    0.879       2.61    0.796 

 

  psm: Public Service Motivation, js: Job Satisfaction; oc: Organizational Commitment; po:P-   

  O fit;  QI:Quit Intention; srp: individual Performance. 

 

Table 3 shows the loadings of all items on their factors. They are in a range be-

tween .522 and .961. Although some items of PSM have reached low values (<0.5), we pre-

ferred not do delete them as they are significant in our analysis.  

 

Table 3. Outer Model 

        weights  std.loads  communal  redundan 

psm                                            

  SJ3       0.0643      0.423     0.179    0.0000 

  CD1     0.1410      0.607     0.368    0.0000 

  APM1   0.0532      0.441     0.195    0.0000 

  APM2   0.0734      0.324     0.105    0.0000 

  APM3   0.0474      0.410     0.168    0.0000 

  CPI1     0.1048      0.518     0.269    0.0000 

  CPI5     0.1117      0.615     0.378    0.0000 

  SS1       0.1054      0.617     0.381    0.0000 

  SS2       0.1434      0.599     0.358    0.0000 

  SS3       0.0948      0.601     0.361    0.0000 

  SS5       0.1500      0.773     0.597    0.0000 

  SS6       0.1089      0.667     0.446    0.0000 
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  SS7       0.1408      0.766     0.587    0.0000 

  SS8       0.1315      0.783     0.613    0.0000 

  C1        0.0900      0.483     0.233    0.0000 

  C5        0.0908      0.515     0.266    0.0000 

po                                             

  PO1    0.2700      0.780     0.608    0.0792 

  PO2   -0.2902     -0.634     0.402    0.0523 

  PO3    0.3429      0.891     0.794    0.1034 

  PO4    0.3304      0.907     0.823    0.1071 

js                                             

  OC1    0.3955      0.824     0.680    0.3501 

  OC2    0.2767      0.858     0.736    0.3791 

  OC3    0.5053      0.864     0.747    0.3846 

oc                                             

  OC4   0.3037      0.710     0.503    0.2542 

  OC5   0.3568      0.786     0.617    0.3117 

  JS1    0.2768      0.698     0.487    0.2460 

  JS2   -0.1995     -0.552     0.305    0.1541 

  JS3    0.2802      0.717     0.514    0.2595 

qi                                             

  QI1    0.3346      0.907     0.823    0.1765 

  QI2    0.3794      0.961     0.923    0.1979 

  QI3    0.3637      0.913     0.833    0.1786 

srp                                            

  SR1    0.3814      0.874     0.763    0.1383 

  SR2    0.3496      0.901     0.812    0.1471 

  SR3    0.3378      0.894     0.800    0.1450 

  SR4    0.1069      0.466     0.217    0.0393 

 

All average variance extracted (AVE) scores are above 0.5 (see Table 4), only PSM 

has a smaller value. 

 

Table 4. Summary Inner Model 

     

     LV. Type      Measure  MVs  R.square  Av.Commu  Av.Redun    AVE 

psm   Exogen       Rflct       16        0.000        0.344       0.0000      0.344 

po     Endogen     Rflct        4        0.130        0.657       0.0855      0.657 

js       Endogen    Frmtv       3        0.515        0.721         0.3713      0.000 

oc     Endogen     Rflct         5        0.505        0.485         0.2451      0.485 

qi     Endogen      Rflct         3         0.214        0.860        0.1843      0.860 

srp    Endogen    Rflct          4         0.181        0.648        0.1174       0.648 

 

psm: Public Service Motivation, js: Job Satisfaction;oc: Organizational Commitment; po:P-O fit;  QI:Quit Inten-

tion;srp: individual Performance. 

  

The observable variables (represented by the items) of the model are actual expres-

sions of the latent ones (PSM and its outcomes) to which they are linked as the correlations 

for the related latents are greater in all blocks in comparison to the correlations with the 

other latent variables (see Table 5) .  

 

Table 5. Correlations  between  Manifest Variables and Latent Variables 

                 psm       js           oc            po           qi         srp 

psm                                                         

  SJ3        0.423   0.0717   0.1673   0.1393  -0.0921   0.2411 

  CD1      0.607   0.3405   0.3871   0.3944  -0.2290   0.1676 

  APM1  0.441   0.0923   0.1770   0.1221   0.0163   0.0925 

  APM2  0.324   0.1609   0.2419   0.1575   0.0040   0.1113 
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  APM3  0.410  -0.0005   0.1801   0.0928  -0.0063   0.1588 

  CPI1     0.518   0.1613   0.2805   0.2551  -0.0900   0.2904 

  CPI5     0.615   0.1665   0.2996   0.2927  -0.1214   0.2851 

  SS1      0.617   0.2486   0.2996   0.2410  -0.0963   0.1949 

  SS2      0.599   0.2576   0.3898   0.3850  -0.1555   0.2960 

  SS3      0.601   0.1643   0.3072   0.2667  -0.0920   0.1063 

  SS5      0.773   0.3080   0.4496   0.4029  -0.2064   0.2010 

  SS6      0.667   0.2266   0.3234   0.2931  -0.1740   0.1468 

  SS7      0.766   0.2996   0.3992   0.3583  -0.1572   0.2428 

  SS8      0.783   0.2553   0.3899   0.3544  -0.1974   0.1980 

  C1       0.483   0.1896   0.2296   0.2589  -0.1181   0.1541 

  C5       0.515   0.1488   0.2219   0.2659  -0.1524   0.2104 

po                                                          

  PO1    0.234   0.7800   0.5226   0.4908  -0.2159   0.1058 

  PO2   -0.240  -0.6341  -0.3731  -0.4807  0.5687  -0.1129 

  PO3    0.363   0.8914   0.5866   0.5898  -0.3468   0.2051 

  PO4    0.313   0.9073   0.5785   0.5539  -0.3655   0.1963 

js                                                          

  OC1    0.385   0.5779   0.8244   0.5729  -0.3185   0.1997 

  OC2    0.398   0.5984   0.8578   0.6532  -0.3951   0.2166 

  OC3    0.533   0.4898   0.8640   0.6538  -0.3363   0.2657 

oc                                                          

  OC4    0.454   0.4292   0.5934   0.7095  -0.3744   0.2817 

  OC5    0.413   0.6033   0.6846   0.7856  -0.3497   0.2784 

  JS1      0.311   0.3990   0.4463   0.6979  -0.4120   0.3241 

  JS2     -0.206  -0.3430  -0.2616  -0.5523   0.4852  -0.1661 

  JS3      0.275   0.4739   0.4906   0.7167  -0.3760   0.2567 

qi                                                          

  QI1    -0.206  -0.3991  -0.3450  -0.4623   0.9074  -0.1064 

  QI2    -0.226  -0.4526  -0.4096  -0.5412   0.9608  -0.1281 

  QI3    -0.190  -0.4338  -0.3696  -0.5352   0.9127  -0.1242 

srp                                                         

  SR1     0.322   0.2519   0.3162   0.3928  -0.1678   0.8735 

  SR2     0.303   0.1302   0.1945   0.3156  -0.0991   0.9009 

  SR3     0.278   0.1689   0.2488   0.3339  -0.1354   0.8943 

  SR4     0.111  -0.0202   0.0055   0.0627   0.1401   0.4656 

 

Table 6 shows the correlations among all latent variables which are all positively 

correlated among each other, only Quit Intention is negatively related. We particularly signal 

higher values in the correlations between P-O fit and Organizational Commitment, between 

P-O fit and Job Satisfaction. 

 

Table 6. Correlations  between Latent Variables 

            psm         po        js         oc           qi         srp 

psm      1.000    0.361   0.531   0.489  -0.224   0.334 

po         0.361   1.000   0.642   0.657  -0.463   0.197 

js           0.531   0.642   1.000   0.738  -0.405   0.273 

oc          0.489   0.657   0.738   1.000  -0.555   0.380 

qi          -0.224  -0.463  -0.405  -0.555   1.000  -0.129 

srp         0.334   0.197   0.273   0.380  -0.129   1.000 

 

psm: Public Service Motivation, js: Job Satisfaction;oc: Organizational Commitment; po:P-O fit;  QI:Quit Inten-

tion;srp: individual Performance.  

 

They are all positively correlated among each other. Only Quit Intention is nega-

tively correlated. 
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The structural model in PLS is assessed by examining the path coefficients and R2 

values, after a bootstrap validation, through many replications.Table 7 shows the Bootstrap 

validation in terms of loadings.  

 

Table 7. Bootstrap Validation 

 

Loadings  

            Original   Mean.Boot  Std.Error  perc.025  perc.975 

SJ3          0.423      0.421      0.07303     0.297     0.587 

CD1         0.607      0.600      0.05129     0.505     0.693 

APM1     0.441      0.430      0.06269     0.302     0.537 

APM2     0.324      0.329      0.06922     0.212     0.476 

APM3     0.410      0.405      0.05968     0.297     0.516 

CPI1        0.518      0.519      0.07297     0.365     0.641 

CPI5        0.615      0.606      0.05399     0.507     0.701 

SS1         0.617      0.618      0.04493     0.535     0.702 

SS2         0.599      0.601      0.04396     0.522     0.678 

SS3         0.601      0.592      0.06944     0.459     0.696 

SS5         0.773      0.771      0.02647     0.718     0.819 

SS6         0.667      0.667      0.04060     0.580     0.732 

SS7         0.766      0.768      0.03222     0.710     0.828 

SS8         0.783      0.780      0.03341     0.708     0.832 

C1          0.483      0.472      0.06541     0.326     0.581 

C5          0.515      0.520      0.07191     0.407     0.660 

PO1       0.780      0.778    0.03624       0.705     0.848 

PO2      -0.634     -0.636    0.05091      -0.728    -0.547 

PO3      0.891      0.890    0.01682       0.850     0.916 

PO4      0.907      0.907    0.01596       0.867     0.931 

OC1      0.824      0.822    0.04882       0.731     0.908 

OC2      0.858      0.860    0.04102       0.766     0.937 

OC3      0.864      0.854    0.04532       0.770     0.927 

OC4      0.709      0.711    0.03999       0.634     0.779 

OC5      0.786      0.784    0.02716       0.729     0.830 

JS1        0.698      0.696    0.06155       0.561     0.782 

JS2       -0.552     -0.554    0.05578     -0.659    -0.446 

JS3        0.717      0.709    0.05789       0.585     0.804 

QI1       0.907      0.905    0.01762       0.861     0.929 

QI2       0.961      0.961    0.00579       0.949     0.969 

QI3       0.913      0.913    0.01331       0.890     0.935 

SR1       0.873      0.869    0.02317       0.815     0.908 

SR2       0.901      0.894    0.02367       0.842     0.930 

SR3       0.894      0.884    0.03632       0.800     0.937 

SR4       0.466      0.465    0.09001       0.276     0.624 

 

This validation is the standard method for testing the significance of PLS path mod-

eling results, thus it was applied to assess the statistical significance of path coefficients (Da-

vison and Hinkley 1997). In this model, regarding the R2 values of the all considered casual 

relationships, the R2 value of the relationship between PSM and P-O fit is equal to 0.1301; 

that of the relationships among Job Satisfaction, PSM and P-O fit is equal to 0.5152; that of 

the relationship  is equal to 0.5051; that of the relationship between Quit Intention and P-O 

fit is equal to 0.2144; that of the relationship among Performance, PSM, P-O fit, Organiza-

tional Commitment and Job Satisfaction is equal to 0.1813. 

The relative impact of both PSM and the P-O fit on outcomes are assessed by ex-

amining their path coefficients (see Table 8). All the path coefficients are positive, with the 

exception of the one related to P-O fit and Quit Intention. 
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 Overall, the proposed structural model provided a Goodness-of-fit (Gof) index, 

which measures the goodness of the model as a whole, equal to 0.3976  

 

Table 8. Paths 

                 Original  Mean.Boot    Std.Error  perc.025  perc.975 

psm->po      0.3608     0.3670     0.0658    0.2298     0.477 

psm->js        0.3449     0.3516     0.0629    0.2419     0.468 

psm->oc      0.2898     0.2940     0.0443    0.1972     0.370 

psm->srp     0.2146     0.2172     0.0791    0.0739     0.380 

po->js        0.5172     0.5119     0.0664    0.3876     0.629 

po->oc       0.5527     0.5548     0.0480    0.4670     0.647 

po->qi       -0.4630    -0.4604     0.0547   -0.5412    -0.376 

po->srp     -0.0904    -0.1006     0.1015   -0.2856     0.084 

js->srp       -0.0643    -0.0497     0.0966   -0.2315     0.131 

oc->srp       0.3816     0.3673     0.1018    0.1910     0.537 

 

psm: Public Service Motivation, js: Job Satisfaction; oc: Organizational Commitment; po:P-O fit;  QI:Quit Intention; 

srp: individual Performance.  

 

The range built with bootstrap percentiles that doesn’t contain zero means that the 

relationship between the variables is significant. 

Summarizing, the range built with bootstrap percentiles that doesn’t contain zero 

means that the relationship between the variables is significant. According to the individual 

paths (see Table 7), PSM had a positive and significant association with Job Satisfaction, Or-

ganizational Commitment and P-O fit, suggesting that the fit of employees with their organi-

zations, their job satisfaction and their commitment to the organization is strengthened as 

individual levels of PSM increase. Moreover, P-O fit in turn had a significant positive associa-

tion with Job Satisfaction and Organizational Commitment and a significant negative associ-

ation with quit intention. Together, this indicates that P-O fit acts as a mediator between 

PSM and employee outcomes, consistent with our process view. Contrary to expectations and 

hypothesis 4 and 9, the indirect path from PSM to Performance through P-O fit and Job Sat-

isfaction is not supported by the data used in this study, while the Hypotheses 

1,2,3,5,6,7,8,10 and 11 are supported. We will return to this result in our discussion section. 

 

Discussion and conclusion 

 

This research study is a contribution to the vastly and worldly studied processes 

which link PSM to Performance, and more specifically those processes which more signifi-

cantly link PSM to employee outcomes, such as Job Satisfaction, Organizational Commit-

ment, P-O fit, and Quit Intention. To that purpose we created a Conceptual Model that see 

these four variables as a sort of mediators between PSM and Performance to find out how 

they interact and to what extent one is more significant in respect to the others when con-

tributing to better performance.   

First and foremost our findings show the secondary role of P-O fit which doesn’t 

operate (i) as a direct linking variable connecting PSM to the individual employee’s perfor-

mance so that we can state that PSM has a direct effect on Performance, and (ii) also oper-

ates as a mediator between PSM and Organizational Commitment in the sense that it bears 

heavily on some employee outcomes so that these can significantly influence performance.  
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We can easily imagine the reasons of the crucial role of P-O fit, which, in a nut-

shell, lie in its own definition, i.e. the congruence between an organization’s values and the 

values of its employees. Such values keep organization and employees strictly linked to each 

other providing the positive influence on performance studied by Barnard (1938) and avoid-

ing disadvantages such as the cost of employees’ turnover studied by Dess and Shaw (2001), 

and tacit or explicit export of the organization’s know-how through departing employees 

studied by Cascio (1999). 

The mediating role of the P-O fit variable does not mean that there is no direct ef-

fect of PSM on outcomes. Our Conceptual Model does show this more in general, because 

motivated employees are aware of the fact that their employment provides them with a good 

opportunity to “do good for others and for society”, but we also know that employees with 

greater PSM are expected to be more satisfied with their jobs, and committed to their organ-

ization. Moreover, when we come to analyze the indirect effect of PSM, our data say it affects 

performance but mainly through the individual-level attitude, i.e. Organizational Commit-

ment. Our conclusions then are as follows: 

 

(i)The importance of the interplay of the various variables which have their bearing 

upon the final result of the PSM-Performance process. Our data demonstrate that 

all the ones taken into consideration contribute to the value of Performance and 

cannot be excluded from the process itself. To be extremely examplative, if some-

thing goes wrong in one of the variables, it may result in an employee’s quitting 

the organization thus starting a domino effect; 

(ii)The pivotal role of P-O fit on the employee outcomes which in turn work towards 

better performance. This role highlights the relationship between the organization 

and the individual employee. On this relationship we will base our discussion here-

after outlined.   

 

The high compatibility and convergence between the objectives and values of an 

organization and those of its employees turns out to become a satisfaction-dissatisfaction 

relationship. It is then clear that the management must contribute to create an environment 

where employees are satisfied with their work and role and mainly committed within the 

organization they belong to.  

It’s necessary to investigate the factors which are likely to affect the Organizational 

Commitment among public teachers. Factors affecting the Organizational Commitment may 

include rewards, support from supervisor, promotion opportunities, favorable conditions of 

the job, including relationship among workers. These factors refer to the organizational con-

text or environment in which the employee work. In order to remove the factors which 

doesn’t lead an employee to an organizational commitment, a careful objective analysis on 

the workers is necessary. Substantially this analysis aims at identifying the sources of com-

mitment which can jeopardize the employee outcomes of the process which poses correct 

PSM as the starting point for successful performance. 

This study has a few limitations in this study. One limitation pertains to cross sec-

tional data. This type of data doesn’t allow us to compare results different times. Moreover 

our results revealed R2 values not excessively high. It means among other things that PSM is 

a significant predictor of P-O fit, but not the most important predictor. Thus, there are other 

drivers which lead to and could increase the congruence between employees and their or-
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ganizations and many human resource management (HRM) practices could be tested by 

public administration scholars to evaluate this congruence and to reinforce the employees’ 

identification with the organization’s culture/values. 

 

Further Research 

 

Future researches need to better explore the P-O fit process. Furthemore it would 

be interesting to study if PSM directly influences Turnover intention. To date , as far as we 

know there is only one study (Shim et al., 2015). 
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Appendix A 

 

Measurement of study variables.  

