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1. INTRODUCTION

Similar to HE systems in the neighbouring countries, the Croatian HE framework has experienced some remarkable changes in the past decade. Understanding what fundamental factors affect the behaviour of the agents (i.e. students) in the centre of the education production process is of significant importance. Using an educational production function this paper introduces a model of attainment which incorporates the distinctive features of Croatian higher education (HE) into the standard attainment modelling practice. In a simple principal-agent framework students choose their effort levels to maximise their benefits i.e. future returns to education. The principal is the higher education institution (HEI), setting appropriate incentives to achieve its main goal of maximising educational outcomes. 
In the proposed model of education production student’s performance is captured by the student’s average grade for the first year of studies (GPA1). Under the assumption that this measure improves the signalling of student’s academic attainment to further educational programmes and prospective employers, we might conclude that it is, thus, creating incentives for a student to maximise his/her performance in the HEI. Explanatory variables used in the model relate to student’s personal and family characteristics, prior attainment, peer effects, socioeconomic background and there are several dummy variables controlling for the type of programme attended at the HEI. To the best of our knowledge, benefiting from a unique data set, we are including for the first time a measure of student’s effort in a HE attainment model.
The first part of this paper, namely Sections 2 and 3, will address the theory behind student attainment modelling. Some of the limitations of the existing HE research are addressed in Section 4, while the distinctive characteristics of the Croatian HE system are presented in Section 5. These distinctive features are then incorporated in the empirical specification (Section 6) and the results are discussed (Section 7). At the end, some recommendations for future empirical work are presented and main conclusions are highlighted.
2. GENERIC THEORY
In a higher education system, universities comprising of faculties, art academies, colleges and polytechnics can be considered as multi-product enterprises using what Rotschild and White (1995) label as a customer-input technology. The quality of the customer-input technology may have an impact on peer effects in the HEI which in turn has been found to have a significant effect on student achievement. This relationship between peer effects and student attainment will be examined in more detail in Section 6.4.1. The various resources in education can be combined in different ways to achieve certain educational ends. Examining the efficiency of these different combinations is of significant interest to policy makers and has important policy implications. 

Use of economic principles to assess the efficiency of HEIs relies on the analogy between educational enterprises and firms where educational enterprises produce educational outcomes similar to the way that firms produce outputs. Hence, the underlying economic principles from the neoclassical theory of the firm (Varian, 1999; Baumol et al., 1983) are applied to illustrate the functioning of educational enterprises. 

In higher education, a production function is used to express the relationships between institution’s inputs and outputs where outputs might be more appropriately considered as outcomes of the educational process and will henceforth be referred to in that way. In a mathematical form it shows how an institution generates a vector of outcomes using a flow of inputs and some available technology. In HE, the outcomes are not easily quantifiable and may include some measure of student attainment, wages, well being and other benefits of the educational process where the central transformation process i.e. learning technologies or management practices, is excluded (Belfield, 2000). Also, educational outcomes are not sold at market prices, thus making it difficult to attach a market value to outcomes. Specifying outcomes in HE can, therefore, depend on the objective function of HE sector, which may be various, namely producing graduates, fostering academic excellence, disseminating knowledge through expanding enrolments, etc. (e.g. Sheehan, 1973). 

From the perspective of student’s objective function, in a simple HE framework, we assume that students choose their effort levels to maximise their benefits i.e. future returns to education where supplying more effort in the education process may imply a better earning power in the future. Following Costrell (1994, 1997), we can model a student’s utility function as depending on leisure and earnings where earnings are reduced if the student does not provide some effort in HE. The student supplies effort and chooses the achievement level that maximises his/her utility up to the tangency of that utility function and educational production function that is linked with earnings. Assuming that student’s grades or a similar type of credentials serve as a signal of student’ s academic attainment to the labour market or further educational programmes then, we might argue that students have an incentive to maximise their performance in the HEI, while trying to maximise the expected net benefits (from the labour market or elsewhere). Hence, there are additional outcomes of student’s level of attainment translated into direct utility, namely, higher earnings or general well being. Furthermore, along with the individual benefits from education there are other external benefits to the society that  are usually not internalised into students' decisions (for a more detailed analysis of the conventionally discussed external benefits see Barr, 1998). The review of the development of the theory is presented in the next Section.

It is necessary to emphasize some of the limitations in applying the theory of the firm to model education production. Firstly, to use the economic analogy in the context of higher education we would need to assume that “HE is a business: it produces and sells educational services to consumers for a price and it buys inputs with which to make that product” (Winston, 1999, p. 13). Hence, we could draw parallels between the HEIs and firms, students and customers, faculty and labour market, etc. However, contemporary HEIs are diverse, have multiple purposes and engage in a number of activities sometimes extending further than the customary teaching and research work (Cohn and Cooper, 2004). Furthermore, as Dixit (2002) notes, the education sector has some important distinguishing characteristics, namely multiple stakeholders, multiple objectives and multiple outputs. This makes the monitoring of educational production a complex issue. Hence, higher education is different from the familiar for-profit enterprise setting as Winston (1999) concludes. 

3. LITERATURE REVIEW OF THE DEVELOPMENT OF THE THEORY
After assuming that student’s and HEI’s goal is the maximisation of educational outcomes we turn to the standard functional form of education production. A simplified education production function may take the following form:

	A = f (R, F, P, At-1, E)
	(1)


Where A is student attainment; R represents institution's resource input; F includes family characteristics; P is peer input; At-1 is prior student attainment (capturing student ability) and E is student’s effort. The underlying assumption is that students are maximising their attainment (A) subject to constraints. In modelling attainment in HE, the dependant variable (A) is usually grades or performance in a written test, and the goal of the HEI is to allocate students and resources in such a way that it maximises student attainment conditional on the ability distribution of students. These actions by HEI are subject to budget constraint usually modelled as the amount of resource per student (typically modelled exogenously in a simple funding formula) multiplied by number of students. 

All of the explanatory variables are expected to have a positive effect on the dependent variable. P and A are determined exogenously, and E can be considered a function of prior attainment and cognitive ability and thus, may be determined endogenously. In our empirical investigation we introduced a separate effort variable to take account of the difference between effort and prior ability. It can be argued that the peer effects and the student effort variable are vital to the efficiency of education providers and also are quite complex in education production modelling i.e. the application of student attainment model to Croatia, hence they will be discussed in more detail in the next section. 
3.1. Effort
Theoretical examinations of the role of effort in educational process are quite rare and in contrast with the extensive literature on the role of effort in firms. For the latter, one of the most important contributions is the theory of efficiency wages developed by Shapiro and Stiglitz (1984). Holstrom and Tirole (1989) provide a survey of the work on the role of effort in firms. More recently, empirical estimations of effort have taken place for firms (summarised in De Fraja et al., 2005), and effort has been assessed by absenteeism (Ichino and Riphahan, 2004), the quit behaviour (Galizzi and Lang, 1998) and misconduct (Ichino and Maggi, 2000). However, given the distinctive features of HE sector and the differences between the firms and HEIs most of the findings on the role of effort in firms cannot be applied in student attainment modelling.  

In educational psychology, effort is one of the most studied variables affecting educational outcomes (Schenk, 2003). It has a significant impact on motivation (which may determine the trade-off between leisure and work) and thus, on student attainment
. In our model we consider that the motivation is embedded in our effort variable, hence, we are not treating them as distinct. In education, the lack of data on effort usually impedes its inclusion as a variable in the studies on attainment thus leading to empirical specifications lacking one of the vital determinants in understanding the process. For studies on primary and secondary education, effort is conventionally examined by using proxies such as time spent on homework, time parents spend reading to their children, i.e. the data is mostly qualitative rather than quantitative and regression analysis is rarely used. There are few examples of modelling effort for primary and secondary education and estimating its impact on attainment i.e. Bonesrønning (2004), De Fraja et al. (2005). However, the data is rather limited and the research does not provide a clear-cut answer as to the relationship between the key players, namely teachers, students and parents and the interaction of their effort levels on pupils' attainment. This is especially a problem when modelling student attainment in HE, since there is a general lack of understanding of the role of student effort in educational attainment. To the best of our knowledge, there are no empirical studies in HE that are modelling student attainment using effort as an explanatory variable.

3.2. Peer Effects
In terms of peer-group effects, they are perceived as a group of influences arising from 'social interactions' where the behaviour of one individual is affected by the behaviour or characteristics of other individuals in the same group. The characteristics of these interactions can be linked with the customer-input technology since, in student attainment models, peer quality can technically be considered as an input into the HEI’s education production (Winston, 1999).

Similar to the previously mentioned problems in using effort as an explanatory variable, studies on educational attainment that use peer effects as one of the determinants in the model are relatively limited. This is especially evident in models of attainment dealing with higher education where peer effects are very difficult to specify due to the fact that in most of the HE settings student chose their own peers. This introduces what Manski refers to as the 'reflection problem' (Manski, 1993) i.e. smarter students tend to choose to be around other smarter students thus it might be quite difficult to statistically distinguish between the effects of students own smartness and the smartness of its peers.

For students in primary and secondary schools it is possible that they are assigned to classrooms in a way that is not related to achievement, hence the 'reflection problem' can be bypassed leading to more studies examining peer effects at this level. Peer effects at this pre-tertiary level have played an important analytical and empirical role since the publication of the Coleman Report in 1966 (Coleman et al. 1966).  Studies such as Henderson et al. (1976), Hoxby (2000), Zimmer and Toma (2000), Checchi and Zollino (2001), Hanushek at al. (2003), Robertson and Symons (2003) and McEwan (2003) have found positive peer effects operating at the classroom level i.e. having better peers can improve student’s own attainment. Furthermore, some studies found that this effect was larger for low-ability students. Some of the few studies on peer effects in HE will be addressed in Section 4 along with a more detailed discussion of empirical work on modelling attainment.
4. CRITICAL EXAMINATION OF PREVIOUS EMPIRICAL WORK
The bulk of theoretical and empirical work on education production functions comes from the United States and more recently, the United Kingdom hence, these HE environments are only partially comparable to that in Croatia. Elsewhere in Europe, education production studies in most cases are restricted to examining qualitative rather than quantitative determinants in education production and, if there is an application of regression analysis, it is usually estimated for elementary or secondary school level benefiting from the data from standardised tests like PISA
 and TIMSS
. Furthermore, most of those studies tend to focus on resource effects with little focus on the determinants of educational attainment. Some of the exceptions modelling attainment in secondary education and discussing some of its determinants (i.e. mostly personal characteristics of students or socioeconomic background) are Feinstein and Symons (1999); Ammermueller et al. (2003); Brunello and Checchi (2003); Hakkinen et al. (2003); Hazans et al. (2003); Wolter (2003); Woessmann (2004) and Schneeweiss and Winter-Ebmer (2005).
For studies dealing with higher education the quantity and the quality of the educational process is commonly captured by completion rates, test scores and grades obtained while standardized test-results from secondary school (e.g. A-levels in the UK and SAT scores in the US literature) are frequently used as proxies for value added in knowledge transmission at secondary level i.e. they are taken as a measure of student ability. 

Turning to other inputs in the education process, besides the ability (which is found to positively influence student attainment e.g. Rudd, 1984; Smith and Naylor, 2001), there are significant gender differences in educational performance. For example, in the studies by Rudd (1984), Smith and Naylor (2001), McNabb et al., (2002) females are found to outperform males, while Johnes and Taylor (1990) examine the ratio of male to female graduates and find no conclusive evidence on gender differences in attainment. Other personal characteristics that have been found to have a significant influence on student attainment are marital status, country of origin and age. For example, in Smith and Naylor (2004) married and UK-born students perform better than unmarried and overseas students. Blundell et al. (1997) use an ordered probit analysis of student attainment in HE (running separate regressions for men and women) and find that the type of secondary school attended has a statistically significant effect on HE attainment only for women. Furthermore, the effect of student’s age on attainment has been inconclusive. None of the empirical investigations addressed above attempted to evaluate student effort in HE nor did their authors acknowledge the lack of such an important variable. 
In regard to the peer characteristics in HE, they were mostly proxied by some variant of academic ability (e.g. SAT scores in the US HE and A-levels for UK) or some other more specific variables generated in the admissions process. The influenced behaviour i.e. student attainment, was usually captured by grades (GPA) or score in some written test. 

In HE, the studies trying to avoid the 'reflection problem' (issue discussed in Section 3.2) mostly focused on roommate level peer effects. For example, Sacerdote (2001) finds that student’s own GPA and his roommates are strongly correlated at there is some evidence of nonlinear peer effects. Zimmermann (2003) finds positive peer effects for some categories of students where having a roommate with low SAT score will diminish the academic performance of the student close to the middle of the SAT distribution. Winston and Zimmerman (2004) find that the strongest peer effects are associated with students in the middle of the SAT distribution and the negative effects of a low SAT roommate seem to influence student’s achievement more than the positive effect of the high SAT roommate. 

Peer group effects might influence student attainment not only through ability but also through socio-economic status and race (Hanushek et al. 2003), and gender composition (Robst et al., 1998, Smith and Naylor, 2001, Hoel et al. 2005). The evidence on the nature of any nonlinearities or gender peer effects is not completely clear. It seems that student in the middle of ability distribution are usually more sensitive to peer influences than those at the either end of the ability distribution. McNabb and Johnes (2004) seek to capture peer effects in UK by using secondary school outcomes i.e. A-levels. We argue that the effect of prior attainment (proxied by A-levels) may not be a good proxy for peer effects in HE since the HE environment is different in terms of student behaviour and there is a changing patter of social interactions as student matures (drawing on the work by Akerlof and Kranton, 2003). This is especially relevant if we are observing long duration of study like in Croatia. Furthermore, the authors scarcely address the endogeneity issues when estimating peer effects, thus perhaps introducing bias in their estimates. 