The source of items is given in brackets. 

Job Satisfaction (Moynihan & Pandey, 2007) 

All in all, I am satisfied with my job 

In general, I don’t like my job 

In general, I like working here 

 



 

Quantitative Methods Inquires 

 

 
16 

 

Organizational Commitment (Benkhoff, 1997) 

I would not leave my organization right now because I have a sense of obligation to the people in it 

I am willing to put in a great deal of effort beyond that what is normally expected in order to help this organization 

to be successful 

I am proud to tell others that I am part of this organization 

I find that my values and the organization’s values are very similar 

In my school, I feel I am part of a family 

Self-reported Performance (Vandenabeele,2009).  

In my opinion, I contribute to the success of the organization 

I think I am performing well within this organization 

I think I am a good employee 

On average, I work harder than my colleagues 

 

Public Service Motivation (Perry, 1996) 

I believe that there are many public causes worth championing. 

I am willing to go great lengths to fulfill my obligations to my country. 

Politics is a noble word.  

I’m very interested in giving and taking of public policy making. 

I care much for politicians.  

It isn’t  hard for me to get intensely interested in what is going on in my community 

I consider public service my civic duty 

Making a difference in society means more to me than personal achievements. 

I believe in putting duty before self. 

Doing well financially is definitely more important to me than doing good deeds. (Reversed) 

Serving citizens would give me a good feeling even if no one paid me for it. 

I feel people should give back to society more than they get from it. 

I am one of those rare people who would risk personal loss to help someone else. 

I am prepared to make enormous sacrifices for the good of society. 

I am often moved by the plight of the underprivileged 

There are a lot of public programs that I wholeheartedly support 

 

Self-reported Performance/Individual  Performance (Vandenabeele,2009).  

In my opinion, I contribute to the success of the organization 

I think I am performing well within this organization 

I think I am a good employee 

On average, I work harder than my colleagues 

 

Person-Organization fit (Kim 2012) 

The things that I value in life are very similar to the things that my organization values. 

My personal values match my organization’s values and culture.   

My organization’s values and culture provide a good fit with the things that I value in life. 
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Abstract 

The Michaelis-Menten kinetics is a well-known model in biochemistry, widely used in enzyme-

substrate interaction (Nelson and Cox, 2008). The same mathematical formula is called 

Langmuir equation (Masel, 1996) when is used to model generic adsorption of chemical 

species, and finally, an empirical equation of this form is applied to microbial growth and it is 

called J. Monod kinetics (Martinez-Luaces, 2008). 

A typical problem in chemistry and/or biochemistry consists in determining the parameters of 

these equations from experimental data. In order to solve this problem, several methods were 

proposed, Lineweaver-Burk, Hanes-Woolf, Hofstee, Scatchard and Cornish-Bowden-Eisenthal 

are the most important ones (Nelson and Cox, 2008). 

In this paper, all these methods are analysed and compared in terms of exactitude and 

precision. For this purpose, simulated data were generated and perturbed using Gaussian 

noise with different amplitudes. The same methodology was used in a previous work 

(Martinez-Luaces, 2009).  

Absolute and relative errors of the different methods are compared, and taking into account 

the results, general conclusions about their robustness are obtained. This is particularly 

important in order to choose the best method when the relation between trend and noise tends 

to increase.  

 

Keywords: Chemical and biochemical models, Data simulation, Gaussian noise.  

 

 

Introduction  

The non-linear mathematical formula  

bx

xa
y


   (Eq. 1)   is widely used in chemis-

try and biochemistry for different purposes. For instance, the Michaelis-Menten kinetics is a 
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well-known model in biochemistry of the form    

 
 SK

Sv
v

m 
 max

0    (Eq. 2)   where  0v   and   

maxv    are the initial and the maximum velocity of the enzymatic reaction,  S  is the sub-

strate concentration and  mk  is a constant (called Michaelis constant), which depends on the 

enzymatic reaction considered (Nelson and Cox, 2008). 

Irving Langmuir, a Nobel Prize winner in chemistry, developed an equation that re-

lates the coverage or adsorption of molecules on a solid surface to gas pressure or concen-

tration of a medium above the solid surface at fixed temperature (Masel, 1996). The equa-

tion is   

P

P









1
 (Eq. 3), where   is the fractional coverage of the surface, P  is the gas 

pressure (or concentration in the case of liquids) and   is a constant. A very simple algebra-

ic manipulation gives  

P

P








1

   (Eq. 4)    which is just a particular case of (Eq. 1).  

The last example is a mathematical model for the growth of microorganisms pro-

posed by Jacques Monod in 1949. The mathematical formula is    

SK

S

S 
 max

    (Eq. 5)    

where      is the specific growth rate of microorganisms and  max    represents its maxi-

mum value, S  is the concentration of the limiting substrate for growth and,  SK   is called 

the “half-velocity constant” (Martinez-Luaces, 2008 and Martinez-Luaces, 2009) since it cor-

responds to the value of   S    when    

2

1

max





   as well as the constant   mK    in (Eq. 2). 

The Monod equation has the same form as the Michaelis-Menten equation, but it 

was developed empirically whereas the Michaelis-Menten model is based on theoretical 

considerations. 

A typical problem that arises in the treatment of data corresponding to these equa-

tions is the parameters determination since all of them are non-linear models. In order to 

solve this problem, several methods were proposed to linearize these equations, Lineweaver-

Burk, Hanes-Woolf, Eadie-Hofstee, Scatchard, and Eisenthal and Cornish-Bowden are the 

most important ones. 

In this paper, all these methods will be compared in terms of exactitude and preci-

sion, using simulated data perturbed with Gaussian noise with different amplitudes. The 

details of this procedure will be described in the following section. 

 

Data Simulation 

 

Since equations (2), (3) and (4) represent the same mathematical model (Eq 1), we 

choose one of them (the Michaelis-Menten equation) to show the methodology to be fol-

lowed, so the parameters will be  MK    and   maxV    and variables will be  [S]  and  0v .   For 

simplicity the notation in this paper will be  MK ,  MV ,  S   and  0V  , respectively. 
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Different enzymes have different  MK  values. They typically range from 
110
 to 

M710
 , so 10MK  can be considered as a typical value  depending on the units em-

ployed (for example  MmM 21010    or even  MM 51010    are both possible values, 

although they are very different). On the other hand  MV  , the maximum velocity depends 

on a constant named  CatK ,  and  tE   the  total enzyme concentration , like in    

 tCatM EKV      (Eq. 6). The constant   C a tK   can vary between   15.0 s    and  

 140000000 s    so, once again, it is difficult to propose a “typical value” for   MV . Thus, 

we decided to consider   100MV   which may be taken as a typical value if units are  

min
M

 . 

Then, a Gaussian noise with different amplitudes was superimposed to the theoret-

ical data obtained from (Eq 2) with  100MV  , 10MK   and S  varying from 0 to 30. The 

graphics in Figure 1 show the simulated curves with the Gaussian noise multiplied by 2, 3 

and 4. 

 

Figure 1. Initial velocity vs Substrate concentration. Simulated curves. 

 

 

 

These simulated data will take the place of the real experimental data and they will 

be used to determine the parameters MK  and MV  ,which real values are known, so the 

different methods could be compared in terms of exactitude and precision. 
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A similar methodology was followed in a previous paper (Martinez-Luaces et al., 

2006) for Electrochemical Noise studies. More recently, in a mathematical modelling paper 

(Martinez-Luaces, 2015) this methodology was utilized for educational purposes. 

 

Methods for obtaining the parameters in Michaelis-Menten equation 

 

Several methods were proposed for linearizing the Michaelis-Menten equation. 

Perhaps the simplest one is the Lineweaver-Burk (or double reciprocal plot), which is a 

graphical representation of 

0

1

V
 vs. 

S

1
 (Nelson and Cox, 2008). It is easy to observe that the 

reciprocal of (Eq 2) gives    

MM

M

VSV

K

V

111

0

    (Eq.7)   so, the  x  intercept of the graph 

represents  

MK

1
    and the  y  intercept is equivalent to the inverse of  MV  . An alterna-

tive way is to obtain the coefficients of a linear regression (i.e.  

M

M

V

K
 and  

MV

1
)  and finally 

get the  MK   and  MV  .  

The obtained results are summarized in Table 1, with the corresponding absolute 

and relative errors. 

 

Table 1. Absolute and relative errors for the Lineweaver-Burk method 

Noise  Lineweaver-Burk  Method 

Km Vm Absolute 

error  Km* 

Absolute 

error  Vm* 

Relative 

error Km* 

Relative  

error Vm* 

Amplitud Noise 1 12.5936237 112.8575325 2.5936 12.8575 0.2594 0.1286 

Amplitud Noise 2 17.1811787 135.3073339 7.1812 35.3073 0.7181 0.3531 

Amplitud Noise 3 27.4897736 185.3756073 17.4898 85.3756 1.7490 0.8538 

 

A second methodology was posed by Hanes and Woolf. These researchers pro-

posed to plot 

0V

S
 against S , since a rearrangement of (Eq. 1) gives 

M

M

M V

K

V

S

V

S


0

    (Eq. 

8). Once again, a linear regression gives the coefficients  

MV

1
  and  

M

M

V

K
  and lastly they 

can be used straightforward to obtain  MV   and  MK .  

The results of this method can be observed in Table 2 

 

Table 2. Results corresponding to Hanes-Woolf method 

Noise 

 Hanes-Woolf Method 

Km Vm 
Absolute 

error  Km* 

Absolute 

error  Vm* 

Relative 

error Km* 

Relative  

error Vm* 

Amplitud Noise 1 10.1840993 100.685067 0.1841 0.6851 0.0184 0.0069 

Amplitud Noise 2 10.4974793 101.751327 0.4975 1.7513 0.0497 0.0175 

Amplitud Noise 3 11.0019191 103.400162 1.0019 3.4002 0.1002 0.0340 
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A third method is due to Eadie and Hofstee. They inverted (Eq. 2) and multiplied by 

MV   obtaining   

S

SK

V

V MM 


0

 (Eq. 9)  and a rearrange gives  0
0 V

S

VK
V M

M    (Eq. 10)    

or   MM V
S

V
KV  0

0    (Eq. 11).   

A plot of    0V   against   

S

V0
   will yield   MV   as the y intercept and  MK    as 

the slope of the straight line. Alternatively, a linear regression will give coefficients  MK    

and   MV   from where the parameters are easily obtained as it is showed in Table 3 with the 

corresponding absolute and relative errors. 

 

Table 3. Parameters and errors corresponding to Eadie-Hofstee method 

Noise 

 Eadie and Hofstee Method 

Km Vm 
Absolute 

error Km* 

Absolute 

error  Vm* 

Relative 

error Km* 

Relative  

error Vm* 

Amplitud Noise 1 10.16691318 100.637843 0.1669 0.6378 0.0167 0.0064 

Amplitud Noise 2 9.911745044 99.38537855 0.0883 0.6146 0.0088 0.0061 

Amplitud Noise 3 9.231519446 96.2503578 0.7685 3.7496 0.0768 0.0375 

 

The Scatchard plot can be obtained from (Eq 11), that can be multiplied by 

MK

1
  

to give: 

M

M

M K

V

S

V
V

K
 0

0

1
 (Eq. 12) or  

M

M

M K

V
V

KS

V
 0

0 1
 (Eq. 13). Once again, a 

linear regression will give a slope   

MK

1
    and a y intercept    

M

M

K

V
  . 

As in other methods  MK   and  MV   can be reached from these coefficients and 

compared with the theoretical values  10MK   and 100MV . Table 4 shows the results. 

 

Table 4. Results corresponding to Scatchard method 

Noise 

 Scatchard Method 

Km Vm 
Absolute 

error  Km* 

Absolute 

error  Vm* 

Relative 

error Km* 

Relative  

error Vm* 

Amplitud Noise 1 10.4434129 101.877116 0.4434 1.8771 0.0443 0.0188 

Amplitud Noise 2 11.0831493 104.616199 1.0831 4.6162 0.1083 0.0462 

Amplitud Noise 3 11.9679929 108.424515 1.9680 8.4245 0.1968 0.0842 

 

The final methodology to be discussed here is the Eisenthal and Cornish-Bowden 

direct linear plot. In this original approach (Eq. 4) is rearranged to give    1
0


S

K

V

V MM
  

(Eq. 14)   so if   MV   is plotted against  MK   a straight line is obtained and the x intercept 

is  S  while the y intercept is   0V  .  
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Then, for each observation   0,VS   a straight line is obtained. Theoretically all 

these lines will intersect at a common point, whose co-ordinates   MM VK ,   provide the 

values of the parameters. When the observations are subject to error there will be  

 1
2

1

2









nn

n
  (Eq. 15)   intersections.  

Each intersection provides an estimate of  MK  and an estimate of   MV   , then the 

corresponding medians will give the best estimate for  MK  and  MV  , respectively. The re-

sults of this procedure are given in Table 5. 

 

Table 5. Results and errors corresponding to Cornish-Bowden and Eisenthal method 

Noise 

Cornish-Bowden & Eisenthal Method 

Km Vm 
Absolute 

error  Km* 

Absolute 

error  Vm* 

Relative 

error Km* 

Relative  

error Vm* 

Amplitud Noise 1 10.0167 100.3243 0.0167 0.3243 0.0017 0.0032 

Amplitud Noise 2 9.8727 99.7177 0.1273 0.2823 0.0127 0.0028 

Amplitud Noise 3 9.6059 98.5973 0.3941 1.4027 0.0394 0.0140 

 

Results 

 

The results of five different methods were showed in Tables 1-5 in the previous sec-

tion. In order to compare all these results, Table 6 shows the minimum absolute and relative 

errors in MK   and   MV    and which methodology was the best in each case, depending on 

the noise amplitude.  

 

Table 6. Comparison of the results for the different methods 

Noise 
Min.  abs. 

error Km 

Min.  abs. 

error Vm 

Min. rel. 

error Km 

Min. rel. 

error  Vm 

Min. abs. 

Error Meth-

od Km 

Min. abs. 

Error 

Method Vm 

Min. rel. 

Error Meth-

od Km 

Min. rel. 

Error Meth-

od Vm 

Amplitud Noise 1 0.0167 0.3243 0.0017 0.0032 CBE CBE CBE CBE 

Amplitud Noise 2 0.0883 0.2823 0.0088 0.0028 H CBE H CBE 

Amplitud Noise 3 0.3941 1.4027 0.0394 0.0140 CBE CBE CBE CBE 

 

 

The method due to Eisenthal and Cornish-Bowden was the best one in all cases, 

except when the Gaussian noise had double amplitude and  MK   is the considered parame-

ter. In this last case, Eadie and Hofstee’s method obtained the minimum absolute and rela-

tive error in the parameter MK  , but not  in  MV    where once again Eisenthal and Cornish-

Bowden gave the best estimate. 

This last method does not seem to be as simple as the others and the number of in-

tersections grows quadratically – since     21
2

1

2
nOnn

n









  – demanding more com-

putation time than other simpler methodologies. On the other hand, it gives the best results 

in all the cases except one, for both parameters  MV   and MK  . 
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Conclusions 

 

In the previous sections several data for initial velocity and substrate concentration 

were simulated. For this purpose, typical values of the parameters  MK   and  MV   were 

proposed and the theoretical values obtained were perturbed with Gaussian noise of differ-

ent amplitudes. These simulated values were used to check five different linearization meth-

ods for the Michaelis-Menten equation. The best results were obtained by the methodology 

proposed by Eisenthal and Cornish-Bowden. 

This result can be explained because the original data    0,VS   are not trans-

formed like in other methods where reciprocal quantities, product, etc., are performed be-

fore plotting the data, diminishing the possibility of errors propagation. Moreover, taking 

medians of the intersection points co-ordinates may give more robustness to this method, 

since medians are not sensible to extreme values (Janke and Tinsley, 2005). The same situa-

tion happens with outliers, because the mean can be completely upset by a single outlier, 

while the sample median is little affected for these values that are absolutely different in 

relation to the majority of the sample. 

Another aspect that must be considered is that several methods with a poor per-

formance like Lineweaver-Burk may be useful for other purposes. For instance, Lineweaver-

Burk’s plots allow the researcher to know if there is an inhibitor and if it is competitive or 

uncompetitive (Nelson and Cox, 2008). This possibility was analyzed in detail in a paper 

written by Dixon (1953).  

A different approach was proposed 20 years later by A. Cornish-Bowden who pro-

vided a simple way of determining the inhibition constant of an uncompetitive, mixed or 

non-competitive inhibitor (Cornish-Bowden, 1974). 

Taking into account the previous comments, the errors (relative and absolute) of 

the different methods are an important aspect to be considered, but not the unique one, 

particularly if inhibition is taking place. As a consequence, the final election of the method-

ology to be used will depend on the objectives of the research project. 
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Abstract 

This work is one of works trying to understand, and to assess the differences of children 

educational achievement by genre. In fact, this work tries to find answers of two sequential 

questions: can we accept the hypothesis, often allowed, which stipulates that boys are more 

performing than girls in science subjects? If yes, how to analyze a possible difference in terms 

of its determinants? In this regard, we’ll try to explain the achievement differences between 

boys and girls in the 4th year of primary using TIMSS-2011’s database. The applied 

methodology is the decomposition developed by Oaxaca and Blinder (1973), and generalized 

by Neumark (1988) and Oaxaca and Ransom (1988, 1994). Even if our results confirm that 

the girls are more performants than boys, the performance of the educational system and 

Moroccan is still very mediocre in general. 

 

Keywords: Achievement, education, gender gap, Morocco, TIMSS 

 

 

Introduction 

 

The establishment of an educational system able to integrate children is indispen-

sable to the development of the national scientific and technological productivity, and there-

fore to the socio-economic development. Then, thinking about the scientific knowledge, and 

performance, among young children is necessary to understand the mechanisms of basic 

knowledge transmission and to elaborate a better scientific policy. 