Although the empirical work to confirm the existence of peer effects in HE can be found, it is related to narrowly examined environments, predominantly the US and UK HE systems, and can rarely be applied in other different HE settings, i.e. Croatia. Furthermore, the analysis of peer effects focusing solely on the interactions of roommates might not be an appropriate way to address the problem. We argue that for a HE setting it would be more appropriate to look into classroom/course-group interactions than roommate interactions, since the former is more in line with the principle of studies in HE. This is also valid for Croatia where it is typical that the students are living at home while studying and most of the interactions are in course-groups to which the students are usually randomly assigned. Some of the specific features of Croatian HE system are presented in the next Section and these will be integrated into the empirical part. 

Overall, several problems can be identified as dominant in the studies modelling student attainment in higher education. Although the studies are generally technically precise in modelling attainment and addressing some complex issues (e.g. capturing peer effects) there seems to be no clear understanding and analysis of the underlying theory of education production e.g. the lack of a quantifiable measure of effort is rarely acknowledged. This seems to demonstrate that the transformation process ('of turning inputs to outputs') and its interaction with the educational environment are largely disregarded. Furthermore, the studies are usually vague in identifying who the decision making unit is in the production of education outcomes. That might be connected to another issue, namely the neglect of agency issues in modelling student attainment (also identified by Carnoy, 1995).
5. DISTINGUISHING FEATURES OF CROATIAN HE SECTOR
Remarkably little is known about the determinants of student performance in Croatian HE and whether the current structure of educational production matches the needs of the economy. There are no national educational standards or external evaluations of exams hence, there is no feedback from HEIs on the educational practices/outcomes at tertiary level. There are no comparisons made through time, between regions and between different types of programmes. There is also a lack of trained professionals in the area of quality monitoring and assessment. Currently new issues are being addressed in the legal framework but have not however been effectively implemented, namely the degree of autonomy of the HEIs, introduction of quality assurance systems, performance-linked funding and market forces in HE operations. Although the Croatian government views education as a key element in the transition to a democratic society, it still needs to develop interpretable measures of education outcomes, such as student attainment, to monitor the efficiency of its education system. That type of information can be seen as a first contribution to assessing the effectiveness of the systems and the reforms taking place. 

According to the OECD report (2004) there are significant contributions for a country stemming from improvements in educational attainment. Positive effects are apparent in labour productivity, technological progress and in supporting country’s economic growth. It is estimated that in the OECD area one additional year of education increases economic output by between 3-6 percent (OECD, 2004). 

Similar to other HE systems in neighbouring countries, Croatian HEIs are faced with remarkable increases in the number of students thus leading to increasing concerns over stretched out resources and possibly deteriorating educational quality. Most of the other developing countries are also left with a similar daunting task - to cope with the expansion of HE sector while improving the quality of education, all within budgetary constraints (World Bank, 2000a). Despite the drastic increase of the population enrolling to some form of tertiary education in Croatia (from 1991/92 until 2004/05 there had been an 86 percent increase), the main problems are still in the long duration of studies and a small number of students earning a degree. According to the UNESCO estimates, the gross enrolment rate in tertiary education
 in Croatia in 2003 was 28.3 percent and only two thirds of all students who enrolled actually obtained their degrees (Šošić, 2004). Moreover, the number of graduated (in 2003) relative to the number of enrolled (with a 5-year shift) is around 17 percent, indicating a slow progress through HE studies. Although university-type studies can be completed within 4-5 years, the average length of study is therefore markedly above this. Along with the efficiency and cost consideration emerging from such a situation, another concern is the relatively late age at which students enter the labour market. For some other European countries, Brunello and Winter-Ebmer (2002) report that the median graduation age in 1998 for 4-year HE degrees was 27.4 in Austria and 26.8 in Italy. This longer than necessary time to complete may affect available resources and defer the entry from HE to the labour market, reducing the labour supply and reducing tax revenues (Hakkinen and Uusitalo, 2003). This brings forth the need to examine not only the country’s educational structure but its specific features that influence student attainment. 

The former communist regime encouraged high levels of access to education, especially at secondary level. The decision to pursue post-secondary education was individual. According to the OECD (2001) estimates about one-third of general secondary school leavers did not continue their education. The choice of secondary school is closely linked with students’ future choice of study. However, a poor performing student is faced with problems in enrolling in tertiary level education due to a rigid structure of tertiary sector based on high student demand for enrolment and a competitive entrance exam procedure with a limited number of ‘free’ (i.e. no tuition fee) places. 

The Faculties grade and administer entrance examination and along with these students need to fulfil some other general requirements. Entry is highly selective, there is a limited number of places, hence students need to obtain a good score in the entrance examination and have good overall high school grades (with a smaller weight given to their high school diploma grade). For students who did not achieve a high enough score at entrance examination to the HEI and cannot be admitted to government-sponsored places (i.e. zero tuition), they might still enrol at the HEI outside the official quota but they need to cover the costs of tuition fees. For those students there is a strong correlation between academic attainment and socioeconomic background (World Bank, 2000b).

In terms of educational practices in Croatian HE before the implementation of the Bologna process guidelines, traditional (passive) lectures dominate and tutorials, team work and group activities are not common practice. There appears to be relatively little contact between students and professors. Students receive a modest amount of information about courses, course requirements, possible combinations of courses, and there is no career guidance provided before enrolments or during the course of study. In such a setting student effort and peer effects are variables that might have a crucial impact on student attainment since the student needs to rely more on his/her own effort and ability and the ability of his/her peers who may present a better source of information and guidance. At a later stage when more new data becomes available this type of investigation into the determinants of student attainment might also serve for an assessment of pre and post-Bologna effects on attainment in Croatian HE.
When comparing Central and Eastern European higher education systems with those of the West (from which most of the empirical work on modelling student attainment is available), one is confronted with Western higher education systems that are quite heterogeneous and themselves experiencing rapid change as Scott (2002) notes. Hence, there is the need to develop an appropriate model of attainment specifically tailored to capture country-specific features in HE.

6. DEVELOPING A MODEL OF STUDENT ATTAINMENT
This section presents an educational production function approach to test the significance of a complex set of factors on students’ attainment in Croatian HE. The novelty of this student attainment model is the inputs it uses, and their relevance in the Croatian HE context.

Assuming a simple principal-agent framework, the student is a decision making unit choosing his effort level to maximise his attainment. The principal is the HEI setting appropriate incentives to achieve the main goal of maximising educational outcomes. This is a simplified version since there is usually a multiprincipal system in HE i.e. HEIs are agents of the government.
6.1. Data

For student attainment modelling we used a large dataset on the entire student population on 4-year programmes for one large Croatian HEI in the period from 1994-2003. The dataset is cross sectional in character and contains a large number of variables for an even larger number of students. It was difficult to collect this data, but once obtained, it offers a multitude of analytic possibilities. For the first part of our analysis we focused on the determinants of educational attainment at the first year of study, thus obtaining insight into the relationship between the variables. This also means that a larger data set is presently available for estimation. Therefore, from the whole dataset (N=4140) a subpopulation was chosen for student attainment modelling (n=3856) i.e. only students who had completed their first year courses and were graded on them (GPA1) were selected. In cases when the last change in student status was entered prior to 2002 we assumed that the student dropped out since no activity was recorded for him/her in two years. Therefore, if a student dropped/intermitted and does not have all first year exams completed, he/she is excluded from investigation. From the whole sample of students (N=4140), 25.34 percent have completed their 4-year studies and 20.51 percent have dropped out. From here on, we will be just discussing the subpopulation under investigation (n=3856).
For these ten cohorts we will be using a set of variables capturing student’s personal characteristics, previous schooling, socio-economic background, peer effects, student effort and several other course related characteristics. The variable descriptions are presented in Table 1 and descriptive statistics are presented in Table 2. 

Table 1: Variable Descriptions 
	
	Variable
	Description

	Personal characteristics

	
	Age
	Age of the student at enrolment

	
	Gender
	1 if female; 0 otherwise

	
	Married
	1 if the student was married; 0 otherwise

	
	Born in Croatia
	1 if the student was born in Croatia; 0 otherwise

	
	Born in Bosnia and Herzegovina
	1 if the student was born in Bosnia and Herzegovina; 0 otherwise

	
	Urban-rural
	1 if student is from an urban place of living
; 0 otherwise

	Previous schooling

	
	Secondary school type

	
	Gymnasium
	1 if the student attended a gymnasium; 0 otherwise

	
	Vocational (omitted)
	1 if the student attended a vocational school; 0 otherwise

	
	Technical_other
	1 if the student attended a technical or other school; 0 otherwise

	
	Studied economics 
	1 if the student attended a secondary school offering programmes in economics; 0 otherwise

	
	Studied economics, commerce or tourism
	1 if the student attended a secondary school offering programmes in economics, commerce or tourism; 0 otherwise

	Socio-economic background

	
	Parental educational attainment

	
	University-type degree or non-university college degree
	1 if the student’s parents obtained a university or non-university college degree; 0 otherwise

	
	Secondary school education (omitted)
	1 if the student’s parents completed secondary education;  0 otherwise

	
	Basic school education or no school completed
	1 if the student’s parents completed basic school education or  have no basic school completed; 0 otherwise

	Effort

	
	Exam taking practice
	Average number of times student took exams during the first and/or second year of study

	Peer effects

	
	Peers
	Calculated as the mean GPA1 of students at the same course group as student i

	
	Peers squared
	Square of the average ability

	
	Peers female
	The proportion of females at the same course as student i

	Course characteristics

	
	Fee status
	1 if the student is paying the fee; 0 otherwise

	
	Full or part-time
	1 if the student is enrolled full-time; 0 otherwise


Table 2: Descriptive Statistics

	Variable
	Observations
	Mean
	Std. dev.

	GPA1
	3856
	3.008
	0.589

	Personal characteristics

	Age
	3856
	19.439
	2.362

	Gender
	3856
	0.618
	0.486

	Urban
	3855
	0.958
	0.200

	Born in Croatia
	3855
	0.871
	0.335

	Born in B&H
	3855
	0.101
	0.302

	Married
	3845
	0.026
	0.160

	Secondary school

	Gymnasium
	3777
	0.534
	0.499

	Technical or other
	3777
	0.060
	0.238

	Vocational
	3777
	0.406
	0.491

	Studied economics 
	3776
	0.297
	0.457

	Parental qualifications

	Father_University-type degree or non-university college degree
	3256
	0.425
	0.494

	Father_Secondary school education
	3256
	0.496
	0.500

	Father_Basic school education or no school completed
	3256
	0.078
	0.268

	Mother_University-type degree or non-university college degree
	3296
	0.307
	0.462

	Mother_Secondary school education
	3296
	0.559
	0.497

	Mother_Basic school education or no school completed
	3298
	0.132
	0.339

	Course characteristics
	
	
	

	Fee status
	3856
	0.709
	0.454

	Full or part-time
	3856
	0.611
	0.488

	Peer effects
	
	
	

	Peers1
	3856
	3.007
	0.233

	Peers1_sq
	3856
	9.100
	1.430

	Peers1_female
	3856
	0.614
	0.051

	Effort
	
	
	

	Effort1
	2102
	2.179
	0.856


6.2. Data Limitations

From Table 2, it is evident that there will be some drawbacks for the empirical work. This primarily relates to a large incidence of missing observations for some of the explanatory variables, especially for our effort variable and parental education. Before deciding on the strategy in the empirical part of investigation we should understand the reasons data are missing e.g. is it because some questions in the initial questionnaire
 were not appropriate for the respondents, or were some subjects sensitive about some topics and did not answer, were there problems with data collection? For the Croatian HEI some of the reasons for missing observations might be that some student information was not entered in the database at all by the administrative staff (e.g. marital status, secondary school, number of times student took an exam, etc.) although the data existed. The reason for this might be the lack of time and other pending obligations of the staff, therefore, this would point out to a random pattern of missingness. Furthermore, it might be the case that students did not respond to some of the initial questions in the questionnaire (e.g. regarding their parents' education) and this data was never collected. 

The theory on imputation reveals three main concerns when dealing with missing data, namely the loss of efficiency, problems in data handling and analysis and, finally, bias due to differences between the observed and unobserved values (summarised in Barnard and Meng, 1999). In general, if we considered data imputation it requires caution since it changes the variance-covariance structure of the dataset and has an impact on estimated regression coefficients. These coefficients will depend on the degree of missing observations, the difference between the characteristics of two populations (i.e. observable and unobservable) and the explanatory variables used in imputation. Little and Rubin (1987) report the cases where standard estimators applied to actual and imputed data had substantial differences and imputation methods might not lead to a reduction of bias in comparison to the incomplete dataset.

For this analysis we shall assume that the data is “missing completely at random” (MCAR) i.e. that the distributions of missing and observed data are indistinguishable. The data is MCAR when the probability that an observation (Xi) is missing is unrelated to the value of Xi or to the value of any other variable in the dataset. As Rubin and Levin (1987) warn, this assumption does not mean that the pattern of missingness is itself random, but rather that missingness does not depend on the data values. In our empirical investigation the variable with most missing observations is effort i.e. the number of times student took an exam. The reporting of this number is done automatically through the HEI's computer system or individually by administrative staff and from this we cannot deduce that the missing information is related to the student or his/her characteristics. Therefore since the missingness mechanism cannot be completely linked with the student and his/her characteristics (i.e. that are actually variables in the student attainment model) we might assume that the effort data is MCAR. If the data are MCAR then the reduced data set resembles a randomly selected sub-sample of the original data and the conclusions made from it are valid. In this case, case deletion might be a suitable approach. Consequently, we are focusing only on the complete observations and after the case wise deletion
 of missing values the sample contains information on 1530 students. 

6.3. Empirical Specification

In the empirical work we will be using a set of variables capturing student’s personal characteristics, previous schooling, socio-economic background, peer effects, effort and several other course related characteristics. 

Similarly to equation (1) we model student attainment using the following theory-driven specification:
	A = f (X, F, S, P, E, C)
	(2)


where student attainment is a function of student’s personal characteristics (X), family background (F), previous schooling (S), peer effects (P), effort (E), and course characteristics (C). For the first part of our analysis we focused on the determinants of educational attainment at the first year of study, thus obtaining insight into the relationship between the variables. This also means that a larger data set is presently available for estimation. 