In many developing countries, including Morocco, the insufficiency in term of en-

rolment is present in all regions, particularly within the country side. Illiteracy touches an 

important number of individuals. Even worse, no social development means can be realized 

without investing in the population, particularly through knowledge diffusion, extending pos-

sibilities and choices, and eliminating barriers separating citizens from their goals
1
.  

From this viewpoint, Morocco has claimed, since the end of 1990, the implementa-

tion of a societal project of sustainable development, centered on the human capital, and 

the reconciliation between the imperative of economic competitiveness and the requirement 

of the social equity and the democratic participation in a context characterized by a sustain-

ability of resources (the initiative was, and is still, supported by the highest political authority 
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of the country: “the king MOHAMED VI”). This awareness of the need of the education sys-

tem development, added to voluntarily to make of the children learning a lever of the socio-

economic development, pushed the Moroccan authorities to deploy considerable efforts 

which results caused an undeniable advances in terms of access (enrolment rates)
2
. 

In spite of this quantitative aspect, the problem of educational achievement evalua-

tion by gender has retained the attention for several decades. It was primarily a problem of 

girls’ poor performance. Now, the problem is become a problem of boys’meager perfor-

mance. Even if there is no visible difference between girls and boys in regard to the intelli-

gence and the general skills, the discrepancy of the educational path of girls and boys in 

matters of math and science achievement is remarkable, especially within the countries of 

the MENA region (TIMSS 2011 : Trends in International Mathematics and Science Study).
3
 

This work is one of works trying to understand, and to assess the differences of 

children educational achievement by genre. In fact, this work tries to find answers of two 

sequential questions: can we accept the hypothesis, often allowed, which stipulates that boys 

are more performing than girls in science subjects? If yes, how to analyze a possible differ-

ence in terms of its determinants? In this regard, we’ll try to explain the achievement differ-

ences between boys and girls in the 4th year of primary using TIMSS-2011’s database. The 

applied methodology is the decomposition developed by Oaxaca and Blinder (1973), and 

generalized by Neumark (1988) and Oaxaca and Ransom (1988, 1994).  

For the Moroccan context, this work presents a double interest: 

 

o On the methodological level: this contribution is, to our knowledge, one of the first 

applications of the micro-econometric approach in Morocco ; 

o On the analytical level: the results of this work come to supplement the rare evalu-

ation works (A. Ibourk; 2012 and 2013), and to guide the public actions and 

measures which aim to improvethe performance and the quality of the school sys-

tem, particularly the science subject teaching and learning in primary. 

 

This paper is structured as follow: 

The first section overflew the literature review concerning the children school 

achievement by gender. The second section presents a brief overview of the TIMSS-2011’s 

database. Then, we expose the used methodology, and we analyze the variances in order to 

identify the differences between girls and boys according to the type of school, the communi-

ty and the region. Finally, we are trying to explain these differences. A final section con-

cludes. 

 

 

 

The gender-gap in mathematics and science subjects:  

literature review 

 

The present literature review exposes some of publications dealing with gender 

gaps in matter of educational achievement and development, particularly scientific achieve-

ments at the primary. 

Questions concerning school achievement’s gender-gap have always captivated 

great interest among researchers, policy makers, and all educational system stakeholders in 
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general (Arnot et al, 2003).  Some authors (Lajoie, 2004), argue that researches carried out 

- among girls and boys- over the past few years show some similarity in terms of intellectual 

abilities. Others, based on the brain development researches, claim that female babies ac-

quire an extensive vocabulary more quickly than boys, and then they succeed easily in cer-

tain subjects (Duru-Bellat, 2004; Lemery, 2007; Fize, 2003). 

Additionally, there are some other variables, rather than those correlated to per-

sonal skills, that explain the variability and the amplitude of the gender gaps in school 

achievements. The comprehension of the mechanisms of interaction between those variables 

is very appalling since we know that primary school achievements influence the overall edu-

cational pathway, particularly the future completions in the scientific subjects. The following 

paragraphs suggest and describe some variables that can impactthe school achievement’s 

gender gap. 

 

1. The effect of the nursery school 

The first years of human development constitute a criticalstage of the scientific skills 

development. Skills and competencies that are acquired during this period influence signifi-

cantly the children school achievements at the primary school and beyond it (McWayne, 

Green, &Fantuzzo, 2009) and (Klibanoff & al, 2006)  this is why encouraging young children 

to learn is something much more valuable than giving them the ability to read fairy story. 

More and more evidences demonstrate that the mathematics and the sciences achievements, 

in the pre-school cycle,are significantly determining regarding the future achievements. From 

this viewpoint, Duncan & al. (2007) discovered that the skills acquired in primary and nursery 

school in mathematics -based on a six longitudinal studies’ analysis- were very indicatingvis-

à-vis the later achievements in this science. Additionally, recent longitudinal studies show 

that the calculation skills developed in thenursery school are very revealing of the future 

children’s performances in the primary school (Aunola, Leskinen, Lerkkanen, &Nurmi, 2004 ; 

Desoete &Grégoire, 2007 ; Jordan, Kaplan, Locuniak, &Ramineni, 2007).  “In gen-

eral,children develop strong and deep knowledge in mathematics and science during their 

early development”, said Ginsburg, Lee, and Boyd (2008).  

 

2. The effect of the parents’ involvement: home based school support, 

books’ provision, media and hardwareaccessibility 

A large number of researchesaffirmthat the parent support, in the school and at 

home, has a positive impact on the achievement of their children (X. Fan & Chen, 2001; 

Jeynes, 2003, 2005; Nye, Tuner, & Schwartz, 2007; Seneschal, 2006).  In spite of the signifi-

cant number of research focused on literacy, there now more and more studies concern-

ingchildren’smathematics and science achievement. Those researches demonstrated that the 

various aspects of the parent involvement at home (for example, the expectations of the par-

ents, the parent-child communication, encouragement regarding mathematics and science 

learning, and the educational media provision: office, computer, books...) are highly corre-

lated to the improvement of the mathematics and science achievements in primary school (X.  

Fan & Chen, 2001; Fantuzzo, King, and Heller, 1992; becomes & al, 1983; Jeynes, 2003, 

2005; Nye & al, 2007). Grolnick, Ryan &Deci (1991) have hand out the hypothesis suppos-

ing that theparents involvement influences mainly the children attributes and behavior, these 

laterimpactthe children’sschool achievements in mathematics and science. Similarly, the 

hypothetical framework provided by Hoover-Dempsey and Sandler (1995, 1997) suggested 
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that the parents involvement increases the children intrinsic motivation vis-à-vis science and 

mathematics learning, and also improve the children self-regulation and self-efficacy, and 

therefore improve the school achievements. 

 

3. The effect of the parents’ literacy 

“The cultural capital consideration is most often done by taking into account the par-

ents' education” (Murat, 2009).  In effect, the parents’education level, particularly the moth-

er’s one, is one of the most decisive factors of the child skills development; the father’s one 

has more influence on the child school achievements (Morin Justine, 2012). 
4
 

 

4. The effect school 

Bressoux (1995) showed that the family is not the only variable that influences the 

child’s schoolachievements.He advanced that the school’s climate is highly preponderant in 

term of achievement level. Thus, Grisay (1997) emphasizes that the intrinsic characteristics of 

the institutions staff can influence their performance. According to this theory, the child’s 

results depend on the type of school attended. In effect, François and Poupeau (2008) have 

asserted that schools are subjectedto their social, economic, technological, cultural and polit-

ical environment.However, they focused on the analysis of the spatial localization and its 

weight on the gender gap in school achievement.  

 

5. Teacher’s effect 

According to this approach, the academic performance of students depends on 

their teachers; that is to say their level of competence, their professional experience, and 

their teaching methods (Bressoux et al, 2007). Other studies have shown that girls achieve 

their mathematics’ tests better than boys when the examiner is a woman (Pedersen, 1968), 

and even when the examiner committee is mixt (Hoffman, 1961), while the committee ex-

pect better results for boys (Feldman-Summers, 1974). 

The methodology will try to explain the interconnection between the variablespres-

ented in the literature above and the gender gap in mathematics and science achievement if 

it exists. Before this, we’ll present the TIMSS-2011’s survey in the following section. 

 

Mathematics and science studies: performance and gender gaps 

among the participating countries (TIMSS-2011) 

Trends in International Mathematics and Science Study –TIMSS- aresome kind of in-

ternational assessments of the students’ mathematical and scientific knowledge across the 

world. TIMSS is an international survey which aimed to assess “the ability to understand and 

to use the forms of mathematical and scientific skills”. It targets the students of the 4th year 

having more than 9.5 yearsin average during the tests. The study carried out in 2011 shows 

that most of the participating countries have recorded “good” average scores either in math-

ematics thanscience: 30 countries have an average score higher than 500 in science, and 27 

countries in mathematics. All the participating countries belonging to the MENA regionhave 

less than 500 points in average score in both mathematics and science. South Korea and 

Singapore occupied the two first rows in mathematics and science, while Yemen and Moroc-

co occupied the two last positions.  

In addition, the gender gaps don’t exceed 10 points -for 37 countries- of absolute 

difference in science; this difference is 42 in mathematics. This significant number of coun-
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tries, having a gender gap of 10 points or less, confirmed that girls and boys achievements 

in mathematical and scientific knowledge -basic and algebraic calculation knowledge- are 

comparable (Armstrong, 1981).  Girls’ superiority is found only among MENA; the gaps in 

the other regions, and/or countries, are somewhat not significant and the scores may be 

comparable (see TIMSS-2011 report).  Indeed, most salient gaps were discovered within the 

MENA region countries (in mathematics: Oman(26), Kuwait
5
 (35); in science: Bahrain (23), 

Tunisia (25) Qatar (26) Yemen (27) Oman (34) KSA (48) Kuwait (53)). 

The figures below give an overview of the results obtained by the participating 

countries as well as the relationship between these results and the gender gaps:  

 

 

Figure 1. Relation between the scores in mathematics and the gender gap 

 

Either in mathematics or science, most of the MENA region’s countrieshave a 

highproportion -a model- of students unable to attain thenormal level of knowledge acquisi-

tion. In fact, none of the region countries have been able to achieve an average score equal 

or greater than 500 points.This fact explains partially the scientific and economic
6
 gaps be-

tween the region countries and the other participating countries. On the other hand, in this 

era where the economy of knowledge is a particularly necessaryfor development, it’s crucial 

to develop the intangible assets, the human capital, and generallyall activity related to edu-

cation, science, research and innovation...  

Nowadays, countries are continuallylooking for positioning themselveswithin the 

globalized knowledge economy. Only countries that are building a comprehensive strategy 

based on anintegrated vision, where public policies aim the qualification of the man, can 

conserve their socio-economic viability. 

Each period of the human development brings with it new skillsdemands, new chal-

lenges and new opportunities for personal growth. Along the human lifecycle, the primary 

school presents a crucialperiodfull of new challenges concerning the acquisition of the basic 

tools for learning, and in term of personal skillsdevelopment. Then, achievements in science 

and mathematics influence significantly the human development level of a country. As a final 
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point, we can approvethat the development of the children’s scientific knowledge is an es-

sential ingredient for the human development: more the children capitalize scientific 

knowledge; the more the country may be developed. 

 

 

Figure 2. Relation between the scores in science and the gender gaps 

 

Aware of this causality, the impossibility of realizing an economic and social devel-

opment without having a population that decrypts, filtrates, and uses the extensive-

knowledge; Morocco have to conceive and implementsome actions in orderto promote and 

improve the quality of the primary education. With this in mind, any approach that isn’t tak-

ing into account the differentiation between boys and girls -in their successes and their fail-

ures- would make a little effective positive change (Brown, 2006; Francis & Skelton, 2005; 

Martens Lingard, Martino, Mills & Bahr, 2002; Martino &Kehler, 2007). 

 

 

Figure 3. The relationship between the playback capability of children  

and human development 
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Gender gaps in mathematics and science: micro econometrics analysis 

 

1. Methodology: methods and formulas  

The counterfactual decomposition technique popularized by Blinder and Oaxaca 

(1973) is widely used to study mean outcome differences between groups. This document 

uses the technique in order to explain the gender gap in science and mathematics’ achieve-

ments in Morocco (students issued from the 4th year primary).     

Before analyzing the gender gap in reading regarding certain factors, this sub-

section aims to give an overview of the Blinder-Oaxaca decomposition. 

Given are two groups A and B (girls and boys), an outcome variable Y, and a set of 

explanatory variables X1: Xn . The question is to know how much of the mean outcome dif-

ference: 

 R = E(YA ) − 𝐸(YB ) (1) 

Where E(Y) refers to the expected value of the outcome variable, and is accounted 

for by group differences in the predictors, based on the following linear model: 

 Yg  = X′gβg + εg, E(εg ) = 0 , g ∈ {A , B} (2) 

Where X is a vector containing the predictors and a constant, the β vector contains 

the slope parameters and the intercept, and εg represents the error. The mean outcome dif-

ference can be groups in Y can be expressed as following: 

 R = E(YA ) − 𝐸(YB ) = E(XA )′βA − 𝐸(XB )′βB (3) 

In order to identify the contribution of group differences in predictors to the overall 

outcome difference, equation (3) can be rearranged as follows (see Winsborough and Dick-

inson, 1971; Jones and Kelley, 1984; Daymont and Andrisani 1984): 

 

 R = [E(XA ) − 𝐸(XB )]′βB + E(XB )′(βA − βB) + [E(XA ) − 𝐸(XB )]′(βA − βB) (4) 

This is a “three-fold” decomposition, that is, the outcome difference is divided into 

three parts: 

 R = E + I + C  

o The first part amounts to the part of the differential that is due to group differences 

in the predictors (the “endowments effect”): 

 E = [E(XA ) − 𝐸(XB )]′βB  

o The second component measures the contribution of differences in the coefficients 

(including differences in the intercept): 

 I = E(XB )′(βA − βB)  

o The third summand is an interaction term accounting for the fact that differences in 

endowments and coefficients exist simultaneously between the two groups: 

 C = [E(XA ) − 𝐸(XB )]′(βA − βB)  

The decomposition (4) is formulated from the viewpoint of the group B. Of course, 

the difference can be expressed in a similar manner from the viewpoint of the group A, 

which gives the following decomposition: 
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 R = [E(XA ) − 𝐸(XB )]′βA + E(XA )′(βA − βB) + [E(XA ) − 𝐸(XB )]′(βA − βB) (5) 

The estimation of the components of the decompositions (4) and (5) is straightfor-

ward. Let β̂A and β̂B be the least squares estimates for βA et βB, obtained separately from the 

two group-specific samples. Furthermore, use the group means X̅A et X̅B as estimates for 

E(XA ) and E(XB ). Based on these estimates the decompositions (4) and (5) are computed as: 

 

 R̂ = Y̅A − Y̅B = (X̅A −  X̅B)′β̂B +  X̅′B(β̂A − β̂B) + (X̅A − X̅B)′(β̂A − β̂B) (6) 

and 

 R̂ = Y̅A − Y̅B = (X̅A −  X̅B)′β̂A +  X̅′A(β̂A − β̂B) + (X̅A − X̅B)′(β̂A − β̂B) (7) 

 

So far, these methods of decomposition have mainly been applied in the context of 

linear regression models. However, in many cases, the explanation of themean outcome 

differences requires non-linear estimation. So, the OLS estimates become inconsistent.  

If one is interested in the marginal effects of a latent censored outcome variable Y, 

the strategy would be to use the Tobit estimator in the standard Blinder-Oaxaca decomposi-

tion in equations (4) and (5).  However, the conventional decomposition method leads to 

erroneous predictions of the components of the decomposition equation if we aim at analyz-

ing the observable corner solution outcome variable. In this case, an alternative decomposi-

tion method must be applied (see Bauer and Sinning, 2006).
7
 

 

2. The data  

This work useindividual data, obtained from the TIMSS-2011’s survey, concerning 

5893 students issuedfrom the 4th year of primary and belonging to 273 schools. Girls repre-

sent 47% of our sample while 53 % are boys.  67% of these students are urban and 33% are 

rural. By type of school, 11.2 per cent of the pupils attend private schools, 13.4% satellite 

schools, 15.8 per cent central schools, and 59.6 per cent are issued from autonomous 

schools.  

 

3. The variables 

The variable to explain is the score obtained during the TIMSS tests. The average 

score of our sample is 335.37 in mathematics and 266.26 in science (Table1).  The average 

gender-gap’s score is almost 8% points in math and 11 in science. The following graphs 

show the densities of scores recorded in mathematics and science. 

 

Figure 4. Density of the in mathematics and science scores 

Source: author's calculation on the basis of the TIMSS-2011’s survey (Stata12) 



 

Quantitative Methods Inquires 

 

 
33 

Seven variables are used –in the decomposition- in order to assess the Moroccan 

students’ achievements. The student’sage, support at home, the lengthof the nursery 

schoolperiod(variable scale), the type of school, the sex and the age of the instructor, educa-

tional material possession, and the educational level of the mother. 
89

 

Finally, the characteristics of the school, and its localization, will enable us to un-

derstand the mechanism of interaction between the school environment and the gender-

gaps in mathematics and science achievements. For this, we use an ANOVA analysis in or-

der to identify the key period features of the influence exercisedby the cited characteristics on 

the gender-gaps in mathematics and science achievements. 

 

4. The differences of average scores of girls and boys: results of the ANOVA 

analysis 

The findings indicate that girlsalways have a higher, and significantly different, av-

erage scores than boys (at the level of mathematics or/and science, localities, and type of 

school). The satellite schools record the most significant gender gap with 18 points of differ-

ence in mathematics and 20 points in science.  The private and central schools are the only 

forms of school where there are no significant gender gaps.In addition, the most interesting-

scores are recorded at private schools (in mathematics or science).   