Building on equation (2) our model of educational attainment for the first year of study has the following form:
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where student attainment is measured by the grade point average (GPA) at year one for student i in group j, taking the value from 2.00 (lowest) to 5.00 (highest). The 2003 entry cohort was chosen as the last one due to the fact that the students cannot enrol in their third year of study (i.e. 2005/2006 for the last 2003 entry cohort) without completing all the classes from the first year. Hence, for all the students in our sample, GPA at year one should be reported unless they are intermitting or dropped out before taking any exams. 

The groups at the first year of studies are determined alphabetically, and the lectures are separated in two groups in which students interact, therefore the construction of peer effects had to take this into account. Xi is a vector of student's personal characteristics and includes age at enrolment, gender, marital status, place and country of birth. Fi is a vector of family characteristics which includes parents’ labour market qualifications and this variable serves as a proxy for socio-economic background. Si is a vector of previous schooling characteristics i.e. it introduces information on the type of secondary school that student attended and if the student studied subjects that were related to his/her present subject area. There are also several dummy variables indicating course characteristics (Ci) i.e. is student enrolled full-time or part-time, paying tuition fees or exempt and programme name. The academic peer effects (P) are captured by the mean ability of students in the same group as student i, where this ability is proxied by the obtained GPA at first year. To allow for the non-linear nature of academic peer effects we include a squared measure of academic peer effects variable (P2). Peer effects might also be influenced by gender hence we include the proportion of female students in group j (Pf). Ei is student i’s effort proxied by the exam taking practice i.e. the average number of times that student i took exams during his course of study (taking the value from 1-8). 

The model is specified using Ordinary Least Squares where this estimation method is common in modelling student attainment (Todd and Wolpin, 2003). 
6.4. Characteristics of the Variables

The variable on parental qualifications is a proxy for family’s socioeconomic status which might reflect the learning environment at home(Hanushek, 1986) and might also be a proxy for ability in nature and quality of student decision-making. Contrastingly, in some of the empirical work, direct influence of parental variables on student attainment was found to have a small or insignificant effect on student attainment (e.g. in Mayer, 1997). Nevertheless, the exact causal structure of the relationship cannot be specified i.e. the effect of the home learning environment on student attainment is not modelled due to data limitations which are typical for this line of inquiry (e.g. Manski, 1993). 

In relation to the type of secondary school attended and its effect on student attainment we expect that student from gymnasiums and 4-year technical school will probably outperform students who attended some other secondary school. The rationale for this comes from OECD (2001) data on the success of Croatian students in gymnasiums and 4-year technical schools which is found superior to the one in vocational schools (e.g. there are 28 percent of students receiving an excellent mark and 42 percent receiving very good marks). Four-year technical programmes are most popular with more than 41 percent of pupils enrolled in them. 

Since the structure of HE in Croatia, presented in the previous sections, seems to place high demand on student’s ability and motivation for learning, we argue that student effort and peer effects might have a crucial impact on student attainment. In such a setting, student is modelled as a decision making unit, managing and organising his/her own studies. Therefore, student is a key actor in shaping educational outcomes
. This kind of approach, although simple, is not dominant in the empirical work on attainment. One reason is the generally scarce work addressing peer effects and effort in HE and issues with data availability to capture these effects. This argument is especially relevant for the effort variable since in the overwhelming majority of studies on educational production the authors do not even acknowledge the lack of a quantifiable measure of effort. Other reason might be the relative complexity of modelling peer effects in HE where it is methodologically challenging to distinguish between the impact of student’s peers and students’ own characteristics, hence there are significant issues with estimation bias and over or under estimation of peer effects (Hanushek et al. 2003). These issues are addressed next.
6.4.1. Effort and Peer Effects

In examining student effort, Bishop (1996) claims that effort will be maximised in an educational system that is setting a clear link between what is learnt and what is graded. It can be argued that the overall grade (GPA) is an internally set standard that might affect student’s effort levels since the grade is then a signal to the labour market of student’s specific competencies. Internal examinations also serve to clarify the goals of an educational programme, encouraging internal efficiency necessary in Croatian HE. The evidence on internal examinations and their impact on achievement is vastly assessed for lower levels of education however it is rarely put in this framework (i.e. effort proxied by exams is affecting internal efficiency) for tertiary education. 

In Croatia, until 2005/06 school year, student could retake the same exam three times after which they need to have an oral examination by an appointed HEI committee. If the student fails even at that time, he/she needed to enrol into the course once more, thus prolonging his/her duration of studies. The data on the average number of times that student retook exams is available in our data set and we use it as a proxy for effort. This exam taking practice is viewed as the formative assessment of student’s commitment to progress in HE. We argue that students who are passing their exams with less retakes are the ones achieving higher GPA.

In developing and post transitional countries, data availability and measures of peer effects and outcome seriously affect the methodology that can be used. There are difficulties in defining the peer-group, isolating causal peer-group effects from other influences, lack of appropriate data, and different identification methodologies adopted by researchers. As summarised by Manski (2000) and Moffit (2001), the empirical analysis of ‘social interactions’ is plagued by conceptual and data problems.

Overall, three problems are generally recognized in modelling the impact of peer effects on student attainment. Primarily, peer group characteristics might embody some of the other omitted or mismeasured factors that influence student attainment thus producing biased estimates of peer effects on attainment. Secondly, there is a ‘reflection problem’ (Manski, 1993) i.e. student influences his peers and is at the same time influenced by them. Thirdly, students choose where to enrol and they chose their friends thus, it is possible that the group chosen and student’s own characteristics will be highly correlated
.
In this section we mostly focus on solving the first two problems which might influence our results the most, as they are directly related to the problem of biased estimates of peer effects i.e. making peer effects look important when they may not be. Furthermore, since in Croatia secondary school grades are school-specific (schools assess and administer exams) to avoid the problem of different grading practices across schools we will capture peer effects by using average grade scores at the HEI i.e. GPA at year one. Drawing on Hoxby (2000), we are using a standard baseline model of the impact of peer effects on educational outcome, where a simplified version has the following form:
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where GPAij is educational outcome for student i in group j, average GPAij is the mean ability of students in the same group as student i, where this ability is proxied by the GPA obtained at first year (capturing absolute peer effects), and Xij is a vector of other factors that affect student i’s outcome. However, since peer effects tend to influence student attainment through multiple channels we extend the baseline model and introduce two additional variables capturing peer effects. Drawing on the work by Johnes and McNabb (2004) and also other US and UK studies in which gender had been found to play a significant role in student attainment (e.g. in Rudd 1984, Smith and Naylor 2001) we included an additional measure of peer characteristics, namely gender composition of the peer group. Since peer effects will be modelled for students in HE and from diverse backgrounds and places of living we might disregard the impact of neighbourhood characteristics that are important in primary and secondary education and are known to bias upward the estimated peer effects in school (Levine and Painter, 2000; Krauth, 2004). Furthermore, many issues related to peer effects require a model that is either non-linear in peers’ mean achievement or in which other moments of the peer distribution matter. To address the issue of non-linearities in peer effects (recognized by Hoel et al., 2005; Winston and Zimmerman, 2004), we included a quadratic term of our peer effect proxy as noted in equation (3).

7. RESULTS
Before examining the preliminary findings of the empirical analysis, several sources of bias can be noted. Firstly, it is common across the relevant literature in education production modelling to consider only the students who enrolled, thus leaving out all students who might have attempted to enrol or did not obtain necessary qualifications. Thus, the prevailing empirical work on student attainment is conditional on students who enrolled. This is also the case here and the analysis of the application and admission process which might have an effect on student attainment is left out. Secondly, the issue of missing data has been recognized at the start of empirical analysis. Under the assumption that the data is missing completely at random, i.e. there is no pattern in the “missingness” of data, we deleted incomplete observations from the dataset, and proceeded with the estimation. At the end, there were still more than 1500 observations left enabling us to examine the relationship between the variables. Furthermore, the peer effects variable might introduce some endogeneity bias in the estimation of our model. However, drawing on the work by Johnes and McNabb (2004) the peer effects are captured by several variables thus potentially reducing the problem. 

After trying several different specifications for the model some of the dummy variables were left out since they were repeatedly insignificant and with a low value of coefficients (i.e. female peer effects, country of birth). To avoid multicollinearity in the model, in the case of variables on the type of secondary school attended, we left out the category of vocational schools as a reference group. For parental qualifications the reference group is student’s parents who have a secondary-level education. The diagnostic tests were performed and while normality and functional form were not an issue for the attainment model, heteroscedasticity presented and obvious problem. To address it, we used the robust correction
 where the new reported standard errors are more robust to failure to meet the assumption of homogeneity of variance of the residuals. Table 3 reports the results of the Ordinary Least Squares regression of student attainment at the first year of study for 1530 students. The R squared for the regression in Table 3 is 0.29 and the adjusted R squared is 0.28. F statistic (15, 1514) is 41.58 and the prob(F)= 0.000. 
Table 3: Regression Results, N=1530
	Variable
	Coefficients
	Robust std. err.
	t-statistic

	Constant
	-5.623**
	2.402
	-2.340

	Course characteristics
	
	
	

	Fee status
	-0.388***
	0.032
	-12.170

	Full or part time
	-0.225***
	0.032
	-7.040

	Peer effects
	
	
	

	Peers
	5.635***
	1.612
	3.490

	Peers squared
	-0.813***
	0.270
	-3.020

	Effort
	
	
	

	Exam taking practice
	-0.208***
	0.015
	-13.580

	Previous schooling
	
	
	

	Gymnasium
	0.068*
	0.038
	1.800

	Technical and other
	-0.051
	0.061
	-0.850

	Studied a related subject
	0.090**
	0.040
	2.240

	Socioeconomic status
	
	
	

	Father

University or college degree
	-0.002
	0.027
	-0.060

	Element. school education or no education
	0.034
	0.055
	0.620

	Mother

University or college degree
	0.005
	0.029
	0.190

	Element. school education or no education
	-0.074*
	0.042
	-1.750

	Personal characteristics
	
	
	

	Age
	-0.011
	0.009
	-1.260

	Married
	0.093
	0.112
	0.830

	Urban-rural
	0.081
	0.072
	1.130


Notes: Significant at ***1%, **5% and *10% .

We focus first on the results for variables on personal characteristics. The coefficient on age at enrolment, although statistically insignificant, has a negative sign and a higher t-statistic than other variables in this group (P-value is 0.16) indicating perhaps that older students perform less well in the HEI. Other dummy variables like 'urban-rural' or 'country' did not have a significant effect for students in the dataset but they both have a positive sign and the coefficient on urban-rural has a low P-value (0.19) suggesting that students from cities perform better than students from rural areas. In terms of previous schooling, the coefficients on 'gymnasium' is statistically significant at a 10 percent level, thus attending a gymnasium has a positive effect on student attainment with regard to the reference category - vocational secondary schools. More specifically, the expected GPA1 is 0.068 units higher for students who attended a gymnasium in comparison to students from a vocational secondary school. The coefficient on 'technical and other' category which mostly includes students who attended a technical school or transferred from some other HEI is negative, hence, it might be argued that attending a technical secondary school or some other tertiary level educational programme and transferring has a negative effect on student attainment in the HEI in relation to previously attending some form of vocational secondary school. Studying a subject in secondary school that is related to student's present field of study has a statistically significant and positive effect on the GPA1 in comparison to students who have not studied a similar subject. The variable on parental qualifications which is a proxy for family’s socioeconomic status is statistically significant only for the category of mothers with elementary school education or no education. More precisely, the expected GPA1 is 0.074 units lower for students whose mother falls in the low or no education category in comparison to students whose mother has completed the secondary school (reference group).
All the variables for course characteristics, peer effects and effort have a statistically significant impact on student attainment either at one or five percent level of significance. In the above model, paying a fee has a negative effect on student attainment and the expected GPA1 is 0.388 units lower for those students in comparison to students admitted to tuition free places. Since this variable might be considered as a proxy for student ability, its sign is justifiable i.e. high ability students are the ones who are exempt from paying the tuition fee since they are ranked high in the admissions procedure to the HEI and will probably have a higher GPA in the course of study than the lower ability, fee paying students. In such an environment, the fee paying student may not be motivated to exert effort and raise his GPA, hence a negative coefficient. In addition, being a full time student has an unexpected negative effect on educational attainment with a coefficient of -0.225 which might suggest that part-time students are actually the ones who are perhaps more motivated to increase their GPA and perform well at the HEI. One of the explanations might be that since the majority of part time students are working along with studying and, as argued previously, if the GPA is a signal to the labour market of student's specific competencies, than these students are inclined to raise their GPA (and possibly shorten their duration of studies) while anticipating an increase in wage. 

As expected, peer effects are found to positively influence student attainment and the GPA1 increases by 5.635 units for a unit increase in the group mean ability (i.e. peer effects) when all other explanatory variables are held constant. This result suggests that student's peers have a very strong effect on student's attainment and this finding is common in other empirical investigations, however, primarily for UK and US HE systems. The non-linear specification of the variable is also significant and negative demonstrating that peer effects are significant for students in the middle of the attainment distribution who are, as Winston and Zimmerman (2004) note, usually more susceptible to peer influence than those at either end of the attainment distribution. The variable on effort exerted at the first year of study is statistically significant at one percent level (has the highest t-value in the model) and has an expected negative sign since it is measured as the number of times student took exams. When this variable (i.e. the number of times the student took exams) increases by one unit, the GPA1 is expected to decrease by 0.208 units. This confirms our initial assumption that students who had less retakes are probably the ones achieving higher grades.
8. CONCLUSION
This paper presented an education production function approach to test for the first time the significance of a complex set of factors on students’ attainment in Croatian HE. The novelty of the developed attainment model was the inputs it used, primarily the design of the peer effects and effort variables, and their modification to fit the Croatian context. However, several limitations need to be addressed. Firstly, the analysis was performed only for one large Croatian HEI for which the data was available and hence its results cannot be extended to the entire Croatian HE system. Secondly, there was a large number of missing observations which might have introduced bias in the results. To avoid this problem for future research, multiple imputation might be considered as a commonly applicable technique for large datasets. Finally, as mentioned in Section 7 the analysis is performed only for students who enrolled in the HEI thus leaving out information on all other students who might have attempted to enrol or did not obtain the necessary qualifications. Nevertheless, information stemming from student attainment modelling as presented in this paper may enable a better assessment of the changes in Croatian HE environment and may lead to a better understanding of the possible effects of policy changes in HE. To extend on this research, at a later stage we will introduce other variables, primarily additional measures of student ability, that have just recently become available and are expected to be helpful in understanding the determinants of student attainment. Furthermore, our goal is also to investigate the determinants of educational attainment for students who completed their studies. Those results will be compared with the results obtained in this paper thus offering more insight into the progress of studies of Croatian students. When more data becomes available, this type of research might enable a valuable comparison of Croatian HE system before and after the implementation of the Bologna process guidelines. 
BIBLIOGRAPHY: 

Akerlof, G. and Kranton, R. (2002): Identity and Schooling: Some Lessons for the Economics of Education, Journal of Economic Literature, Vol. 40, Issue 4, pp. 1167-1201.