 

Table 1. Gender-gapsin the average score according to the type of school, and the locality 

 

 

The analysis by locality demonstrated that urban children have the best attitude to-

ward mathematics and sciences with respectively 344.02 and 278.05 points, whilerural chil-

dren capitalized more inferior scores with 318.10 in mathematics, and 242.71 in sciences. 

This fact is may be due to the schools’proximity, the important number of educational con-

structs, and the availability of the learning materials-in number and in quality- for the first 

group of children; whereas the second group is the most vulnerable relating to the benefits 

mentioned above. To finish, we mention that the average score of the satellite 

schools’students reflects the fact that these students are facing serious difficulties in terms of 

scientific learning.  
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The following table gives more details concerning the reality of children’sscientific 

knowledge capitalization and its gender gaps in Morocco. 

 

5. The Oaxaca and Blinder decomposition : findings 

Table 2 presents the results of the decomposition of the natural logarithm 

scores’gaps in mathematics, and science. The method proposed by Oaxaca and BLINDER 

allows decomposing the scores gender’s gaps in three components. The firstpart corresponds 

to the differential assigned to the individual characteristics of each group.The second part 

reflects the impact of the explanatory variables on the scores’ differential. Finally, the third 

component matches with the simultaneous effect of groups’ characteristics and varia-

blesheterogeneity between groups. 

First of all, we notice that the total scores’ differential is significant in mathematics 

and science. The findings show that there isa gender gap of 3.1 per cent in mathematics and 

6% in science –for the benefit of girls-; thisdifference is distributed as follow: 

 

o Differences in term of the characteristics make girls more performants than boys by 

0.85% in math, and 1.94% in science; 

o An additional gap of 1.82% in math, and 3.51% in science, is the result of the dif-

ference of the effects caused by the explanatory variables in each model; 

o The interaction between differences in terms of characteristics and explanatory var-

iables’ effects explains 0.5 % of the gender gap
10

 in mathematics and science 

achievements. 

 

Detailed results of the decomposition allowed us distinguishing the non-significant 

variables from the significant ones (partially significant or/and globally significant). 

  

A. Non-significant variables 

Some variablesaren’tsignificantly determining the level of the gender gap. There 

are fivenon-significant variables:the size of the class, the teacher gender, the teacher experi-

ence, the attendance of a private school, and the education level of the mother. 

 

Table 2. Decomposition Oaxaca and BLINDER differential of scores (Stata12) 
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B. Significant Factors 

At the end of our study on the gender-gap-kind in mathematics and science 

achievements–for thefourth class of primary-, it is appropriate to makesome comments.The 

detailed analysis of the decomposition gives six variables that aresignificantly influencing the 

scores’ gendergaps. Except"support at home" that has a partial impact (effect on science’s 

gender gaps), the other five variables (possession of a computer, possession of an office, 

possession of the internet, the student’sage, and the attendance of asatellite school) influ-

ence both gendergaps in science and mathematics: 

 

o When the girls’age exceeds the boys one by one year, the girls’average score sur-

passesthe boys one by 0.4 % in math and 1.15% in science; 

o Every one point increasing of the home support index,forgirls,–the same index is 

unchanging for boys-generates0.26% more out-achieving in science in the profit of 

girls. This observation allows us to propose the implementation of a national cam-

paign, for example, that encourages parent to support their children at homein or-

der to guarantee the improvement of the scientific achievements and the gender 

parity in matter of scientific knowledge; 

o The learning’s material possession (a desk, computer, or internet) is significantly af-

fecting the gender-gap. Indeed, the possession of a computer tends to reduce the 

gap in math, and in science, in favor of boys; while the possession of the internet, 

and/or of a desk, benefits more to girls. Beyond this fact, the learning via internet-

TIC in general-provides an effective solution to the physical and geographical ob-

stacles confronted by certain children. However, this solution needs the develop-

ment of a greater autonomy (children must learn with no teacher orientation). 

o Finally, frequenting satellite schools is significantly extending the gender gap (in 

math and science) in favor of girls, thus rejecting the hypothesis that girls are more 

vulnerable to satellite schools compared to boys.  

 

Conclusion 

 

The previous developments deal with the question of the educational discrimina-

tion. This question has been at the heart of the public debate since at the end of the 1990’s. 

Even if our results confirm that the girls are more performants than boys, the performance of 

the educational system and Moroccan is still very mediocre in general. This is why it is essen-

tial to deploy more efforts in several areas, to conduct studies on the causes of the current 

situation, and to imply every man, who think, in the development of the necessary medica-

tion. 

The medication process success is with no doubt dependent on the behav-

ior’schange of all stakeholders. This change depends essentiallyon some factors related to 

the middle of residence (which affects the type of school attended), the learning material’s 

availability (office, computer, books etc…), the parentsupport, the generalization of the 

nursery school frequentation, and the continuous updating of the educational pedagogy. 

To the issues cited above, it is necessary to supplement other factors which fall 

within the framework of a double logic of development: 
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o The development of a new project based  on the development of psychosocial 

skills; 

o The development of a system of monitoring/evaluation of children’spsychosocial 

skills and support for children’s personal projects (especially for children who have 

salientproblems). 
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 The rate of illiteracy has reached 38.45 per cent for the population aged 10 years and over, and 43% for the aged 

15 and more, said Mr. Birou at a press conference devoted to the presentation of the results of "the national survey 

on illiteracy, the non-enrolment and the enrolment rates in Morocco" 2007. According to the latest figures of the 



 

Quantitative Methods Inquires 

 

 
39 

                                                                                                                                               
HCP relating to 2009, the rate of illiteracy is 39.7 %.  The ministry of finance, him, given for 2010 a rate of 30% 

only. 

 

2
 According to the report "An Assessment of the progress made in Africa in the achievement of the Millennium de-

velopment goals, 2011 ", Morocco is 5 to 10 percent of the target of 95% in net enrolment rate in primary 
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 The values between parentheses denote the absolute differences of the scores achieved by girls and boys. 
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8
 0 =No support; 1 =one or two times per month; 2 =a o two times per week; 3 =all days. 

 

9
 0 =Not enrolled in pre-school; 1 =one year or less; 2= between 1 and2 years; 3 =2 years ; 4= between 2 and 3 

years; 5= 3years and more. 

 

10
 1.85 =(0.002/0.108) * 100 
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Abstract 

A growing number of European small and medium IT promotes social responsibility strategies as a 

result of social pressure, environmental and economic crises. These businesses seek to influence 

decisions of the parties that interact: employees, shareholders, investors, customers, the public and 

non-governmental organizations. In this respect, companies are investing in their future and it is 

expected that a voluntary commitment that we make to help increase firm profitability. The 

European Union attaches great importance of corporate social responsibility it can contribute 

significantly to the strategic objective set in Horizon 2020 EU the most competitive and dynamic 

knowledge-based economy with a high level of employment and social cohesion work. This paper 

is a study of the CSR practices of 121 small-size companies drawn from IT sector in Romania. The 

empirical analysis shows a high level of incidence of CSR in these SMEs, particularly on the factors 

that translate into management benefits. Thus, the practice of CSR is seen to both correlate and 

contribute to the management efforts of the SMEs.  

 

Keywords: corporate social responsibility, SMEs, IT 

 

 

Introduction 

 

Although the Corporate Social Responsibility (CSR) movement has grown in recent 

years, there is a simmering debate if CSR is a necessity for business. It is often said that 

business is the wealth-creating body of society. Hence, its prime role is to produce the goods 

and services that people need in their daily lives. Friedman (1970) wrote a famous article for 

The New York Times whose title summed up its main point: “The social responsibility of 

business is to increase its profits.” He argued that most often the principle of social responsi-

bility is usually a way to justify an otherwise irresponsible action.  

More recently, Henderson (2001), emphasizing the anti CSR arguments, states that 

in an open and competitive environment business further the general interest: “… by re-

sponding to the demands of their customers, by keeping down costs and prices, and through 

timely and well-judged innovation. Not only does such an environment make for better en-

terprise performance, but at the same time […] it opens up opportunities for ordinary people 

including the poorest: prosperity and economic freedom go together“. He further adds that 
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responsible behaviour need not translate into endorsing the current doctrine of CSR; howev-

er businesses should act responsibly, and should be seen to do so. Elbing (1970) points out 

that CSR has been approached as “value of business” and has been discussed academically 

in universities, pragmatically by businesspeople, politically by public representatives, and 

approached philosophically, theologically and even aesthetically. From all these discussions, 

Elbing (1970) states that two distinct positions of CSR emerge: 

 
a. The singular perspective- i.e., to maximize the economic profits of the firm for its 

owners. 

b. The other perspective- that the businessman has a social responsibility more im-

portant than profit maximization.  

 

While defining the social responsibility framework, Walton (1967) states, “their 

common denominator is a rejection of enforceable obligations as the only criteria of a cor-

poration’s responsibility to society.” He further adds, “there are costly corporate responsibili-

ties to society that do not necessarily contribute to long-term profitability of the enterprise.” 

However, he does conclude that there is an abundance of literature advocating a different 

viewpoint to the classical economic theory or economic framework that considers that busi-

nessmen do have a social responsibility, a responsibility other than making money for them-

selves and their stockholders.  

Bowen (1953), similar to Elbing (1970), had recognized two basic principles that re-

late to the current arguments on social responsibility. The first principle builds on the notion 

that business is for society and hence would necessarily need to be governed by rules. The 

second principle attempts to direct attention to the role of business as a moral agent of the 

society it is within. Although this position is not given due attention by Friedman (1962), his 

forceful argument against CSR stirred the academic community and paved the way to ex-

plore the role of business in society. 

In the present, CSR is quite often seen as the business way of pursuing sustainable 

development and attaining the “triple bottom line”: planet, people, and profits. The triple 

bottom line is essentially a measure beyond the economic value a business adds, which in-

cludes social value of business. This means giving equal consideration to economic and so-

cial goals and commitments, and allocating sufficient resources to research that supports 

these commitments. 

Holme and Watts (2000) use the following definition: “CSR is the continuing com-

mitment by business to behave ethically and contribute to economic development while im-

proving the quality of life of the workforce and their families as well as of the local communi-

ty and society at large.”  

However, the most common understanding of CSR comes from the definition used 

by the World Bank which states the commitment of business is to contribute to sustainable 

economic development along with employees, their families, the local community and socie-

ty at large and to improve their lives in ways that are good for its business and for develop-

ment. This definition seems most comprehensive, as it provides clarity on the business role of 

CSR. This is because business cannot be seen in isolation, as the primary factors that make 

up a business are its employees and the society in which the business functions.  

From the above, we notice that the strong arguments and mixed point of view on 

the social responsibility of business people and the value issue of business cover a very wide 
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spectrum. Further, the basic premise for such arguments is based on the fact that it has not 

been possible to determine the impact on the financial performance of organizations adopt-

ing good CSR behaviour (Nicolescu O. et al, 2009).  

 

CSR, SMEs and profitability 

 

The 1970s laid much emphasis on finding a correlation between CSR and profita-

bility. This may perhaps have been due to the fact that the proponents of CSR were outnum-

bered by the ones who believed that business had only one moral duty, i.e., to make profits. 

Hence, empirical evidence was the only answer to ensure the acceptance of the belief that 

socially responsible behaviour is good for business. Numerous research studies (McWilliams 

and Siegel, 2000) and exhaustive literature search (Aupperle, et al., 1985) have been under-

taken, with no clear evidence of a positive correlation between CSR and profitability.  

Since the 1970s, a number of CSR models have been developed. The most popular 

and well-cited are the three-dimensional model (Carroll, 1979); the synthesis model (Wartick 

and Cochran, 1985); the stakeholder model (Clarkson, 1995); and the integrative model 

(Wood, 1991), all of which provide a description of activities related to social responsibility. 

Each model has attempted to explore the varied dimensions of CSR and measure the nature 

and extent of social responsibility in an organization. It is observed that none of the above 

models are ‘stand-alone’ answers for measuring social performance in an organization. 

Further, assessment of CSR activities in an organization involves identifying the activities 

based on the different stakeholders as Clarkson (1995) notes, “at any point of time one or 

more stakeholders may be of importance to an organization and hence factors of influence 

would vary from time to time.” 

Despite the lack of any empirical evidence of a direct or a visible correlation be-

tween CSR and the economic performance of an organization, it has been accepted and 

acknowledged that CSR (Piercy and Lane, 2009) does impact on the policy and behaviour of 

companies throughout the world. However, not much attention has been devoted to the link 

between CSR and management. If one were to expand the focus of profitability in an organi-

zation, it would include elements that contribute to long-term financial success, such as 

reputation, brand value, employee loyalty, strong and long-lasting relationships with stake-

holders, etc. (Ceptureanu SI et al, 2015b). 

In other words, the CSR activities present benefits at two levels: one for the compa-

ny as stated above, the other for the society, as many of the CSR initiatives are operative in 

and around the vicinity of the business. Hence, the community around it is likely to benefit as 

a result. The impact of these CSR initiatives on customers and other stakeholders is a key to 

performance improvement in a company.  

Although the correlation between CSR and profitability is yet unproven, there have 

been some efforts to study the links between CSR and management. In fact, there is a grow-

ing interest among management practitioners and CSR advocates to develop a framework 

that could integrate CSR and management.  

Vives and Peinado-Vara (2003) found that there is a business case for CSR; in other 

words, that responsibility generates economic returns highlighting those cases that have 

brought about both improvements in the competitiveness of firms, whilst, at the same time, 

improving their relations with stakeholders: customers, suppliers, human resources and 

communities (Ceptureanu SI, 2015a). The deliberations exhibited the positive impact that 
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CSR has within the firm, how it can lead to improved competitiveness, and, therefore, profit-

ability. 

The concept of “corporate iceberg”, which essentially denotes the increasing risks 

of the intangibles that surround an organization as against the tangible financial profits, 

goes to the extent of cautioning companies of the potential threat to their reputation and 

social license to operate if they fail to address ecological and social responsibilities (Willard, 

2002).  

The present era of globalization has moved the spotlight from bigger companies to 

small and medium enterprises (SMEs). However, the vulnerability of the small firm (SMEs) 

changes with the environment, and its survival depends to a large extent on how it interacts 

(Ceptureanu EG, 2015a). Here, the environment denotes a larger frame and includes not 

merely raw material demand and supply, but also the human and financial resource and its 

governance mechanism within and outside the enterprise (d’Ambiose and Muldowney, 

1998). The increase in globalization and the direct supply chain relationship is clearly affect-

ing SMEs globally (Popa I et al, 2009; Ceptureanu SI, 2015b). This includes business ethics, 

workplace practices and labour issues, company values, health and safety considerations, 

etc. Furthermore, the effect of globalization is also impacting the production processes and 

trade and providing opportunities for innovation and technology development.  

As mentioned earlier, market forces are driving the need for organizations to ad-

dress CSR in a credible manner and motivating companies to change their behaviour and 

use CSR as a strategic instrument (Ceptureanu EG, 2015b).  

Conventional thinking has led us to believe that larger companies have been the 

primary drivers of CSR. However, this does not mean that CSR is irrelevant to or not prac-

ticed by SMEs. Some of the academic work discussed earlier and the CSR models (Carroll, 

1979; Wartick and Cochran, 1985; Wood, 1991; Clarkson, 1995) were predominantly for 

large organizations. The Clarkson (1995) study did include some small firms, but they did 

not provide any details of the outcome of his study on small firms.  

Ironically, there is very little known on the CSR practices in SMEs in comparison to 

the vast amount of articles and dialogues available for large organizations. Most of the aca-

demic literature on CSR originates from Western countries; hence, the question arises 

whether CSR is a standardized concept across different cultures. Not much research is avail-

able on the cultural difference in understanding the notion of CSR. Since there is a distinct 

cultural scheme and changes from region to region, it is but common that social behaviour 

cannot be assumed to be uniform. Pedersen and Huniche (2006), in a study on CSR in the 

African context using Carroll’s model, noticed that the ‘critical priorities’ of CSR in Africa are 

likely to different from that of a classic case in a developed country. Similarly, the meaning 

of CSR would differ in SMEs as against a large company and is also likely to differ among 

SMEs across regions.  

A unique feature in SMEs is that they are largely ownership based or in cases 

where they are partnership based, they would be among family friends or distant relatives 

(Ceptureanu SI et al, 2015a). In this context, Jenkins (2006) observes that SMEs tend to have 

a personalized style of management. Given the multi-relationship the owner observes in his 

day-to-day management, it is perceived that the stakeholder relationships for an SME may 

be more informal, trusting and characterized by intuitive and personal engagement (Cep-

tureanu EG et al., 2014). Fuller and Tian (2006) also state that SMEs undergo their business 

largely on a personal level, and it acts as a catalyst for socially responsible behaviour. They 
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further note that due to the strong association with immediate stakeholders, such as em-

ployees, customers, suppliers and their local community, their involvement is more direct 

and informal (Ceptureanu EG et al, 2012). Unlike large corporations, SMEs have fewer 

numbers of stakeholders in aggregate terms to intermingle with, and hence are able to 

maintain a certain code of conduct characteristic of the neighbourhood or region. The rapid 

development of legislation and international standardization has had a far-reaching impact, 

particularly on developing country SMEs (Ceptureanu SI, 2014). 

 

The research method  

 

The heterogeneous and highly fragmented nature of the SME segment makes the 

availability of information regarding SMEs and their practices extremely limited. Hence, the 

given data set from the responses received through the award application made a good case 

to explore the incidence of CSR in SMEs along the same lines as the earlier study undertaken 

in the IT sector. The original application received for the awards included both objective (op-

tions for responses) and subjective (statements from the applicants) types of questions. How-

ever, for the purpose of this study, only the objective type questions were considered. The 

data provided descriptive statistics regarding the SMEs and their CSR activities, which helped 

in collating the results and further empirically testing them.  