Ammermueller, A.; Heijke, H. and Woessmann, L. (2003): Schooling Quality in Eastern Europe: Educational Production during Transition, IZA Discussion Paper No. 746.
Barnard, J. and Mang, X. (1999): Applications of Multiple Imputation in Medical Studies: from AIDS to NHANES, Statistical Methods in Medical Research, Vol. 8, Issue 1, pp. 17-36.

Barr, N. (1998): Benefits of Education: What We Know and What We Don't Know, HM Treasury, UK (available at: http://www.hm-treasury.gov.uk/media/24A/71/252.pdf, accessed 15/11/2005).

Baumol, W.; Panzar, J. and Willig, R. (1983): Contestable Markets: An Uprising in the Theory of Industry Structure: Reply, American Economic Review, American Economic Association, Vol. 73, Issue 3, pp. 491-496.

Belfield, C. (2000): Economic Principles for Education: Theory and Evidence, Edward Elgar, Cheltenham, UK.

Bishop, J. (1996): The Impact of Curriculum-based External Examinations on School Priorities and Student Learning, International Journal of Educational Research, Vol. 23, pp. 653-752.

Blundell, R.; Dearden, L.; Goodman, A. and Reed, H. (1997): Higher Education, Employment and Earnings in Britain, Institute for Fiscal Studies, London.

Bonesrønning, H. (2004): The Determinants of Parental Effort in Education Production: Do Parents Respond to Changes in Class Size? Economics of Education Review, Vol. 23, No.1, pp. 1-9.

Brunello, G. and Checchi, D. (2003): School Quality and Family Background in Italy, IZA Discussion Paper No. 705, Institute for the Study of Labour, Bonn.

Brunello, G. and Winter-Ebmer, R. (2002): Why Do Students Expect to Stay Longer in College? Evidence from Europe, IZA Discussion Papers No. 658.

Carnoy, M. (Ed.) (1995): International Encyclopedia of Economics of Education, Pergamon Press, UK.

Checchi, D. and Zollino, F. (2001): Sistema Scolastico e Selezione Sociale in Italia, Rivistadi Politica Economica, Vol. 91, Issue 7-8, pp. 43-84. 

Coleman, J.; Campbell, E., Hobson, C.; Mcpartland, J.;Mood, A.; Weinfeld, F. and Yorke, R. (1966): Equality of Educational Opportunity, United States Government Printing Office, Washington, DC.

Costrell, R. (1994): A Simple Model of Educational Standards, American Economic Review, Vol. 84, Issue 4, pp. 956-71.

Costrell, R. (1997): Can Centralized Educational Standards Raise Welfare?, Journal of Public Economics, Vol. 65, pp. 271-293.

De Fraja, G.; Oliveira, T. and Zanchi, L. (2005): Must Try Harder: Evaluating the Role of Effort in Educational Attainment, Centre for Economic Policy Research (CEPR), Discussion Paper No. 5048, London.

Dixit, A. (2002): Incentives and Organizations in the Public Sector: An Interpretative Review, Journal of Human Resources, 37(4): 696-727.

Feinstein, L. and Symons, J. (1999): Attainment in Secondary School, Oxford Economic Papers, Vol. 51, Issue 2, pp. 300-321.

Galizzi, M. and Lang, K. (1998): Relative Wages, Wage Growth, and Quit Behavior, Journal of Labor Economics, Vol. 16, pp. 367–391.

Häkkinen, I. and Uusitalo, R. (2003): The Effect of a Student Aid Reform on Graduation: A Duration Analysis, Department of Economics, Uppsala University, Working paper No. 2003:8.

Häkkinen, I.; Kirjavainen, T. and Uusitalo, R. (2003): School Resources and Student Achievement Revisited: New Evidence from Panel Dana, Economics of Education Review, Vol. 22, Issue 3, pp. 329-335.

Hanushek, E. (1986): The Economics of Schooling: Production and Efficiency in Public Schools, Journal of Economic Literature, Vol. 24, Issue 3, pp. 1141-77.
Hanushek, E.; Kain, J.; Markman, J. and Rivkin, S. (2003): Does Peer Ability Affect Student Achievement?, Journal of Applied Econometrics, Vol. 18, Issue 5, pp. 527-544.

Hazans, M.; Rastrigina, O. and Trapeznikova, I. (2003): Family Background and Schooling Outcomes before and During the Transition: Evidence from the Baltic Countries, Baltic International Centre for Economic Policy Studies - (BICEPS) Publications, Latvia (available from: http://www.biceps.org/publications.html).
Heider, F. (1958): The Psychology of Interpersonal Relations, Wiley, New York.

Henderson, V.; Mieszkowski, P. and Sauvegeau, Y. (1976): Peer Group Effects and Educational Production Functions, Economic Council of Canada, Ottawa.

Holstrom, B. and Tirole, J. (1989): The Theory of the Firm, in Schmalensee, R. and Willig, R. (Eds.), Handbook of Industrial Organisation, Vol. 1, pp. 61-133, North-Holland, Amsterdam.

Hoxby, C. (2000): Peer Effects in the Classroom: Learning from Gender and Race Variation, NBER  Working Paper, No. 7867.

Ichino, A. and Maggi, G. (2000): Work Environment and Individual Background: Explaining Regional Shirking Differentials in a Large Italian Firm, Quarterly Journal of Economics, Vol. 115, pp. 1057–1090.

Ichino, A. and R. Riphahan (2004): The Effect of Employment Protection on Worker Effort: A Comparison of Absenteeism during and after Probation, Journal of the European Economic Association, Vol. 3, pp.120-143.

Johnes, G. and McNabb, R. (2004): Never Give up on the Good Times: Student Attrition in the UK, Oxford Bulletin of Economics & Statistics, Vol. 66 Issue 1.
Johnes, J. and Taylor, B. (1990): Non-Completion Rates in UK Universities: A Reply, Higher Education, Vol. 19, pp. 386-90.
Krauth, B. (2004): Economics Working Paper Archive, Econ WPA, Econometrics Series, No. 0408002.

Levine, D. and Painter, G. (2000): Are Measured School Effects Just Sorting? Identifying Causality in the National Education Longitudinal Survey, Institute of Industrial Relations Working Paper Series No. 078 00, University of California.