Hence, a similar empirical testing as that of the IT sector (Ceptureanu EG, 2015c) 

was considered, help in strengthening the basis of using the statistical inference method to 

explore the incidence of CSR in SMEs. As mentioned earlier, only 45% of the applications 

were being considered for the award evaluation due to incomplete forms. For the purpose of 

this study, the responses were once again reviewed and the section that each applicant was 

unable to complete was recorded. It was observed that incomplete applications were pre-

dominantly the narrative section of the questionnaire. Hence, for the purpose of our empiri-

cal observation, we had 121 applicants that had responded to the entire “objective” section 

of the questionnaire. This number was sufficient for empirically testing the applications.  

The aim here was to assess the incidence of CSR in SMEs as per the IT sector study. 

The choice for repeating the statistical analysis on this entirely new sample was primarily to 

test the efficacy of this statistical method. Hence, the data collected from the application 

forms were statistically analysed using the method of statistical inference. We assume that 

the respondents’ awareness level would be higher. Hence, during this analysis, the P-value 

was set on a higher scale, i.e., test of p = 0.6 vs p > 0.6 against the P-value of p = 0.5 vs p 

> 0.5 taken for the IT sector study. The reason for doing this was to account for the re-

spondents’ basic knowledge of CSR as against the respondents of the IT sector study. It fol-

lows that the designated null hypothesis (H0), that the proportion of indicative factors of 

social responsibility is at least 60%. In other words, if 60% responded in favour of CSR prac-

tices, then the existence of CSR among the sample would be considered. The alternative 

hypothesis (H1) is that the proportion is less than 60%.  

The questionnaire typically had multiple choices that included “yes”, “no”, “in part” 

and “not applicable” responses. The results of the empirical testing are given in Table 1. The 

survey questionnaire primarily was broken down to four factors and can be depicted as: (a) 

market policy, (b) workplace policy, (c) company values and (d) social and community poli-

cies. In some it also included some prominent sub-factors.  
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While undertaking the statistical analysis, all those who responded as “not applica-

ble” were removed and were not included in the total number of responses = “N”. Those 

who responded “in part” were included as a positive response = “X”.  

It may be noted that, in this study, the sample was heterogeneous, as the respond-

ents comprised different sectors of industry. Market policy, workplace policy and company 

values scored well (see Table 2). However, the social and community policy did not show an 

incidence of CSR. The results of the survey analysis subsequent to the “proportion test” 

showed an overall incidence of CSR.  

In reviewing the questions in this section, the results point to the fact that SMEs are 

not comfortable with social and community issues. Hence, this provides room for reflection 

on how to increase the community/enterprise interactions to enable the enterprise to draw 

benefit. It can be further suggested that perhaps the enterprise do not feel or have the finan-

cial resources to take up activities such as the capacity building of community, etc. All the 

other four factors- market policy, workplace practices and company values- exhibit high inci-

dence of CSR. 

However, when it comes to sub-factors, the position gets altered within the factor 

(Table 3). For instance, regarding the ‘workplace practices’ factor, a sub-factor- provision of 

good work balance- does not exhibit an incidence of CSR. It seems that facilities such as 

recreation room, stress management, etc. are not issues for an enterprise that is constantly 

struggling to make ends meet.  

For the sub-factors of “company values”, it is observed that the SMEs score a “No” 

on the sub-factor on “providing training and having clear guidelines”. The sub-category on 

“labour standards”, however, exhibits an incidence of CSR. Here, one could conclude that 

the incidence of CSR is perhaps due to the pressure exerted by the supply chain and due to 

regulation. However, the survey shows a poor score on “health” practices. Clearly, health 

issues of the unit employee are not important and the SMEs do not perceive providing health 

benefits as something that will accrue benefit for them in return. Another factor is that many 

SMEs have contract labour and, hence, are not obliged to provide benefits that are given to 

full-time employees.  

Examining the last factor, “community and social issue”, the response did not show 

an incidence of CSR. Further, the sub-factor on developmental activity also does not show an 

incidence of CSR. The question on philanthropy practices did not receive any attention. This 

result appears to be different from the usual responses that one gets from SMEs in Romania. 

SMEs are known for their charitable practices and do so often discreetly. The negative re-

sponse to this can be attributed to the cultural norms of the country, which is not to share 

their philanthropy behaviour or activities. 

This analysis clearly shows that an SMEs, whichever sector it be in, has a strong in-

clination in getting factors, such as market policy, workplace policy, company values and 

labour standards. Further, they ensure that these factors are adhered to within the norms of 

government regulations. 

However, factors, such as training and capacity, social issues and community issues 

do not appear high on their agenda. This stems from the fact that, and as proved earlier in 

the IT sector (Ceptureanu SI, 2015c) enterprises do not attempt to engage in any socially 

responsible behaviour unless they are able to perceive an immediate gain from the en-

gagement for their respective businesses. 
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Table 1. Empirical survey of CSR Factors 

Questions Yes N 

 Exact 

p 

value 

0.05 level 

of Signifi-

cance 

Sample P 

Market policy 116 121 0.93 0 Yes 

Environment friendliness of products 121 121 1 0 Yes 

Ensure honesty and quality in all its contracts, dealings 

and advertising 
121 121 1 0 Yes 

Provide clear and accurate information and labelling 

about products and services, including its after-sales obli-

gations 

121 121 1 0 Yes 

Timely payment of suppliers’ invoices? 121 121 1 0 Yes 

Effective feedback process  121 121 1 0 Yes 

Register and resolve complaints from customers, suppliers 

and business partners 
121 121 1 0 Yes 

Work with other companies in your supply chain or other 

organizations to address issues raised by responsible 

entrepreneurship 

107 121 0.89 0.001 Yes 

Workplace practices 108 121 0.9 0.001 Yes 

Encourage employees to develop real skills and long-term 

careers  
121 121 1 0 Yes 

Steps are taken against all forms of discrimination, both in 

the workplace and at the time of recruitment  
116 121 0.96 0 Yes 

Frequency of team meetings to discuss operation-

al/occupation health and safety issues? 
93 121 0.77 0.029 Yes 

Suitable arrangements for health, safety and welfare that 

provide sufficient protection for your employees? 
112 121 0.93 0 Yes 

Provision of a good work-life balance that includes:  61 121 0.5 0.861 No 

a. Recreation room 27 121 0.23 1 No 

b. Stress management 56 121 0.47 0.927 No 

c. Annual get together  88 121 0.73 0.063 No 

d. Other  61 121 0.5 0.859 No 

Company values 121 121 1 0 Yes 

Have you clearly defined your enterprise’s values and 

rules of conduct? 
117 121 0.97 0 Yes 

Do you communicate your enterprise’s values to custom-

ers, business partners, suppliers and other interested 

parties? 

121 121 1 0 Yes 

Are your customers aware of your enterprise’s values and 

rules of conduct? 
121 121 1 0 Yes 

Are your employees aware of your enterprise’s values and 

rules of conduct? 
121 121 1 0 Yes 

Do you provide training to your employees on: 76.23 121 0.63 0.348 No 

a. Skill performance enhancement?  100.4 121 0.83 0.004 Yes 

b. Career Development? 68.97 121 0.57 0.639 No 

c. Work Culture/ethics? 88.33 121 0.73 0.066 No 

d. Other  44.77 121 0.37 0.989 No 

Labour standards  96.8 121 0.8 0.009 Yes 

Payment of minimum wages 112.5 121 0.93 0 Yes 

Equal remuneration for equal work 100.4 121 0.83 0.004 Yes 

Freedom of association  93 121 0.77 0.027 Yes 

Elimination of forced or compulsory labour 76 121 0.63 0.352 No 

Elimination of discrimination in respect of employment and 

occupation 
97 121 0.8 0.008 Yes 

Abolition of child labour 109 121 0.9 0 Yes 

Clear guidelines on 81 121 0.67 0.221 No 

a. Recruitment  105 121 0.87 0.001 Yes 

b. Termination 93 121 0.77 0.027 Yes 

c. Career advancement  85 121 0.7 0.128 No 

d. Performance appraisal 109 121 0.9 0 Yes 

Faced or dealt with any labour disputes in the past three 

years?  
9 121 0.07 1 No 

Health policy 52 121 0.43 0.24 No 

Health insurance 40 121 0.33 0.11 No 
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Provident funds 48 121 0.4 0.22 No 

Other 63 121 0.52 0.28 No 

Social and community policies 72 121 0.59 0.36 No 

Offer training opportunities to local community? 108 121 0.89 0.74 Yes 

Open dialogue with the local community 73 121 0.6 0.19 No 

Strategies adopted to undertake developmental activities 52 121 0.43 0.18 No 

Philanthropic initiatives 71 121 0.59 0.39 No 

Community investments/social investments 52 121 0.43 0.25 No 

Public- private partnership 21 121 0.18 0.04 No 

Imparting skills to local community 65 121 0.54 0.32 No 

Allowing use of its resources 52 121 0.43 0.19 No 

Encourage employees to participate in community activi-

ties 
61 121 0.5 0.24 No 

 

Table 2. Empirical Summary of the Prime Factors 

Questions Yes N Sample P 
Exact 

p- value 

Incidence of 0.05 level of 

significance 

Market policy 116 121 0.96 0 Yes 

Workplace practices 108 121 0.90 0.001 Yes 

Company values 121 121 1 0 Yes 

Social and community policies 75 121 0.59 0.36 No 

 

Table 3. Empirical summary with the Sub-factors 

Questions Yes N Sample P 
Exact p- 

value 

Incidence at 0.05 

level of signifi-

cance 

Market policy 116 121 0.96 0 Yes 

Workplace practices 108 121 0.90 0.001 Yes 

Provision of a good work-life balance 61 121 0.5 0.861 No 

Company values 121 121 1 0 Yes 

Do you provide training to your  

employees on? 
76.23 121 0.63 0.348 No 

Labour standards 96.8 121 0.8 0.009 Yes 

Clear guidelines on 81 121 0.67 0.221 No 

Health policy 52 121 0.43 0.24 No 

Social and community policies 75 121 0.59 0.36 No 

Strategies adopted to undertake  

developmental activities 
52 121 0.43 0.18 No 

 

Conclusions 

 

The empirical analysis does showcase CSR practices in SMEs and positive responses 

have been reported across many factors. This illustrate that the SMEs follow a comprehensive 

approach combining various areas. However, the concept may still appear to be vague to 

many SMEs. Further, this paper limits itself to exploring the incidence of CSR in SMEs empiri-

cally with a sample size of only 121 enterprises and many not is ideally representative of all 

SMEs in Romania.  

Nevertheless, the response to CSR award denotes that SMEs in Romania are now 

beginning to see CSR as a one of the many managerial channels and are consciously em-

bedding CSR in their respective business policies, as they realize it to be a managerial in-

strument with direct benefits to them. 

Given the stake SMES have in the national economy, management is one of the 

critical areas that require focus (Ceptureanu SI et al, 2012). Extensively evaluations of such 

instruments are required to establish a correlation between CSR and management. SMEs do 

not have the strategic tools and the means for their business development unlike the large 
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enterprises. Such analysis will give an empirical base for SMEs to appreciate the significance 

and to adopt CSR practices. 
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Abstract:  

In the South African context visual fitness testing prior to issuing a learner's, driving license or 

authorizing the renewal of a driving license has been legislated since 1998. Of all the medical 

fitness disqualifiers, visual fitness has been prioritized as perhaps the most important medical 

condition to be verified through eye-testing procedure at a licensing authority. All other medical 

conditions are disclosed or declined through a concise declaration by the applicant. This study 

shows firstly, that the causal factors of certain vehicle accidents are not significantly related to 

visual fitness. Secondly, considering the substantiated low failure rate through eye-testing at driv-

ing license testing centres, the study suggests there is no justification for the current prescribed 

eye-testing procedure and accompanying operational and capital budget implications without the 

other relevant eye-testing procedures. 

Key words: Eye-testing, visual acuity, visual field, driving license, driver view field analysis, 

vehicle accident 

 

Introduction 

 

The principle of keeping a proper lookout or failing to do so is well imbedded in 

law within the South African context [1, 2, 3, 4]. In many litigation cases the apportionment 

of negligence is decided, based on the principle of failure to keep a proper lookout by one 

or both or more drivers involved in a vehicle accident [1, 2, 3]. The latter legal principle will 

for many confirm the importance of vision fitness. However, the ability to keep a proper 
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lookout is not a function of perfect vision versus some degree of vision impairment alone. It 

will be argued by the authors that a conscious awareness of the principle of keeping a prop-

er lookout which is dependent on visual acuity and visual fields and other as reported in [5], 

and the skill to timeously foresee road usage risks and finally, competent driving skills in 

general are overwhelmingly more important factors to be considered in road safety strate-

gies aimed at reducing the road carnage on South African roads. 

Readers are reminded of a convincing finding reported in [6] that drivers with visual 

defects are no more vulnerable to have accidents than those with normal vision. The afore-

said finding is supported in a critical review of the existing literature related to vision, driving 

competency and accidents. The authors Owsley et al. present a critical review on reported 

findings found in 211 research papers [7]. 

In South Africa, compulsory eye-testing to verify visual fitness meeting minimum vis-

ual acuity and visual field requirements has been legislated since 1998 [8]. Eye-testing be-

came standardized procedure during the period of converting driving licenses to the credit 

card format and for obtaining a learner's or driving license or renewal thereof, thereafter. 

Implementing the legislation with the considered view of government that such tests should 

be freely available to all citizens necessitated enormous financial investment in amongst 

others, retraining of examiners for driving licenses, provision of eye-testing equipment 

throughout the driving license testing centres (DLTC's) countrywide, specialized stationary 

and other auxiliary services. Cycling all driving license holders through the driving license 

card conversion process was a rather frustrating process for many citizens. The current driv-

ing license renewal process proves to be equally cumbersome and certainly time consuming. 

Admittedly, an analysis of process flow efficiency and the cost-benefit of eye-testing is not 

the theme of this research project but, anecdotal evidence suggests that very little value is 

added to accident reduction, driving skills and road usage behaviour. The latter suggestion 

motivated this study. The authors are convinced that the millions spent on this singular as-

pect of driver fitness as a holistic competency should be re-channeled appropriately. Argua-

bly, other important road safety factors come into play. However, accepting that not all can 

be done simultaneously, the objective of this research is to convince the case that decisive 

leadership and implementation strategies must be sought to (i) define a more comprehen-

sive (meaningful) eye-test protocol to be performed by professionals rather than the instru-

mental approach by semi-skilled officials at driving license testing centres; (ii) capacitate 

driving license testing centres to prevent corrupt and incompetent driver testing, effectively; 

(iii) operationalize concerted and effective speed law enforcement; (iv) development of a 

sense of foreseeability of risks amongst road users through amended training curriculum, 

prior to issuing driving licenses. 

 

Mathematical Analysis of Two Types of Intersection Accidents 

 

The visual fitness standards for obtaining or holding a learner's or driving license 

are prescribed in Regulation 102 of the National Road Traffic Act, (Act 93 of 1996), [8]. The 

standards provide for two clusters of driving licenses i.e. code A1, A, B or EB (motorbikes and 

light motor vehicles) and code C1, C, EC1 or EC (heavy motor vehicles). Regulation 102 of 

the Act prescribes as follow: 

(i) Code A1, A, B or EB a Snellen rating of minimum visual acuity of 6/10 for each 

eye and; a minimum visual field of 70 degrees temporal for each eye, or where visual field 
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of one eye is less than 70 degrees a minimum total horizontal visual field of at least 115 

degrees. In all standards with or without refractive correction applies. 

(ii) Code C1, C, EC1 or EC a Snellen rating of minimum visual acuity of 6/9 for 

each eye and; a minimum visual field of 70 degrees temporal for each eye. In all standards 

with or without refractive correction applies. 

 

In the South African context approximately 40% of all accidents occur in, at or close 

to an inter-section [9]. This compares well with worldwide statistics [9, 10, 11, 12]. In 2001 

the British Columbia Police reported these accidents constitute 44,1% of all accident types 

[11]. For this reason two of the typical causal scenarios resulting in intersection accidents will 

be analyzed to show that both the eagle eyed and the blind or a combination thereof is of 

absolute zero assistance to prevent an accident from occurring. Note that the mathematical 

analysis can be applied to numerous other intersection related accident scenarios as well as 

head-to-rear and multiple vehicle highway accidents. The purpose of the analysis is to intro-

duce the reader to the concept of driver view field analysis to gain some understanding to 

what extent visual acuity and visual field can or cannot assist in the prevention of accidents. 

 

Restricted Vision Line Angled Across Intersection 

Figure 1 illustrates a common situation found at one or more corners of an inter-

section when building construction is in process. Legislation in respect of construction site 

safety typically requires the erection of safety fencing on the edge of pedestrian walks and 

on occasion, right on the road-edge. 

Common practice is to utilize corrugated sheets which completely obstruct visual 

line diagonally across the intersection up to a critical point. We refer to such fencing as solid 

fencing. Figure 1 depicts a vehicle modeled as a point travelling at speed 
1

1 0  msv  fol-

lowing a line of travel parallel along the street hence, parallel to along the street hence, 

parallel to the solid fencing. The perpendicular separating distance between the line of travel 

and the solid fence is given by 01  . 

 

Figure 1. 
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Similarly, a second vehicle travelling perpendicular to the direction of travel of the first, at 

speed 
1

2 0  msv  and separated by distance 02   from its corresponding solid fence ap-

plies. 

Let both drivers be ignorant to the risk of the situation and assume both will drive 

through the intersection either just hoping for the best or, that they solely depend on eye 

sight to timeously alert them of eminent danger to which they must react. 

The critical positions both vehicles must reach respectively to open the earliest op-

portunity for a direct line of sight (angled "across") are indicated in figure 1. Clearly after the 

respective vehicles travelled distances 1S  and 2S  an accident might occur. The occurrence 

is guaranteed (completely inevitable) if the travelling time to cover 1S  and 2S  by the re-

spective vehicles are equal. It simply means that both vehicles have reached the same point 

P at exactly the same time, 0t . In physics such occurrence is called a collision. 

We have that: 
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Hence, what is fact is that the time from the moment the direct line of sight opens 

up to reaching the point of collision is a function of only the respective speeds and the sepa-

rating distances from the respective solid fences. Because a driver can only control his/her 

travelling speed and not the speed of the other driver, an accident is inevitable if time t  

(constant for both drivers) is such that 0tt  , 00 t  the accepted average human reaction 

time. No degree of good or poor vision fitness can mitigate this inevitable situation. Neither 

can vision impairment contribute causally to the accident as a physical science event. In fact, 

in litigation the principle of keeping a proper lookout or the failure to do so cannot objec-

tively be applied. Only intuitive appreciation of the danger posed by the visual obstruction 

followed by the foreseeability of an accident and subsequent reduction in speed, which is not 

a function of visual parameters, to allow at least 0tt   can possibly prevent an accident. 

The reason why travelling time exceeding human reaction time is not necessary sufficient to 

prevent an accident is because, if motion time (now including evasive action such as braking 

or swerving) remains equal for both vehicles to reach a common point, a collision occurs. It 

will only be that the point of impact, the nature of impact and the respective speeds at which 
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impact occur, differ. Furthermore, a vehicle is not a true point but a dimensional structure 

hence the time at which the collision might occur is at    ttt , . 

From the above model it is easy to see that visual obstruction can be temporary 

and in motion itself. For example passing a bus or an articulated vehicle serves as a tempo-

rary visual obstruction for a finite time measure. However, when the direct line of sight re-

opens the situation can be eminent danger despite the best or the worst vision fitness of the 

driver(s). Another very practical scenario is the tragic accidents resulting from a driver ap-

proaching a stationary bus from which commuters exit. If the driver does not foresee the 

possibility that a pedestrian can unexpectedly dash from "behind" the bus the analysis above 

applies. This is the reason why drivers are made aware to take extra precaution when ap-

proaching a stationary school bus. Young children cannot comprehend the danger and the 

principle should be explained to learner drivers. The authors are not aware of a curriculum 

explaining this principle 

 

The ‘Can Stop-Can Run’; ‘Cannot Stop-Cannot Run’ Dilemma 

The third author presented most of this section during the 3
rd
 International Confer-

ence on Accident Investigation, Reconstruction, Interpretation and the Law, during October 

1999 [10]. Assume a driver travels at a constant speed 
10  msv  along a road approach-

ing an intersection with an across width of 0  meters. Assume that at distance 0D  

meters from the stop line the traffic lights switch to amber. The driver may after reaction time 

0  lapsed either run through the intersection safely if the distance ( D ) meters can be 

covered before the traffic lights switch to red or, stop safely if the vehicle stops within (

vD  ) meters. Figure 2 depicts the scenario. 

 

Figure 2. 

 

A conservative assumption would be to consider running through without further 

acceleration. Therefore, to run safely through the intersection the inequality 

0,  TDvT   seconds denotes the amber time. The minimum stopping distance utiliz-

es full the friction coefficient say,  . The minimum stopping distance corresponds to:  


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v
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 meters, 𝑔 = 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛. 

For safe stopping hence, outside the boundaries of the intersection either the ine-

quality: 
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or the inequality: 

  D
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

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must be satisfied. A potentially dangerous situation arises if, vT
g

v
v  




2

2

. 

In fact, if vTD
g

v
v  




2

2

, the driver can neither run through safely nor stop 

safely. This situation is the real dilemma. This dilemma occurs when: 

 

 gTggTv 2)()( 222   or  

 gTggTv 2)()( 222   . 

 

Most drivers have experienced this unpleasant situation where, after harsh braking 

the vehicle skids to a standstill somewhere within the intersection. The vehicle must then 

either be reversed to a safe position or cross traffic must allow the driver to clear the inter-

section. A safe situation prevails if:  
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If vTD  
,
 the driver can and must stop. Attempting to run is a risk. If 
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, the driver can and must run. Attempting to stop is a risk. If, 

vT
g

v
vD  




2

2

, the driver can do either, safely. 

 

Since stopping distance is a quadratic function of speed, whilst running distance is 

a linear function of speed, there are critical speeds at which stopping distance exceeds run-

ning distance and a hazardous situation may arise. It is not uncommon for drivers to occa-

sionally find themselves in a critical position where, even with added acceleration late run-

ning is required to clear an intersection. The analysis shows undoubtedly that vision fitness 

or lack thereof alone cannot be a critical causal or preventative factor in accidents resulting 

from these dilemmas. These dilemmas require good vision with the skill of good judgment to 

mitigate. Some of the dilemmas are so critical per se that they present an inevitable conse-

quence. 

In [4] a total of 5471 crashes for the period June 2005 to December 2007 were 

analyzed in well-defined detail. It was found that measured against the categories perfor-

mance/non-performance errors and decision/recognition errors, these errors by drivers were 

the critical pre-crash factors in 92,9 % of the crashes. 
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Analysis of Historical Eye-Testing Data 

 

Since this was purely a desk-top research project there is no ethical conflict with the 

Helsinki Declaration. Note that the data is stratified such that it is not personalized. Hence, 

the data per se and the analysis thereof fully comply with the Protection of Personal Infor-

mation Act, (Act 4 of 2013) of the Republic of South Africa [13]. Historical data of 3200 ap-

plicants for renewal of their driving licenses were randomly selected through stratified sam-

pling as follows: 

 

(i) In the Gauteng Province the driving license testing centres (DLTC's) within the 

City of Tshwane (CoT) were selected. The following stratified sampling applied. Rayton DLTC: 

400 applicants randomly selected over the period January to March 2014; Bronkhorstspruit 

DLTC: 400 applicants randomly selected over the period May to July 2015; Waltloo DLTC: 

800 applicants randomly selected over the periods January to March 2015 and August to 

October 2015; Akasia DLTC: 800 applicants randomly selected over the period May to Sep-

tember 2015; Centurion DLTC: 800 applicants randomly selected over the period November 

2015 to February 2016. Accumulatively over the said periods an estimated 20 000 appli-

cants renewed their driving licenses. The sample is of formidable size and the data inputs 

are binary in nature. This implies that ratio analysis is all that is required to derive extremely 

reliable results. 

 

(ii) Age of applicant was approximated to the age reached in 2016. The formula 

used is: 2016 - 19
21 , xx , 

21 , xx  are the first two digits of the applicant's South African 

Identity Number.  

The age ranges were: R-1 = [18-25] years; R-2 = [26-35] years; R-3 = [36-45] 

years; R-4 = [46-55] years; R-5 = [56-65] years; R-6 = [66-75] years; R-7 = [76-85] years. 

 

(iii) Driving license codes were categorized as: Cat-1 = {Code A1/A only}; Cat-2 = 

{Code B or EB only}; Cat-3 = {Code B or EB and A1/A}; Cat-4 = {highest Code C1 with 

(A1/A optional)}; Cat-5 = {highest Code C with (A1/A optional)}; Cat-6 = {highest Code 

EC with (A1/A optional)}. 

 

(iv)The first eye-test event i.e. (a) eye-test failed; (b) eye-test passed; (c) optometrist 

or ophthalmologist (oculist) certificate presented on application date. Important to note is 

that amongst those who failed the eye-test, a subsequent pass after visiting an optometrist 

for a second and final result, was not captured. It implies that the fail ratio represents an 

upper bound (worst case in respect of eye-test pass rate). 

Clearly a variation in calendar periods from which the samples were randomly se-

lected are not of thematic significance. However, the data in respect of gender, driving li-

cense code, approximation of age and the eye-test event are of binary truth value and of 

thematic significance, and therefore data capturing in respect of this data was verified by 

random recapturing of 800 (25%) of the sample population. A total of 7 errors were detected 

of which 4 were age errors and 3 were errors in the data population. This implies that the 

probable error margin is )45(8.44
800

7

3200
 x

x
errors in the data population. After 

correcting the detected errors it is probable that a further 37,8 (38) errors may remain 

implying an error margin of  [1,1813 to 1,1875]%: Therefore the data integrity is consid-

ered sufficient to proceed with formal data analysis. 
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Some Important Findings 

In this subsection the data for each DLTC will be analyzed individually where-after 

an accumulative analysis is presented. The authors' proposition is that the DLTC's within the 

City of Tshwane are most popular throughout the Gauteng Province. Perhaps it is correct to 

state that the Centurion, Akasia and Waltloo DLTC's are most popular in the country. It is 

therefore assumed that the study within the jurisdiction of the CoT is representative of the 

status quo in the Gauteng Province. It is envisaged to further this research through compara-

tive studies throughout all nine provinces of the Republic of South Africa. Similar to the sam-

ple size selected for the City of Tshwane, formidable sample size will be selected from a 

main city in each of the eight other provinces. 

 

Table 1. Centurion DLTC 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 107 48 59 6 94 1 6 - - 105 2 - 

R-2: 249 137 112 - 205 12 32 - 4 204 39 6 

R-3: 213 114 99 5 142 26 30 - 10 194 19 - 

R-4: 116 52 64 2 88 8 4 - 14 92 24 - 

R-5: 74 46 28 - 48 8 4 - 14 54 14 6 

R-6: 28 4 24 - 28 - - - - 18 10 - 

R-7: 13 7 6 - 10 3 - - - 9 2 2 

Total: 800 408 392 13 615 58 76 - 42 676 110 14 

 

Note that: 

(i) Only 1,75% of applicants failed the prescribed visual acuity test. 

(ii) Cat-2 (Code B or EB) is the most popular renewal category (76,875%) at the 

Centurion DLTC. 

(iii) Cat-5 (highest Code C with (A1/A optional)) has no representation. 

(iv) 89,47% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(v) We observe noticeable lower renewal numbers (7,125% of sample) from the 

age 56 years and older. 

 (vi) Gender renewal ratio Male: Female = 51%: 49%. 

 

Table 2. Rayton DLT 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 61 37 24 - 53 - 5 - 3 61 - - 

R-2: 116 87 29 - 81 - 32 - 3 116 - - 

R-3: 69 40 29 - 21 - 43 - 5 69 - - 

R-4: 69 48 21 - 45 - 21 - 3 64 5 - 

R-5: 37 29 8 - 26 - 3 - 8 32 5 - 

R-6: 27 16 11 - 22 - - - 5 22 5 - 

R-7: 21 13 8 - 21 - - - - 15 3 3 

Total: 400 270 130 - 269 - 104 - 27 379 18 3 

 

Note that: 

(i) Only 0,75% of applicants failed the prescribed visual acuity test. 

(ii)Cat-2 (Code B or EB) is the most popular renewal category (67,25%) at the Ray-

ton DLTC. 

(iii)Cat-5 (highest Code C with (A1/A optional)) has no representation. 

(iv)76,92% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(v)We observe noticeable lower renewal numbers (14,5% of sample) from the age 

56 years and older. 

(vi) Gender renewal ratio Male: Female = 67,5%: 32,5%. 
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Table 3. Bronkhorstspruit DLTC 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 87 45 42 16 34 2 21 - 14 83 4 - 

R-2: 160 110 50 8 28 - 84 - 40 158 2 - 

R-3: 82 39 43 6 20 - 44 - 12 76 6 - 

R-4: 36 8 28 2 10 - 18 - 6 32 4 - 

R-5: 24 14 10 2 10 - 2 - 10 20 4 - 

R-6: 9 4 5 - 7 - - - 2 5 4 - 

R-7: 2 2 - - - - - - 2 2 - - 

Total: 400 222 178 34 109 2 169 - 86 376 24 - 

 

Note that: 

(i) None (0,00%) of applicants failed the prescribed visual acuity test. 

 (ii) Cat-4 (Code C1) is the most popular renewal category (42,25%) at the Bronk-

horstspruit DLTC. 

(iii) Cat-5 (highest Code C with (A1/A optional)) has no representation. 

(vi) 88,17% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(v) We observe noticeable lower renewal numbers (8,75% of sample) from the age 

56 years and older. 

(vi) Gender renewal ratio Male: Female = 56,00%: 44,00%. 

 

Table 4. Waltloo DLTC 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 91 63 28 1 54 24 8 - 4 72 16 3 

R-2: 312 224 88 8 100 60 116 7 21 280 32 - 

R-3: 165 120 45 8 68 16 33 12 28 133 30 2 

R-4: 100 68 32 - 24 13 16 24 23 68 29 3 

R-5: 76 69 7 - 31 - 13 - 32 68 7 1 

R-6: 44 28 16 - 4 11 7 6 16 23 21 - 

R-7: 12 12 - - 4 - - 8 - 12 - - 

Total: 800 534 266 17 285 124 193 57 124 656 135 9 

 

Note that: 

(i) Only 1,125% of applicants failed the prescribed visual acuity test. 

(ii) Cat-2 (Code B or EB) is the most popular renewal category (35,625%) at the 

Waltloo DLTC. 

(iii) 81,35% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(iv) We observe noticeable lower renewal numbers (16,5% of sample) from the age 

56 years and older. 

(v) Gender renewal ratio Male: Female = 66,75%: 33,25%. 

 

Table 5. Akasia DLTC 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 47 31 16 - 32 - 15 - - 43 4 - 

R-2: 208 100 108 2 124 21 61 - - 197 9 2 

R-3: 209 128 81 - 101 40 68 - - 191 17 1 

R-4: 140 80 60 - 48 44 27 1 20 120 20 - 

R-5: 133 75 58 4 85 28 4 4 8 83 49 1 

R-6: 39 22 17 - 19 8 4 8 - 27 10 2 

R-7: 24 16 8 - 20 4 - - - 8 16 - 

Total: 800 452 348 6 429 145 179 13 28 669 125 6 
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Note that: 

(i) Only 0,75% of applicants failed the prescribed visual acuity test. 

(ii) Cat-2 (Code B or EB) is the most popular renewal category (53,625%) at the 

Akasia DLTC. 

(iii) Cat-5 (highest Code C with (A1/A optional)) has some presence (1,5%). 

(iv) 80,45% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(v) We observe noticeable lower renewal numbers (24,5% of sample) from the 

age 56 years and older. 

(vi) Gender renewal ratio Male: Female = 56,5%: 43,5%. 

 

Table 6. Accumulative Data Table 

Age Range Male Female Cat-1 Cat-2 Cat-3 Cat-4 Cat-5 Cat-6 Pass Cert Fail 

R-1: 393 224 169 23 267 27 55 - 21 364 26 3 

R-2: 1045 658 387 18 538 93 325 7 68 955 82 8 

R-3: 738 441 297 19 352 82 222 12 55 663 72 3 

R-4: 461 256 205 4 215 65 86 25 66 376 82 3 

R-5: 344 233 111 6 200 36 26 4 72 257 79 8 

R-6: 147 74 73 - 80 19 11 14 23 95 50 2 

R-7: 72 50 22 - 55 7 - 8 2 46 21 5 

Total: 3200 1886 1314 71 1707 329 721 70 307 2756 412 32 

 

In summary note that: 

(i) Most likely less than 1% of applicants finally fail the prescribed visual acuity test. 

The reason for this conclusion is because the data did not reflect those who failed 

an eye-test at a DLTC on first event and passed the eye-test at an optometrist as 

second event. 

(ii) Cat-2 (Code B or EB) is the most popular renewal category (53,34%) overall. 

(iii) Cat-5 (highest Code C with (A1/A optional)) is close to redundant as a heavy 

vehicle driving license category. 

(iv) 83,495% of Cat-4 (Code C1) subsample are in the R-1 to R-3 age range. 

(v) We observe noticeable lower renewal numbers (11,16% of sample) from the age 

56 years and older. 

(vi) Gender renewal ratio in the City of Tshwane Male: Female = 58,94%: 41,06%. 

(vii) The Rayton DLTC shows distinct male applicant preference. 

(viii) Bronkhorstspruit DLTC shows a perhaps questionable, 0% eye test failure rate. 

 

Synopsis of Vehicle Population and Driving License Holders in South Africa 

The most reliable source of the vehicle population in the South African context is e-

NaTIS. The most recent published statistics to date (29 February 2016) confirms that Code B 

or EB is the minimum driving license requirement for 89,83% of registered motor vehicles 

(GVM 3500 kg). A further 6,05% comprises of motorcycles, quadru-cycles, tricycles and other 

self-propelled light vehicles. All other vehicles (GVM > 3500 kg) hence, < 4,1% require at 

least a Code C1 or higher driving license code. 

The same statistics release indicates the following numbers per driving license code 

in Gauteng Province: Code A1 = 44706; Code A = 173290; Code B = 961450; Code EB = 

1 313283; Code C1 = 1 116164; Code C = 4519; Code EC1 = 227126; Code EC = 

294892. Clearly the 26,99% Code C1 driving license holders are disproportionate to the 

intended vehicle population (< 4.1%). 
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Conclusion and Further Research 

 

The researchers are in agreement that vision fitness is of importance. However, re-

search indicates the cognitive interpretation of visual stimuli is of greater importance. Legis-

lation sets standards for visual acuity and visual field but ignores more important visual per-

formance factors such as color vision, stereopsis (depth perception) and contrast sensitivity. 