Little, R. and Rubin, D. (1987): Statistical Analysis with Missing Data, John Wiley and Sons.

Manski, C. (1993): Identification of Endogenous Social Effects: The Reflection Problem, Review of Economic Studies, Vol. 60. pp. 531-542.

Manski, C. (2000): Economic Analysis of Social Interactions, Journal of Economic Perspectives, Vol. 14, Issue 3, pp. 115-136.

Mayer, S. (1997): What Money Can't Buy: Family Income and Children's Life Chances, Harvard University Press, Cambridge, MA.

McEwan, P. (2003): Peer Effects on Student Achievement: Evidence from Chile, Economics of Education Review, Vol. 22, Issue 2, pp.131-41.

McNabb, R.; Pal, S. and Sloane, P. (2002): Gender Differences in Educational Attainment: The Case of University Students in England and Wales, Economica, Vol. 69, pp. 481-503.

Moffit, R. (2001): Policy Interventions, Low-level Equilibria and Social Interactions, In Social Dynamics, edited by S. Durlauf and P. Young,  MIT Press, Cambridge, MA.

OECD (2001): Thematic Review of National Policies for Education: Croatia, Paris, France.

OECD (2004): Education at a Glance: OECD Indicators, Paris, France.

Robertson, D. and Symons, J. (2003): Do Peer Groups Matter? Peer Group versus Schooling Effects on Academic Attainment, Economica, Vol. 70, Issue 277, pp. 31-53.

Robst, J.; Keil, J. and Russo, D. (1998): The Effect of Gender Composition of Faculty on Student Retention, Economics of Education Review, Vol. 17, pp. 429–439.

Rotschild, M. and White, L. (1995): The Analytics of Pricing in Higher Education and Other Services in Which Customers are Inputs, Journal of Political Economy, Vol. 103, Issue 3, pp. 573-586.

Rudd, E. (1984): A Comparison Bbetween the Results Achieved by Women and Men Studying for First Degrees in British Universities, Studies in Higher Education, Vol. 9, pp. 47–57.

Sacerdote, B. (2001): Peer Effects with Random Assignment: Results from Darmouth Roommates, Quarterly Journal of Economics, Vol. 116, Issue 2, pp. 681-704.

Schneeweis, N. and Winter-Ebmer, R. (2005): Peer Effects in Austrian Schools, Economics Series 170, Institute for Advanced Studies.

Schenk, D. (2003): Try Harder? Motivational Effects of Effort Attributional Feedback, ERIC Digest ED 479353, ERIC Counseling and Student Services Clearinghouse.
Scott, P. (2002) Reflections on the Reform of Higher Education in Central and Eastern Europe, Higher Education in Europe, Vol. 27, Nos. 1-2, pp. 137-152.

Shapiro, C. and Stiglitz, J. (1984): Equilibrium Unemployment as a Worker Discipline Device, American Economic Review, Vol. 74, pp. 433-444.

Sheehan, J. (1973): The Economics of Education, George Allen and Unwin Ltd., London.

Smith J. and Naylor, R. (2001): Dropping Out of University: A Statistical Analysis of the Probability of Withdrawal of UK University Students, Journal of the Royal Statistical Society (Series A), Vol. 164, pp. 389-495.

Smith, J. and Naylor, R. (2004): Determinants of Educational Success in Higher Education (chapter 11) in Johnes G. and Johnes J., Editors (2004): International Handbook on the Economics of Education, Edward Elgar, Cheltenham, UK.

Šošić, V. (2004): Does It Pay to Invest in Education in Croatia? Return to Human Capital Investment as a Factor in Human Resource Competitiveness, chapter in The Competitiveness of Croatian Labour Force, Institute for Public Finance, Zagreb.

Todd, P. and Wolpin, K. (2003): On the Specification and Estimation of the Production function for Cognitive Achievement, Economic Journal, Vol. 113, Issue 485, pp. f3-f33.

Varian, H. (1999): Intermediate Microeconomics: A Modern Approach, 5th Edition, W.W. Norton, New York.
Weiner, B. (1979): A Theory of Motivation for some Classroom Experiences, Journal of Educational Psychology, Vol. 71, pp. 3-25.

Winston, G. (1999): Subsidies, Hierarchy and Peers: The Awkward Economics of Higher Education: Journal of Economic Perspectives, Vol. 13 Issue 1.
Winston, G. and Zimmerman, D. (2004): Peer Effects in Higher Education, prepared for C. Hoxby ed.: College Decisions: How Students Actually Make Them and How They Could, University of Chicago Press, forthcoming. 

Woessmann, L. (2004): How Equal Are Educational Opportunities? Family Background and Student Achievement in Europe and the United States, CESifo Working Paper Series CESifo Working Paper No. 1162, CESifo GmbH.

Wolter, S. (2003): Sibling Rivalry: A Six Country Comparison, IZA Discussion Paper, No. 734, Institute for the Study of Labour, Bonn. 

World Bank (2000a): Higher Education in Developing Countries: Peril and Promise, Report of the Task Force on Higher Education and Society, World Bank, Washington, D.C. (available from: http://www.tfhe.net/report/downloads/report/whole.pdf, accessed 10/11/2005).

World Bank Staff (CB) (2000b): Hidden Challenges to Education Systems in Transition Economies, World Bank, Washington, USA, (available from: http://site.ebrary.com/lib /staffordshire/Doc?id=5007387&ppg=70, accessed 1/11/2005)

Zimmer, R. and Toma, E. (2000): Peer Effects in Private and Public Schools across Countries, Journal of Policy Analysis and Management, Vol. 19, Issue 1, pp. 75-92.
Zimmerman, D. (2003): Peer Effects in Higher Education: Evidence from a Natural Experiment, Williams Project on the Economics of Higher Education, Review of Economics and Statistics, Vol. 85, Issue 1, pp. 9-23.










� Theoretical considerations of effort in psychology can be found in Heider (1958) and its application to an achievement context can be found in Weiner (1979).


� PISA – Programme for International Student Assessment.


� TIMSS – Third International Mathematics and Science Study.


� Gross enrolment rate in tertiary education is the sum of all tertiary level students enrolled at the start of the school year expressed as the percentage of the mid-year population of the five year age group after the official end of secondary school leaving age i.e. 18-22 year group for Croatia.


� The sorting was based on the list of towns and cities published online by Wikipedia at http://en.wikipedia.org/wiki/List_of_cities, accessed 23/11/05.


� Filled in by the student at the time of his/her enrolment at the HEI.


� The deletion of observations with missing values is a default in most statistical packages. In this case, we used Stata software which deleted all cases with missing values on any of the variables in our analysis.


� Student as a decision making unit bears some similarity to the study of Ackerlof and Kranton (2002) who model student achievement as a function of his/her identity, where the identity determines the effort devoted to learning. Academic achievement within a school depends on the match between student identities and academic and disciplinary standards.


� However, if we assume that students are randomly assigned into groups, the peer effects variable might not introduce endogeneity problems.


� The robust option in Stata computes Huber-White robust estimates of the standard errors.
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