In a recently published study by Boadi-Kusi et al. [5] it was concluded convincingly that com-

prehensive eye examination by appropriate professionals to detect conditions such as refrac-

tive errors, binocular vision anomalies and monocular blindness, is far more important than 

simply testing visual acuity as is currently the case. 

The data analysis strongly suggests, almost in the absolute sense, that the current 

eye-testing protocol in the South African context is obsolete and it adds little value to driver 

fitness as a holistic concept. It is doubtful whether the current eye-tests have any determinis-

tic relation as a meaningful causal factor in the catastrophic rate of serious/fatal/pedestrian 

accidents in South Africa. In practical terms it is required from license holders to spend long 

hours in service queues and in many instances it requires a revisit. Since the economic im-

pact of the time wasted has not been assessed it offers scope for further research. Anecdotal 

evidence (complaints and public debate forums) suggests that for many drivers the waste of 

time is unaffordable. It is suggested that this is the single most important procedure prevent-

ing the elegant solution of on-line driving license card renewals. It is further suggested that if 

the current eye-test standards and protocol be sustained, that the acceptance of an optome-

trist certificate be promoted to minimise the number of those queuing for eye-tests at a 

DLTC. 

A noticeable imbalance in the ratio of Code C1 license holders versus the vehicle 

population requiring that driving license code is observed. This observation raises the myste-

rious question for which a plausible answer should be researched. Why is it that so many 

decision makers and DLTC's claim the existence of a high demand for Code C1 driving li-

cense testing for a vehicle category < 4,1% of the vehicle population? Secondly, is there any 

correlation between the increasing number of Code C1 driving license holders and the car-

nage on South African roads? The respected digital research company, Pondering Panda, 

released a survey in May 2013 in which it reliably reported that corrupt driving license test-

ing is rife in South Africa. In particular, Cat-4 is of interest because anecdotal evidence sug-

gests strongly that Code C1 driving testing is the most corrupt driving testing code in the 

South African context. 

With the observation that Code C is practically a redundant driving license catego-

ry, it comes to mind that the deletion of Code C1 and C together with a prerequisite of com-

pulsory Code B or EB with a minimum number of years driving experience prior to graduat-

ing to Code EC1 or EC could be a feasible intervention in reducing heavy vehicle accidents. 

The aforesaid is based on the well-known principle of induction skilling through repetition as 

stated in an ancient Latin proverb, 'Repetitio mater studiorum est'. Hence, the proposal is 

based on the principle that developing comprehensive driving skills and the required cogni-

tive skills while restricted to driving a light motor vehicle is likely to be, a safer option than 

developing same while driving heavy vehicles or an articulated tractor with interlinked trail-

ers. An immediate intuitive challenge will be the resistance from the many existing driving 

schools specialising only in Code C1 instruction and testing. Perhaps, within the South Afri-
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can context, we have an example of an undesirable driving license category that cannot be 

corrected due to the anticipated civil unrest which might follow. 
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Abstract: 

Thermal manipulation during incubation has been shown to have positive effects on perfor-

mance and mortality of broilers in later life. This only holds when chickens are exposed to tem-

peratures in later life they already experienced during the embryonic phase. Hardly known are 

the effects of thermal manipulation in layer chickens and furthermore the consequences of a 

mismatch between incubation temperature and later life ambient temperature. In this study, 

both cold and warm thermal manipulation was investigated in broilers and layers and the ef-

fects in later life during high temperatures. During d 7 to 16 of incubation broiler and layers 

eggs were exposed to an eggshell temperature (EST) of 37.5
o
C (C), a high EST of 39.5

o
C for 12 

h per d (H), or a low EST of 36.5
o
C for 12h per d (L). Hatchability was not affected by breed, but 

was higher in the H treatment (96.3%) than in both other treatments (92.3% on average). Yolk 

free body mass was higher in C chickens, followed by H and L chickens in both breeds, whereas 

the opposite was found for the residual yolk. Body weight till 28d of age was hardly affected by 

incubation temperature treatment, but body temperature was higher in L chickens than in C and 

H chickens till 14d of rearing in broilers and till 21d in layers. Mortality during rearing was not 

affected by breed, but was considerable higher in L chickens (6.7%) than in C (1.8%) and H 

(1.2%) chickens.  Based on this study, we concluded that layers act more or less comparable 

during and after thermal manipulation than broilers. Secondly, a mismatch between incubation 

temperature and rearing temperature will not only result in higher body temperatures, but also 

in considerable higher mortality in later life.  

Key words: thermal manipulation, poultry incubation, quantitative methods 

 

 

Introduction 

 

Extensive progress in genetic selection of fast growing broiler chickens and high 

yielding laying hens has resulted in high heat production rates and consequently in a re-

duced ability to cope with high temperatures (Yahav et al., 2004a, b, 2009; Collin et al., 
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2007). This can lead to poorer post hatch performance, including high mortality (Yahav and 

Plavnik, 1999), which can have a substantial importance for poultry industry, particularly in 

(sub)tropical countries (Moraes et al., 2003; Collin et al., 2005).  

A way to prepare chickens to the high environmental temperatures in later life is 

epigenetic temperature adaptation or thermal manipulation (Minne and Decuypere, 1984; 

Tzschentke et al., 2004; Yahav et al., 2009). Instead of maintaining a constant temperature 

throughout incubation, which has been shown to result in best hatchability and chickens 

quality in moderate climates (French, 1997; Lourens et al., 2005), increasing or decreasing 

the temperature during certain critical periods of embryo development might stimulate the 

development of different physiological control systems (Yahav et al., 2009). In that way ca-

pacity of chickens to cope with heat stress (Yahav et al., 2009) or cold stress (Shinder et al., 

2009, 2011) in later life might be improved.  

The direction of the thermal manipulation and expected temperature in later life 

should match to find positive effects of thermal manipulation has been suggested by (Yalçin 

et al., 2010). In case chickens were programmed to high temperatures in later life, but ex-

posed to normal temperatures (mismatch), body weight gain was lower than in the chickens 

programmed in the same way, but exposed to high temperatures in later life (match) (Yalçin 

et al., 2010). However, evidence whether this is also true under practical conditions is lack-

ing. Furthermore, it is not clear whether in laying hens, comparable effects will be found 

than in broilers, because almost all studies to thermal manipulation are performed in broil-

ers. Thermal manipulation could have comparable effects in layers than in broilers, but both 

this was not proven under practical circumstances and furthermore, effects of match and 

mismatch between embryonic and later life temperature are also not known in layers (Wal-

stra et al., 2010).  

The aim of this experiment was to investigate the effects of thermal manipulation in 

both broilers and layers under practical circumstances and furthermore to investigate effects 

of match or mismatch between temperature during incubation and in later life on growth 

performance and body temperature of chickens. 

 

Materials and methods 

 

Experimental Design 

The experiment was conducted in the central part of Bangladesh during summer 

2010, which means that high temperatures were observed during the experimental period. 

The experiment was carried out at the facilities of Kazi Farms Group, Dhanmondi, Dhaka, 

Bangladesh. The experiment consisted of two phases; 1) the incubation phase and 2) the 

rearing phase. During incubation, broiler and layer eggs were incubated at a control egg-

shell temperature, a high temperature during 7d to 16d for 12 h per day, or a low tempera-

ture during d 7 to 16 for 12 h per day. During rearing, male and female chickens were 

reared separately till 28d of age. 

 

Eggs, treatments, and incubation 

Eggs of a Cobb 500 broiler parent flock, aged 44 wk and a Hyline-Brown layer 

parent flock, aged 50 wk were used in this experiment. Per parent flock 600 eggs were col-

lected, weighing between 65 and 70 g for the broilers and between 55 and 60 g for the 

layers. After weighing, eggs were randomly divided over 3 treatments of 200 eggs each. 
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Treatments were high incubation temperature (H), low incubation temperature (L) and con-

trol incubation temperature (C), resulting in six treatment groups (BH, BL, and BC for broil-

ers and LH, LL, and LC for layers). The control treatment consisted of an eggshell tempera-

ture (EST) of 37.5
o
C (French, 1997; Lourens et al., 2005) throughout incubation. Eggs in the 

H treatment were incubated at an EST of 39.5
o
C for 12 h per d from 7d to 16d (Yahav et al., 

2009), whereas eggs in the L treatment were incubated at an EST of 36.5
o
C for 12 h per day 

from 7d to 16d. The incubation temperature for the other 12 h per d in the H and L treat-

ment was maintained at 37.5
o
C. Eggs were incubated in a single stage incubator (Ei Fuzzy 

Computer Incubator, Qingdao Yingyi Electronic Equipment Co. LTD). Eggs of both broilers 

and layers of each treatment were incubated in the same incubator, meaning that 3 incuba-

tors were used. EST was controlled at each experimental day by using an infra-red digital 

thermometer just after starting the increase or decrease of the EST and also 6 h later. Eggs 

were turned hourly from the start of incubation till candling at day 18 of incubation.  

After candling at 18d, eggs were transferred to a hatcher (Ei Fuzzy Computer Incu-

bator, Qingdao Yingyi Electronic Equipment Co. LTD). After pull out at 21.5d chickens were 

manually graded and sexed. Color and feather sexing was applied for layers and broilers, 

respectively. Chickens were graded as 1 (no defects), 2 (not dry, small size, weakness), or 3 

(anomalies, blindness, four legs, unabsorbed yolk, brain exposure). All apparently infertile 

eggs (18d) and unhatched eggs (hatching) were opened to determine true fertility or mo-

ment of death. Moment of death was recorded as early (1d to 7d), mid (8d – 14d) and late 

(15d -21d) using the breakout analysis manuals of Cobb and Hy-line. Fertility was calculated 

as number of fertile eggs / number of set eggs, whereas hatchability was calculated as num-

ber of hatched chickens / number of fertile eggs. 

At pulling, per treatment group 7 male and 7 female chickens were decapitated to 

determine residual yolk (RY) weight and yolk free body mass (YFBM), where YFBM was cal-

culated as chicken weight – RY.  

 

Rearing 

Only grade 1 chickens were used during the rearing period till 28d of age. A total 

of 443 broiler chickens and 457 layer chickens were reared in one of two sheds at the same 

location. Within these chickens, 15 male and 15 female chickens per treatment group were 

tagged to determine BW during rearing. Male and female chickens were housed separately 

in floor pens containing litter of rice hulls and calcium oxide. All male or female chickens of 

each treatment were housed in one pen, meaning that in total 12 pens (6 pens per shed) of 

approximately 75 chickens per pen were used.  

Chickens were reared under normal environmental and management conditions as 

exists in Bangladesh. Chickens had ad libitum access to commercial available feed and water 

throughout the rearing period. All chickens were vaccinated against Newcastle disease at 3d 

and Infectious Bursal Disease at 18d of the rearing period. Additionally, layer female chick-

ens were vaccinated against Marek’s disease at hatch day. 

 

Measurements 

Body weight of the 30 chickens per treatment (15 males and 15 females) was de-

termined at 0, 7, 14, 21, and 28d of rearing on pen basis. Cloacal temperature (Tb) of 7 

male and 7 female randomly chosen chickens per treatment was determined at the same 

days as BW. Mortality was recorded on daily basis per treatment group.  
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Statistical analyses 

All data were analyzed with SAS version 9.2 (SAS Institute Inc., Cary, NC) software. 

Logistic regression model was used to analyze Fertility, hatchability of fertile eggs, and week 

of embryo mortality.  For fertility the model contained only breed as factor, whereas for 

hatchability and mortality breed, temperature (treatment) and their interaction were included 

in the model considering Egg as experimental unit.  

BW, YFBM, and RY weight at hatch were analyzed by developing Analysis of Vari-

ance (ANOVA) model where breed and temperature were used as factors with their interac-

tion considering Chicken as experimental unit. The Bonferonni correction was applied for 

adjusting multiple comparisons. 

Linear Mixed Model was used to analyze BW and Tb during rearing. The model was 

developed using Breed and temperature as factor with their interaction considering pen as 

repeated subject. We found that compound symmetry (CS) structure was the best fit, and was 

used for within-pen variation.  

Mortality during rearing was also analyzed by developing Logistic regression mod-

el. In this case we also used Breed and Temperature as factor with their interaction consider-

ing Chicken as experimental unit. Data were expressed as LSMeans ± SEM and statistically 

significant was considered at P≤0.05. 

 

Results 

 

Fertility and hatchability 

Average fertility was 83.1% and 90.8% for broiler and layers, respectively 

(P<0.001; Table 1). Hatchability of fertile eggs was not affected by breed (94.5 and 92.8% 

for broilers and layers, respectively), but was higher at the High incubation temperature than 

in both other temperatures (96.3 vs. 92.9 vs. 91.7%, for H, C, and L incubation temperature, 

respectively). Mortality per week was not affected by week or incubation temperature (Table 

1).  

 

Table 1. Effect of breed and incubation temperature profile during d 7 -16 of incubation on 

fertility, hatchability, and weekly mortality. 

1. Breed Broilers Layers P-value 

Temperature
1
 H C L H C L breed temp. int. 

Fertility, % 83.1 90.8 <0.001 - - 

Mortality wk 1, % 1.2 2.5 1.8 1.6 4.1 4.3 0.20 0.32 0.86 

Mortality wk2, % 0.6 0.0 0.6 0.0 0.6 0.5 1.00 1.00 1.00 

Mortality wk3, % 1.2 4.3 4.2 2.7 2.9 4.9 0.65 0.16 0.50 

Hatchability, % 96.9 93.3 93.3 95.7 92.4 90.2 0.29 0.05 0.88 

1
 Low (L): EST=36.5

o
C for 12 h/d; Control (C): EST=37.8

o
C for 24 h/d; High (H): EST=39.5

o
C for 12 h/d. 

 

 

BW, YFBM, and RY at hatch 

BW, YFBM, and RY at hatch showed an interaction between breed and incubation 

(Table 2). For broilers no differences in BW were observed among incubation, but for layers 

BW of H chickens were lower than of L chickens with C chickens intermediate. YFBM was 

higher in broiler chickens than in layer chickens, but within each breed the C chickens had 

higher YFBM than H chickens with the lowest value for L chickens. The RY was on average 
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higher in broilers than in layers, but within broilers the C chickens had lowest value, fol-

lowed by H and L chickens. In layers, H and C chickens had the same RY, with a higher val-

ue for the L chickens. 

 

Table 2. Effect of breed and incubation temperature profile during  7d -16d of incubation 

on body weight at hatch (BW), yolk free body mass (YFBM), and residual yolk (RY) 

(LSmeans) 

Breed Broilers Layers SEM P-value 

Tempera-

ture
1
 

H C L H C L  breed temp. int. 

BW, g 47.7
a
 48.4

a
 49.2

a
 40.3

c
 41.2

bc
 41.6

b
 0.2 <0.001 <0.001 0.03 

YFBM, g 41.6
b
 42.7

a
 40.3

c
 36.1

e
 37.1

d
 35.3

f
 0.1 <0.001 <0.001 <0.001 

RY, g 7.1
b
 5.8

c
 8.9

a
 4.2

d
 4.1

d
 6.2

bc
 0.2 <0.001 <0.001 0.007 

1
Low (L): EST=36.5

o
C for 12 h/d; Control (C): EST=37.8

o
C for 24 h/d; High (H): EST=39.5

o
C for 12 h/d. 

a,b
 Values within a row, lacking a common superscript differed (P≤0.05). 

 

 

Rearing 

Average ambient daytime temperature during the rearing period was 33.4
o
C 

(range 32.1-36.5
o
C). Daytime shed temperature on chicken level in the same period was on 

average 35.7
o
C (range 33.3-37.3

o
C). Nighttime ambient temperature was not recorded, but 

was in the specific period between 25 and 30
o
C.  

BW during the rearing phase showed a strong breed by day interaction (P<0.001), 

with diverging higher values for broilers from hatching onward (Figure 1a, b). Within broilers 

(P=0.007) and layers (P=0.009) an interaction between temperature and day of rearing was 

found for BW. In broilers no effect of temperature treatment was found at 1, 7, and 28d. At 

day 14 BW was lower in L chickens compared to C and H chickens, whereas this difference 

at day 21 was only significant between C and L chickens. In layers, BW did not differ among 

treatments at day 1, 7, 14, and 21, but at day 28 H chickens had higher BW than both other 

treatments. Sex differences were found in broilers from day 21 and from d 14 onward in 

broilers and layers, respectively, with higher values for males (data not shown). 
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Figure 1. Effects of eggshell temperature (EST) during day 7 to 16 of incubation on BW of 

broiler (A; overall SEM=4.4) and layer (B; overall SEM=3.5) chickens from 0d – 28d after 

hatch (LSmeans). Low (L): EST=36.5
o
C for 12 h/d; Control (C): EST=37.8

o
C for 24 h/d; High 

(H): EST=39.5
o
C for 12 h/d. a,b = values within day and breed lacking a common super-

script differ (P≤0.05). 

 

Rectal temperature (Tb) showed a significant interaction between breed, tempera-

ture, and day of rearing (P=0.005). No sex effect or interaction with sex was found. Within 

each breed (broilers: P=0.01; layers: P=0.02) an interaction between temperature and day 

was found (Figure 2a, b). In broilers, no effect of temperature treatment was found at day 

14, 21, and 28, but Tb was lower in H chickens than in C and L chickens at day 0 and 7. In 

layers, no effect of incubation temperature was found at d 21 and 28, but Tb was higher in L 

chickens than in C and H chickens at day 0 and 7, whereas at d 14this difference was only 

significant between C and H chickens. 
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Figure 2. Effects of eggshell temperature (EST) during day 7 to 16 of incubation on body 

temperature (Tb) of broiler (A; overall SEM=0.22) and layer (B; overall SEM=0.16) chickens 

from 0d – 28d after hatch (LSmeans). Low (L): EST=36.5
o
C for 12 h/d; Control (C): 

EST=37.8
o
C for 24 h/d; High (H): EST=39.5

o
C for 12 h/d. a,b = values within day and 

breed lacking a common superscript differ (P≤0.05). 

 

Mortality during rearing did not shown an interaction between breed and tempera-

ture (P=0.88) and was not affected by breed (P=0.23), but was higher in the L chickens than 

in the C and H chickens (Figure 3).  

 

Figure 3. Effects of eggshell temperature (EST) during day 7 to 16 of incubation on mortality 

of broiler and layer chickens from 0d- 28d after hatch. Low (L): EST=36.5
o
C for 12 h/d; Con-

trol (C): EST=37.8
o
C for 24 h/d; High (H): EST=39.5

o
C for 12 h/d. 
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Discussion 

 

We investigated effects of thermal manipulation during incubation on chicken qual-

ity and later life performance. The high incubation temperature treatment was based on the 

large experiences with thermal manipulation by (Piestun et al., 2008a, b; 2009; 2011) in 

broilers, whereas the low incubation treatment was not based on literature. Cold thermal 

manipulation as described in literature (Shinder et al., 2009, 2011) was performed at 18d 

and 19d of incubation. Because Piestun et al. (2008a, b) showed that high thermal manipu-

lation was most effective when provided between incubation 7d and 16d, we have chosen 

also to lower the incubation temperature in that specific period. A decrease of 2 or 3
o
C in 

incubation temperature provided at the end of incubation seems to be no problem (Shinder 

et al., 2009, 2011; Willemsen et al., 2011), but at day 7, when heat production of embryos 

is still low (Lourens et al., 2006), a decrease of 2
o
C might lead to negative effects on hatcha-

bility and chicken quality. Therefore, we have chosen to lower the incubation temperature 

with only 1
o
C compared to the control treatment.  

The significant higher hatchability in the H treatment eggs was in accordance with 

Yahav et al. (2004a) and Collin et al. (2007), whereas Yahav et al., (2004b), Collin et al. 

(2005), Piestun et al. (2008a, b, 2011), Walstra et al. (2010), and Willemsen et al. (2011) did 

not find an effect and Willemsen et al. (2010) found a negative effect of high thermal ma-

nipulation on hatchability. These ambiguous results might be related to differences in used 

temperature, moment, and duration of thermal manipulation during incubation. At the other 

hand, it can be speculated that due to epigenetic effects eggs from breeders in hot climates 

need higher incubation temperatures to obtain maximal hatchability than breeders from 

more mild climates. However, this seems to conflict with the results from the current study, 

which showed that eggs receiving the H treatment delivered chickens with higher RY and 

lower YFBM. A higher RY and lower YFBM seem to reflect a poorer chicken quality (Lourens 

et al., 2005; Molenaar et al., 2010; Willemsen et al., 2010). Molenaar et al. (2011) specu-

lated that the lower YFBM and higher RY after high incubation temperatures, particularly 

during late incubation are due to the reduce yolk lipid oxidation, which might be due to a 

lack of oxygen (Moran, 2007; De Oliveira et al., 2008).  

Thermal manipulation has been shown to improve thermo tolerance (Yahav et al., 

2004a,b, 2009; Piestun et al., 2008a,b, 2011). Results found in the current study confirm 

these findings with lower Tb in H treated chickens and higher Tb in L treated chickens. Re-

sults also showed that effects of thermal manipulation in Tb were strongly comparable in 

broilers and in layers; whereas effects on Tb in broilers lasted till d 14, effects in layers were 

still present at d 21.  

Besides effects on Tb, thermal manipulation also can improve chicken performance 

(Halevy et al., 2001). In the current experiment hardly any effect was found on BW of the H 

treatment and only the L treatment showed in broilers a small negative effect on BW. In lay-

ers the H treatment had a positive effect on BW only at 28d. That the effects on BW in the 

current study were small is possibly due to the short rearing period we had.  

The current study made clear that L treated chickens exposed to high ambient tem-

perature in later life have difficulties to maintain their BW, showing that a mismatch in expe-

rienced and expected temperature can give negative effects on BW as shown by Yalçin et al. 

(2010). This confirm studies in which chickens incubated at a high temperature prefer a 

higher ambient temperature in later life (Tzschentke and Basta, 2002; Yahav, 2009). Moreo-

ver, the mismatch in experienced and expected temperature became evident in the current 

experiment when mortality rate was taken into account. The H and C treatment had both a 
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low mortality rate, but the L treatment had a considerable mortality rate, both in broilers and 

layers. The cause of the higher mortality in L incubated chickens might be related to hypo-

thalamic threshold responses (Yahav, 2009), indicating that L incubated chickens were more 

sensitive to high ambient temperatures.  

We conclude from this experiment firstly that layers act more or less comparable 

during and after thermal manipulation than broilers. Secondly, a mismatch between incuba-

tion temperature and rearing temperature (expected and experienced temperature) will not 

only result in higher body temperatures, but also in considerable higher mortality during 

rearing. Both in scientific studies and in practice it seems interesting (or may necessary) to 

take expected seasonal temperature into account, when incubating both broiler and layers 

eggs.  
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Abstract: 

CSR has its origins necessity of implementing different from one organization to another, de-

pending on several factors: company size, products, activities, territorial dispersion, suppliers, 

leadership and reputation etc. However, the common factor is that in a responsible and applica-

tion of sustainable development strategies go beyond considerations on building a reputation, 

being directly associated business continuity, employee morale and market expansion. Ideally, 

CSR policies at the organization operates as a self-regulatory mechanism integrated into the 

organization's functioning by companies to monitor and ensure compliance with legislation, 

ethical standards of operation and not least the international standards. Unfortunately, the im-

portance of using CSR in small and medium enterprises continues to be negatively influenced by 

reporting against multinationals and large companies practices. Consequently, it is common 

practice that the judge SMEs in terms of strategies, methods and objectives set in companies 

mentioned above. The results of our research highlights the peculiarities of CSR in small firms, 

generated by a unique combination of features and their chronic lack of resources allocated for 

this purpose. 

 

Key words: small and medium enterprises, entrepreneurship; corporate social responsibility 

 

 

Stakeholder, CSR and entrepreneurship 

 

Freeman (1984) defined stakeholders as “any group or individual who can affect or 

is affected by the achievement of the firm’s objectives”. In 2002, he suggested that business-

es should redistribute benefits and important decision-making power to all stakeholders 

based on the share they make.  

On the other hand, SMEs are “a heterogeneous group of business, ranging from a 

single artisan working at home and producing handicrafts to sophisticated software-

producing companies selling in specialised global niches” (Fischer and Reuber 2005). 

Westhead and Storey (1996) consider that “theories relating to SMEs must consider the moti-

vations, constraints and uncertainties facing smaller firms and recognise that these differ 

from those facing large firms”. Short-range management perspective, lack of coaching for 

employees and capital are some of the characteristics commonly seen in SMEs (Nicolescu O 

et al, 2009; Ceptureanu EG, 2015a; Ceptureanu EG, 2015b). These traits often restrict the 

organisation’s ability to focus on strategic objectives (Jenkins 2006; Spence 2000). Small and 
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medium companies also tend to have organisational structures and management styles that 

are different from larger organisations (Ceptureanu SI et al, 2012). The “simple, flexible and 

highly centralised management structure” (Mintzberg 1979) of SMEs is further “reinforced by 

the limited number of hierarchical levels” (MacMillan 1975).  

There is a lack of consensus regarding SMEs’ familiarity and their perception of CSR 

in the literature (Ceptureanu SI, 2015a; Ceptureanu EG et al, 2012). Gerstenfield and Rob-

erts (2000), Hitchens (2005), Ceptureanu SI (2015b) and Hunt (2000) have identified factors 

such as lack of knowledge and involvement of entrepreneurs in daily activities affecting their 

ability to engage in social activities. Curran (2000) and Thompson (1993) found SMEs to 

have fewer CSR programmes aimed at their local community compared to customers and 

employees.  

Carr (2003) suggests that “responsibility and ethics is a personal ethos that informs 

the practice of any business”. In the case of SMEs, this implies that personal ethos and busi-

ness behaviour is inseparable (Fuller et al. 2006; Ceptureanu SI et al, 2015a).  

It is well established that social interaction with stakeholders shapes responsible 

behaviour of SMEs more than in large organisations (Fuller et al., 2006; Ceptureanu SI et al, 

2012). The extent of CSR participation with different stakeholders thus reflects the influence 

that they have on the decisions taken by the SME entrepreneurs. Ceptureanu EG (2015c) 

found that small businesses in Romania prioritise the demands of dominant stakeholders 

over discretionary stakeholders. Murillo (2006), Popa Ion (2009) and Ceptureanu EG (2014) 

noted that the most important factor that legitimates participation in social activities is finan-

cial objectives and community expectations receive lesser importance. Other specialists (Gof-

fee and Scase 1995; Spence and Rutherfoord 2001) oppose the notion of profit maximisa-

tion as the key motivation of small company entrepreneurs, and therefore argue that ful-

filling expectations of dominant stakeholders may not be an imperative for SMEs. Finally, 

Ceptureanu EG (2015c) and Ceptureanu SI (2015a) observed that Romanian SMEs prioritise 

economic objectives over the needs of community stakeholders.  

 

The research design and findings 

 

A qualitative case-study research methodology was applied to investigate the CSR 

approaches undertaken by Romanian SMEs. The issue under exploration is a real-life situa-

tion where the boundaries between the phenomenon and the body of knowledge are un-

clear (Yin 2009). This was the case because CSR has been probed by numerous disciplines 

through the application of various theoretical frameworks, each interpreting the context from 

their own perspective. This research was conducted in the Bucharest- Ilfov region of Roma-

nia. A sequential sampling technique was adopted to ensure all possible interpretations get 

captured. After 121 interviews, we achieved data saturation and discontinued with the data 

collection process. Cases were purposively chosen from a wide range of business sizes em-

ploying between 1 and 249 employees, and industry sectors including manufacturing, con-

sultancy and services. One in-depth interview for each of the participating organisations was 

arranged either with the entrepreneurs or the managers who were directly responsible for 

their respective business’ social responsibility. Given that the topic is sensitive and informants 

may respond in a socially desirable way, interviewers developed a rapport with the inter-

viewees prior to data collection, phrased interview questions to make the participants com-

fortable irrespective of their participation in CSR, applied multiple tests of validity and relia-
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bility, and finally triangulated data with information available from secondary sources such 

as annual reports, company brochures, media publications, etc. Although the limited number 

of cases does not represent the entire sector, it enabled collection of rich data revealing 

some of the most crucial aspects of SME approach to CSR. 

Most of the SMEs were not familiar with the term CSR. After it was explained in 

common language, without demarcating the boundaries of such activities, varying under-

standings of the concept were put forward, all of which were taken into consideration. 

Among the four most popular explanations, these being looking after people who support 

the business, giving back to the community, being a community member and operating the 

business ethically, the first three reflect a strong philanthropic perception.  

Some respondents perceived CSR as creating business reputation, helping commu-

nity organisations and following social norms. Interestingly, all SMEs believed that they have 

some social obligations, but none viewed the concept as just an economic or legal responsi-

bility of the business. 

The impacts of CSR expenses were mixed. Of the 121 participants, 31% experi-

enced very little impacts, while 21% regarded the impacts as “fairly strong”. Another 48% felt 

a moderate impact, but most of them preferred to manage the costs by limiting their CSR 

activities instead of disengaging from such practices. 21% included them in the budgeting 

process, and 11% sponsored activities and charities that matched the company’s profile. 

Only 11% enterprises regarded CSR expenses as an investment with the expectation of long-

term business benefits. SMEs did not see any contradiction between the economic objectives 

and their moral obligations, rather considered CSR as a morally correct behaviour. However, 

all respondents shared the view that businesses need to remain profitable in order to meet 

their moral obligations. 

CSR decisions in most businesses were independently taken by the entrepreneurs, 

except for one that had investors and a range of stakeholders involved due to their organisa-

tional structure. Although 72% of the participants encouraged staff and/or peers to partici-

pate and one accepted suggestions from suppliers, the decision making power was still held 

by the entrepreneurs. 31% did not allow any stakeholder to participate. Nevertheless, the 

CSR agenda of the company in which a range of stakeholders collectively took the decisions 

was not much different from the company where the entrepreneurs were the only partici-

pants, both being equally philanthropic. Likewise, companies in which employees participat-

ed were also involved in charities and sponsorships, often without any benefit for their staff. 

This implies that the participation of stakeholders did not influence the CSR decisions and 

that community remains at the forefront of SME social responsibility.  

Another notable aspect was that most entrepreneurs struggled to identify their 

stakeholders. 10% of participants understood stakeholders as those who own a share in the 

business, while another 10% said that “we do not have any stakeholders”. After the inter-

viewer explained the meaning of stakeholder, nearly half of the respondents reported that 

there was no influence from their stakeholders. Further probing, however, revealed that their 

participation in CSR activities was more tuned to the demands of their social expectations. 

Among those that admitted some kind of influence, the majority referred to discretional 

stakeholders. Thus, lower salient stakeholders appeared to have a greater impact on CSR 

decisions.  

Nearly all participants identified building business reputation as their primary goal 

to participate in CSR. SMEs with aims such as fulfilling personal satisfaction and to be seen 
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as a community member, were greater in number than those having economic objectives 

such as motivating staff and meeting stakeholder expectations. More importantly, none of 

the participants undertook social activities exclusively for their definitive or dominant stake-

holders. Hence, the most common underlying motivation was to build relationships and net-

works with community members that improve the business’ image and at the same time, 

increase their personal satisfaction. In other words, economic goals were not the predomi-

nant motivation for SMEs to engage in CSR. 

Informal discussion with the interviewees further revealed that SMEs had no ad-

vanced planning for CSR. They either wanted to continue their ongoing activities or adapt to 

their stakeholders’ expectations. Although the large SMEs appeared to be proactive, they did 

not have any intention to leverage CSR for the benefit of their business. Like most partici-

pants, they saw it as “an opportunity for social involvement”.  

Interviewees clarified this apparently confusing behaviour by stating that connec-

tions with these institutions or associations are instrumental for the purpose of networking 

and information sharing. Some discussed the increased negotiation power that they gain 

through these networks to influence stronger stakeholders like governments. Others ex-

plained how these associations educated them about the upcoming market trends and intro-

duced the business to markets which they would not otherwise have explored. 

 

Table 1. Empirical Summary of the Prime Factors 

Questions Yes N 
Sample 

P 

Exact p- 

value 

Incidence of 

0.05 level of 

significance 

Workplace practices 108 121 0.90 0.001 Yes 

Company values 121 121 1 0 Yes 

Social and community policies 75 121 0.59 0.36 No 

 

Table 2. Empirical summary with the Sub-factors 

Questions Yes N 
Sample 

P 

Exact p- 

value 

Incidence at 0.05 

level of  

significance 

Workplace practices 108 121 0.90 0.001 Yes 

Company values 121 121 1 0 Yes 

Social and community policies 75 121 0.59 0.36 No 

 

Discussion and conclusion 

 

The concept of CSR continues to be as fluid, as discussed in the literature. Despite a 

range of understandings put forward, SMEs agree that businesses have obligations beyond 

economic and legal responsibilities. In fact, SMEs see participation in such activities as an 

obligation towards the community members who trust them, and an opportunity to show 

how the business shares the social values. 

Although this supports Garriga and Mele’s (2004) conclusions, in-depth questions 

revealed deeper insights into the attitude of SMEs in relation to CSR. For example, SMEs 

neither denied their business’ impact on the society, nor did they see CSR as a cost-

disadvantage, an outcome which contradicts the findings of Hitchens et al. (2005) and Ger-

stenfield and Roberts (2000) respectively. Furthermore, the “morally correct” perception of 

CSR in itself is indicative of the importance that they give to social relations (see Adler and 
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Kwon 2002) and formal engagements with a range of stakeholders, instead of fulfilling the 

economic expectations of dominant stakeholders only (Ceptureanu SI et al, 2015b). 

The discrepancy between the stated behaviour of the SME entrepreneurs and the 

actual behaviour of SMEs questions the validity of intertwined ownership and management 

(Nooteboom 1994) and the alignment of owner’s personal ethos with business behaviour 

(Fuller and Tian 2006; Spence 2007) in such organisations. It appears that, in the current 

business environment, a community’s influence on SME is strong enough to subside, if not 

displace, entrepreneurs’ personal values and interests. The presence of powerful social gov-

ernance (Larson 1992; Leifer and White 1986; Ceptureanu SI, 2014) is clearly at logger-

heads with the ST approach to business management since SMEs cannot risk overlooking 

community expectations for immediate profits. 

The research findings also indicate that the dominant stakeholders of SMEs have lit-

tle or no influence on CSR decisions. Community relationships, by way of contrast, appeared 

to be the most important criterion legitimating SME responsible behaviour and not the finan-

cial motives, as claimed by Mankelow (2003) and Murillo and Lozano (2006).  

The value for SMEs particularly lie in the fact that researchers, practitioners and 

policy-makers, who are responsible for advising business strategies and implementing poli-

cies, will now have a better understanding of SME behaviour, their challenges, limitations 

and goals for participating in CSR for researchers, practitioners and policy-makers. Accord-

ingly, SMEs can expect pragmatic solutions and effective policies from them that will not only 

exert less pressure to participate in CSR activities that do not effectively reduce their survival 

risks or facilitate the growth of this sector, but also benefit the broader society by bridging 

the gap between internal business goals and externally set societal aspirations. That said, we 

suggest further investigation of the research problem in different locations, involving a larger 

sample size and using different methodologies to validate the research findings. Further 

research is also required to explore the relative importance of each type of social capital that 

SMEs accrue through relationships with different stakeholders. 
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